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Today in Energy

August 7, 2023

Midwest homes, notably older homes, consume more natural
gas than most other U.S. homes

0

10

20

30

40

50

60

70

80

90

before 1950 1950–1969 1970–1989 1990–2009 2010–2020

Residential natural gas consumption, U.S. Midwest region (2020)
million British thermal units per household

all natural
gas end-uses

space heating

water heating

Data source: U.S. Energy Information Administration, 2020 Residential Energy Consumption Survey
Note: Average consumption for homes that use natural gas for the specified end use.

Homes in the Midwest consumed 34% more natural gas than the national average—76.1 million British thermal units (MMBtu) per
household compared with 56.6 MMBtu nationally—according to our 2020 Residential Energy Consumption Survey  (RECS). The
newest midwestern homes, those built since 2010, consumed an average of 48.9 MMBtu of natural gas for space heating, and
homes built before 1950 consumed an average of 74.8 MMBtu.

5/3/24, 3:24 PM Midwest homes, notably older homes, consume more natural gas than most other U.S. homes - U.S. Energy Information Administra…

https://www.eia.gov/todayinenergy/detail.php?id=57321&src=‹ Consumption Residential Energy Consumption Survey (RECS)-b2 1/2
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Natural gas consumption for space heating, U.S. Midwest (2020)

Data source: U.S. Energy Information Administration, 2020 Residential Energy Consumption Survey
Note: Average consumption for homes that use natural gas for space heating. Btu=British thermal units.

Space heating is by far the largest end use of energy in the U.S. residential sector; it accounts for 53% of all energy consumption
in Midwest homes. Differences in winter temperatures as well as structural differences can affect space-heating energy
consumption. For example, older homes in the Midwest are less likely to report having adequate insulation. Of the midwestern
homes built before 1970, 27% reported having poor or no insulation, compared with just 11% of homes built since 1970.

In 2020, average household natural gas consumption for space heating in the Midwest ranged from 72.7 MMBtu in Michigan to
50.9 MMBtu in Kansas. Although average home sizes and types were similar between the two states, average temperature  was
not. In 2020, Michigan had an average temperature of 49.6°F, making it the 11th coldest state in the United States. Kansas had an
average temperature of 56.0°F, making it the 29th coldest state.

Natural gas consumption for water heating in the Midwest did not follow the same consumption pattern as space heating. Homes in
Michigan averaged 16.6 MMBtu annually for water heating compared with an average of 17.8 MMBtu in Kansas. Homes built
before 1950 consumed an average of 16.1 MMBtu of natural gas for water heating, and homes built on or after 2010 consumed
18.5 MMBtu annually.

The 2020 RECS study collected data for 18,496 households, the largest sample in the program’s history. We arrived at estimates
for space heating and other end-use consumption from modeled expectations using engineering parameters. We then calibrated
the initial estimates to respondent utility billing data. End-use estimate documentation  as well as detailed tables  are available
on our RECS site.

Principal contributors: Kaili Diamond, Bill McNary

5/3/24, 3:24 PM Midwest homes, notably older homes, consume more natural gas than most other U.S. homes - U.S. Energy Information Administra…

https://www.eia.gov/todayinenergy/detail.php?id=57321&src=‹ Consumption Residential Energy Consumption Survey (RECS)-b2 2/2
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Total U.S.a

Any household 
energy 

insecurityb

Reducing or 
forgoing food 

or medicine to 
pay energy 

costs

Leaving home 
at unhealthy 
temperature

Receiving 
disconnect or 
delivery stop 

notice

Unable to use 
heating 

equipmentc

Unable to use 
air-

conditioning 
equipmentd

All homes 123.53 33.58 24.61 12.20 12.36 4.93 6.35

Census region and division
Northeast 21.92 5.54 3.82 2.38 1.84 0.79 0.84

New England 5.88 1.36 0.93 0.57 0.42 0.25 0.19
Middle Atlantic 16.04 4.17 2.89 1.81 1.43 0.54 0.65

Midwest 27.04 6.58 4.87 2.01 2.80 0.94 1.04
East North Central 18.55 4.78 3.52 1.46 2.01 0.63 0.74
West North Central 8.50 1.80 1.35 0.55 0.79 0.31 0.30

South 46.84 14.00 10.66 4.65 5.69 2.09 3.11
South Atlantic 24.84 6.58 4.99 2.26 2.68 0.96 1.50
East South Central 7.38 2.38 1.85 0.85 0.98 0.38 0.58
West South Central 14.62 5.03 3.83 1.53 2.03 0.74 1.03

West 27.72 7.46 5.25 3.16 2.02 1.12 1.36
Mountain 9.22 2.26 1.65 0.86 0.75 0.39 0.45

Mountain North 4.62 1.01 0.74 0.32 0.38 0.15 0.18
Mountain South 4.60 1.25 0.91 0.54 0.37 0.24 0.28

Pacific 18.51 5.20 3.60 2.30 1.27 0.73 0.90

Census urban/rural classificatione

Urban 100.44 28.04 20.54 10.27 10.32 3.93 5.31
Urbanized area 89.24 24.86 18.19 9.14 9.04 3.47 4.81
Urban cluster 11.20 3.18 2.35 1.13 1.28 0.45 0.50

Rural 23.09 5.54 4.06 1.93 2.04 1.01 1.03

Climate regionf

Very-cold/Cold 42.50 10.02 7.23 3.51 3.82 1.36 1.43
Mixed-humid 36.79 10.51 7.74 3.81 4.21 1.66 2.26
Mixed-dry/Hot-dry 15.06 4.75 3.41 2.05 1.29 0.77 0.98
Hot-humid 22.31 6.72 5.19 2.11 2.68 0.99 1.50
Marine 6.87 1.58 1.03 0.71 0.36 0.16 0.17

Housing unit type
Single-family detached 77.07 17.09 11.93 5.89 6.33 2.77 3.75
Single-family attached 7.45 2.10 1.57 0.80 0.76 0.25 0.34
Apartments in buildings with 2–4 
units 9.34 4.19 3.32 1.61 1.55 0.52 0.59
Apartments in buildings with 5 or 
more units 22.84 7.00 5.27 2.75 2.27 0.61 0.88
Mobile homes 6.83 3.21 2.51 1.15 1.45 0.78 0.79

Number of housing units (million)

Table HC11.1  Household energy insecurity, 2020

Households reporting…

Preliminary data release date: March 2022
Preliminary data revised release date: May 2022
Final data release date: March 2023
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Total U.S.a

Any household 
energy 

insecurityb

Reducing or 
forgoing food 

or medicine to 
pay energy 

costs

Leaving home 
at unhealthy 
temperature

Receiving 
disconnect or 
delivery stop 

notice

Unable to use 
heating 

equipmentc

Unable to use 
air-

conditioning 
equipmentd

All homes 123.53 33.58 24.61 12.20 12.36 4.93 6.35

Number of housing units (million)

Table HC11.1  Household energy insecurity, 2020

Households reporting…

Preliminary data release date: March 2022
Preliminary data revised release date: May 2022
Final data release date: March 2023

Year of construction
Before 1950 20.26 5.96 4.16 2.43 2.26 1.08 1.04
1950 to 1959 12.48 3.70 2.60 1.39 1.31 0.61 0.81
1960 to 1969 12.76 3.92 2.92 1.29 1.52 0.51 0.72
1970 to 1979 18.34 5.48 4.21 2.05 1.97 0.69 0.94
1980 to 1989 16.30 4.52 3.32 1.82 1.72 0.74 0.89
1990 to 1999 17.16 4.08 3.02 1.31 1.51 0.66 0.92
2000 to 2009 16.16 3.61 2.66 1.11 1.22 0.38 0.75
2010 to 2015 5.53 1.34 1.01 0.47 0.52 0.16 0.21
2016 to 2020 4.56 0.96 0.72 0.33 0.33 0.09 0.06

Main heating fuel and equipment
Natural gas 62.71 15.28 10.80 5.33 5.45 1.99 2.99
Electricity 42.57 13.21 10.02 4.64 5.20 1.61 2.45
Fuel oil or kerosene 4.93 1.19 0.79 0.54 0.45 0.30 0.18
Propane 5.21 1.15 0.90 0.42 0.35 0.28 0.13
Wood 2.25 0.52 0.38 0.27 0.14 0.18 0.10
Some other fuelg Q Q Q Q Q N N
Does not use heating equipment 5.79 2.21 1.71 1.00 0.76 0.57 0.49

Main heating equipment (including 
all fuels)
Central warm-air furnace 74.42 18.55 13.51 6.13 7.23 2.59 3.71
Heat pump 16.13 4.17 3.27 1.34 1.59 0.37 0.73
Steam or hot water system 9.29 2.40 1.53 1.09 0.72 0.39 0.37
Ductless heat pump (mini-split) 1.06 0.29 0.18 0.10 Q Q Q
Built-in electric units 7.65 2.47 1.80 1.06 0.84 0.22 0.32
Built-in oil or gas room heater 3.49 1.33 1.04 0.52 0.40 0.27 0.18
Portable electric heaters 3.03 1.54 1.16 0.68 0.57 0.31 0.38
Heating stove burning wood 1.94 0.45 0.31 0.23 0.11 0.16 0.08
Some other equipment 0.74 0.16 0.11 Q 0.07 Q Q
Does not use heating equipment 5.79 2.21 1.71 1.00 0.76 0.57 0.49

Air-conditioning equipment
Uses air-conditioning equipment 109.51 28.48 21.00 9.97 10.70 4.03 5.70
Does not use air-conditioning 
equipment 14.02 5.10 3.61 2.23 1.66 0.90 0.65

Main type of air-conditioning 
equipment used 
Central air-conditioning equipment 
(including central heat pump) 82.69 18.37 13.50 5.91 7.05 2.37 3.75
Ductless heat pump (mini-split) 1.76 0.34 0.19 0.14 0.14 0.08 0.10
Window or wall air conditioner 21.43 8.43 6.36 3.33 3.13 1.38 1.52
Portable air conditioner 2.68 0.96 0.66 0.41 0.29 0.16 0.23
Evaporative or swamp cooler 0.95 0.38 0.29 0.18 0.09 Q 0.09
Does not use air-conditioning 
equipment 14.02 5.10 3.61 2.23 1.66 0.90 0.65
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Total U.S.a

Any household 
energy 

insecurityb

Reducing or 
forgoing food 

or medicine to 
pay energy 

costs

Leaving home 
at unhealthy 
temperature

Receiving 
disconnect or 
delivery stop 

notice

Unable to use 
heating 

equipmentc

Unable to use 
air-

conditioning 
equipmentd

All homes 123.53 33.58 24.61 12.20 12.36 4.93 6.35

Number of housing units (million)

Table HC11.1  Household energy insecurity, 2020

Households reporting…

Preliminary data release date: March 2022
Preliminary data revised release date: May 2022
Final data release date: March 2023

Adequacy of insulation
Well insulated 34.34 6.58 4.90 2.00 2.17 0.74 1.07
Adequately insulated 64.27 15.34 11.13 4.80 5.60 1.77 2.89
Poorly insulated 21.29 9.80 7.17 4.48 3.98 2.01 2.00
No insulation 3.63 1.85 1.41 0.92 0.61 0.41 0.38

Type of glass in windows
Single-pane glass 43.51 15.97 11.93 6.07 6.24 2.61 3.03
Double-pane glass 77.95 17.25 12.44 5.93 6.04 2.27 3.25
Triple-pane glass 2.07 0.35 0.24 0.20 0.07 Q 0.07

Number of household members
1 member 33.59 8.52 6.07 3.66 2.62 1.07 1.20
2 members 45.31 9.56 6.70 3.64 3.15 1.26 1.86
3 members 18.27 5.87 4.42 1.85 2.18 0.95 1.02
4 members 15.56 5.08 3.91 1.61 2.10 0.69 1.09
5 members 6.44 2.45 1.93 0.75 1.22 0.52 0.62
6 or more members 4.37 2.08 1.59 0.68 1.09 0.45 0.56

2020 annual household income
Less than $5,000 4.48 2.60 2.10 1.11 1.19 0.50 0.54
$5,000 to $9,999 4.01 2.25 1.87 0.85 0.78 0.38 0.32
$10,000 to $19,999 10.25 4.80 3.86 2.12 1.86 0.82 0.88
$20,000 to $39,999 24.07 9.56 7.54 3.60 3.46 1.52 1.97
$40,000 to $59,999 19.61 5.74 4.22 1.75 2.25 0.83 1.14
$60,000 to $99,999 27.71 5.57 3.56 1.57 1.94 0.56 0.92
$100,000 to $149,999 16.54 1.84 1.01 0.68 0.62 0.20 0.34
$150,000 or more 16.86 1.22 0.44 0.52 0.26 0.14 0.24

Payment method for energy bills
All paid by household 112.70 30.36 22.29 10.92 11.57 4.43 5.89
Some paid by household; some 
included in rent or condo fee 4.34 1.01 0.57 0.47 0.18 0.13 0.12
All included in rent or condo fee 0.72 0.16 0.13 Q Q Q Q
Some other method 5.77 2.04 1.61 0.74 0.60 0.35 0.31

Householder 60 or olderh

Yes 52.11 10.00 6.93 4.38 2.77 1.41 1.89
No 71.42 23.57 17.67 7.81 9.59 3.53 4.46

Children under 18 in household
Yes 34.58 12.88 10.02 3.97 5.90 2.25 2.81
No 88.95 20.69 14.59 8.22 6.46 2.69 3.54

Ethnicity of householderh

Hispanic or Latino 13.99 6.57 5.14 2.40 2.24 0.92 1.19
Not Hispanic or Latino 109.54 27.01 19.47 9.79 10.12 4.02 5.15
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Total U.S.a

Any household 
energy 

insecurityb

Reducing or 
forgoing food 

or medicine to 
pay energy 

costs

Leaving home 
at unhealthy 
temperature

Receiving 
disconnect or 
delivery stop 

notice

Unable to use 
heating 

equipmentc

Unable to use 
air-

conditioning 
equipmentd

All homes 123.53 33.58 24.61 12.20 12.36 4.93 6.35

Number of housing units (million)

Table HC11.1  Household energy insecurity, 2020

Households reporting…

Preliminary data release date: March 2022
Preliminary data revised release date: May 2022
Final data release date: March 2023

Race of householderh,i

White alone 99.99 23.17 16.78 8.47 8.02 3.23 4.28
Hispanic or Latino 12.04 5.52 4.43 2.02 1.87 0.76 1.00
Not Hispanic or Latino 87.94 17.66 12.35 6.44 6.15 2.47 3.28

Black or African American alone 12.95 6.73 5.21 2.26 3.37 1.23 1.42
Hispanic or Latino 0.63 0.35 0.26 0.11 0.14 Q Q
Not Hispanic or Latino 12.32 6.39 4.95 2.15 3.23 1.16 1.34

Asian alone 6.06 1.53 1.03 0.75 0.21 0.18 0.26
American Indian or Alaska Native 
alone 1.08 0.56 0.41 0.17 0.19 0.11 0.07
Native Hawaiian or Other Pacific 
Islander alone 0.35 0.15 0.12 Q Q Q Q
More than one race 3.10 1.43 1.06 0.51 0.53 0.18 0.31

Ownership of housing unitj

Owned 82.92 16.92 11.76 5.99 5.49 2.84 3.83
Rented 40.61 16.66 12.84 6.20 6.87 2.09 2.52

Data source: U.S. Energy Information Administration, Office of Energy Demand and Integrated Statistics, Form EIA-457A of the 2020 Residential Energy Consumption 
Survey
Notes:  Because of rounding, data may not sum to totals.  See RECS Terminology for the definitions of terms used in these tables.
a Total U.S. includes all primary occupied housing units in the 50 states and the District of Columbia. Vacant housing units, seasonal units, second homes, military 
houses, and group quarters are excluded.
b Household energy insecurity as defined in this table includes only those issues collected as part of the RECS questionnaire. Other factors, such as energy costs as a 
percentage of household income, could be considered as household energy insecurity, but they are not included here. Respondents may report more than one 
energy insecurity issue.
c Includes inability to use main heating equipment at any time during the previous 12 months because equipment was broken and household could not have it 
repaired or because of an electricity, natural gas, or bulk fuel disruption due to lack of payment.
d Includes inability to use air-conditoning equipment at any time during the previous 12 months because equipment was broken and household could not have it 
repaired or because of an electricity disruption due to lack of payment.
e Housing units are classified using criteria created by the U.S. Census Bureau based on 2010 Census data. Urbanized areas are densely settled groupings of blocks or 
tracts with 50,000 or more people, while urban clusters have at least 2,500 but less than 50,000 people. All other areas are rural.
f The Building America program, sponsored by the U.S. Department of Energy’s Office of Energy Efficiency and Renewable Energy (EERE), created these climate 
regions. We combined climate regions for this publication. The Subarctic region is included with data for Very-cold/Cold . 
g Some other fuel  includes coal and district steam.
h These characteristics refer to the householder that completed the RECS questionnaire.  
i Householders could select more than one racial category to describe themselves. These householders are only included as more than one race .        
j Rent  includes households that occupy their primary housing units without paying rent.
Q = Data withheld because either the relative standard error (RSE) was greater than 50% or fewer than 10 households were in the reporting sample.
N = No households in reporting sample.
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Total U.S.a

Any household 
energy 

insecurityb

Reducing or 
forgoing food 

or medicine to 
pay energy 

costs

Leaving home 
at unhealthy 
temperature

Receiving 
disconnect or 
delivery stop 

notice

Unable to use 
heating 

equipmentc

Unable to use 
air-

conditioning 
equipmentd

All homes 0.00 1.48 1.68 2.95 2.35 4.71 3.79

Census region and division        
Northeast 0.00 3.56 4.13 6.07 6.16 9.84 10.27

New England 0.00 5.77 7.28 9.85 9.23 12.82 14.71
Middle Atlantic 0.00 4.24 5.42 7.30 7.51 13.71 12.03

Midwest 0.00 3.40 3.87 8.01 5.28 11.21 10.42
East North Central 0.00 4.36 4.92 9.72 6.54 14.35 11.87
West North Central 0.00 5.18 6.51 10.33 9.43 13.04 14.80

South 0.00 2.23 2.82 4.89 3.91 6.45 5.75
South Atlantic 0.00 3.09 4.14 6.40 5.97 11.56 8.70
East South Central 0.00 4.29 5.16 9.23 8.09 12.79 9.84
West South Central 0.00 3.58 4.40 8.03 5.92 8.90 10.43

West 0.00 3.08 3.60 5.25 7.22 10.20 8.59
Mountain 0.00 4.39 5.77 6.98 8.96 12.59 12.52

Mountain North 0.00 6.84 8.75 14.06 11.87 20.81 22.24
Mountain South 0.00 5.78 7.47 9.10 12.50 17.31 13.78

Pacific 0.00 3.88 4.93 6.73 10.61 12.75 11.55

Census urban/rural classificatione        
Urban 0.28 1.64 1.86 2.97 2.53 5.07 4.14

Urbanized area 0.42 1.73 2.02 3.10 2.61 5.38 4.30
Urban cluster 2.74 4.40 4.96 7.41 8.45 14.67 12.43

Rural 1.23 3.69 4.12 6.53 6.31 8.22 10.26

Climate regionf        
Very-cold/Cold 0.54 2.85 3.05 4.91 4.34 7.34 8.42
Mixed-humid 0.77 2.60 3.06 4.39 4.78 7.43 4.97
Mixed-dry/Hot-dry 1.23 3.83 4.65 6.77 10.22 12.47 9.73
Hot-humid 0.69 3.31 4.11 7.33 6.45 9.36 9.80
Marine 2.39 6.89 9.12 11.96 17.90 25.49 22.07

Housing unit type        
Single-family detached 0.00 1.98 2.35 3.96 3.46 5.48 4.38
Single-family attached 0.00 4.81 5.60 8.32 10.09 14.23 10.48
Apartments in buildings with 2–4 
units 0.00 3.33 4.34 6.97 6.57 13.24 14.47
Apartments in buildings with 5 or 
more units 0.00 3.34 3.79 6.36 6.56 14.38 11.20
Mobile homes 0.00 3.72 4.29 9.09 7.20 12.69 11.62

Relative standard errors (RSEs) for Table HC11.1  Household energy insecurity, 2020

RSEs for number of housing units

Households reporting…

Preliminary data release date: March 2022
Preliminary data revised release date: May 2022
Final data release date: March 2023
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Total U.S.a

Any household 
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insecurityb

Reducing or 
forgoing food 

or medicine to 
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Receiving 
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delivery stop 

notice

Unable to use 
heating 

equipmentc

Unable to use 
air-
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All homes 0.00 1.48 1.68 2.95 2.35 4.71 3.79

Relative standard errors (RSEs) for Table HC11.1  Household energy insecurity, 2020

RSEs for number of housing units

Households reporting…

Preliminary data release date: March 2022
Preliminary data revised release date: May 2022
Final data release date: March 2023

Year of construction        
Before 1950 0.00 3.30 4.19 6.46 5.75 10.61 9.10
1950 to 1959 0.00 4.19 6.08 8.61 7.46 10.67 9.50
1960 to 1969 0.00 4.14 4.48 9.24 7.95 17.92 11.29
1970 to 1979 0.00 3.42 3.93 6.59 6.05 10.54 9.18
1980 to 1989 0.00 3.91 4.93 8.28 7.48 12.00 12.11
1990 to 1999 0.00 4.28 5.70 8.40 8.04 11.94 10.79
2000 to 2009 0.00 4.06 4.77 6.48 7.04 12.89 8.55
2010 to 2015 2.84 7.65 8.15 12.82 11.41 22.47 23.67
2016 to 2020 3.44 8.41 9.76 17.28 17.84 31.68 38.55

Main heating fuel and equipment        
Natural gas 0.77 2.27 2.76 4.29 4.24 7.44 6.03
Electricity 0.92 2.58 2.86 5.11 4.50 7.04 6.06
Fuel oil or kerosene 3.50 6.55 8.84 11.41 10.60 14.77 19.42
Propane 3.76 6.56 8.18 13.04 13.95 15.52 20.75
Wood 4.88 12.07 14.74 16.94 25.56 19.57 30.82
Some other fuelg 35.67 72.54 72.54 100.21 100.21 0.00 0.00
Does not use heating equipment 4.41 6.90 8.09 10.48 12.61 14.38 16.27

Main heating equipment (including 
all fuels)        
Central warm-air furnace 0.58 1.99 2.54 4.10 3.41 5.41 5.65
Heat pump 1.83 4.81 5.36 8.70 7.50 14.97 9.98
Steam or hot water system 2.89 5.69 6.94 9.55 11.56 14.15 18.96
Ductless heat pump (mini-split) 8.94 18.01 22.92 30.98 35.58 49.83 34.66
Built-in electric units 2.83 5.18 6.94 8.66 10.55 20.67 18.70
Built-in oil or gas room heater 5.37 8.72 9.32 14.19 14.85 22.57 23.20
Portable electric heaters 6.15 7.96 9.69 13.87 14.27 19.40 17.21
Heating stove burning wood 5.46 13.28 16.27 19.09 29.55 20.65 34.22
Some other equipment 9.92 23.68 26.08 38.14 34.34 72.36 59.59
Does not use heating equipment 4.41 6.90 8.09 10.48 12.61 14.38 16.27

Air-conditioning equipment        
Uses air-conditioning equipment 0.35 1.56 1.88 3.19 2.64 5.20 4.19
Does not use air-conditioning 
equipment 2.70 4.57 5.30 6.46 7.52 10.46 12.23

Main type of air-conditioning 
equipment used        
Central air-conditioning equipment 
(including central heat pump) 0.55 2.15 2.56 3.69 3.48 6.66 5.51
Ductless heat pump (mini-split) 6.82 16.41 24.75 26.09 25.44 35.89 31.27
Window or wall air conditioner 2.04 3.42 3.77 5.94 4.73 8.72 7.96
Portable air conditioner 5.77 9.94 12.04 15.71 17.91 26.17 22.01
Evaporative or swamp cooler 8.39 13.74 15.89 22.07 29.78 43.85 34.82
Does not use air-conditioning 
equipment 2.70 4.57 5.30 6.46 7.52 10.46 12.23
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Total U.S.a

Any household 
energy 

insecurityb

Reducing or 
forgoing food 

or medicine to 
pay energy 

costs

Leaving home 
at unhealthy 
temperature

Receiving 
disconnect or 
delivery stop 

notice

Unable to use 
heating 

equipmentc

Unable to use 
air-

conditioning 
equipmentd

All homes 0.00 1.48 1.68 2.95 2.35 4.71 3.79

Relative standard errors (RSEs) for Table HC11.1  Household energy insecurity, 2020

RSEs for number of housing units

Households reporting…

Preliminary data release date: March 2022
Preliminary data revised release date: May 2022
Final data release date: March 2023

Adequacy of insulation        
Well insulated 1.43 3.18 3.68 7.83 7.15 11.89 9.46
Adequately insulated 0.76 2.27 2.66 4.53 3.47 7.37 6.25
Poorly insulated 1.85 2.77 3.03 4.48 3.95 6.82 6.40
No insulation 5.49 7.91 10.41 10.49 12.96 15.82 14.62

Type of glass in windows        
Single-pane glass 1.08 2.49 2.63 4.47 3.58 5.73 5.59
Double-pane glass 0.61 2.07 2.54 3.51 3.65 6.48 4.93
Triple-pane glass 6.23 14.32 17.90 16.67 35.12 43.76 31.00

Number of household members        
1 member 1.25 3.50 4.02 5.22 6.01 10.96 7.59
2 members 1.15 2.90 3.25 6.02 5.36 8.72 6.73
3 members 1.87 3.48 4.24 7.61 7.28 11.00 9.03
4 members 2.08 4.33 4.46 8.60 7.47 10.87 9.67
5 members 4.12 6.99 7.31 10.87 9.69 13.18 13.96
6 or more members 4.58 6.51 6.77 11.44 10.16 13.43 13.42

2020 annual household income        
Less than $5,000 4.63 5.93 6.19 9.47 9.96 11.38 16.00
$5,000 to $9,999 5.53 6.62 6.83 12.73 10.98 15.92 17.35
$10,000 to $19,999 3.21 4.60 5.41 6.47 7.50 12.63 10.19
$20,000 to $39,999 1.98 3.04 3.54 5.16 5.11 8.20 6.62
$40,000 to $59,999 1.83 3.78 4.52 7.77 6.78 10.67 9.89
$60,000 to $99,999 1.58 4.04 5.78 6.74 6.35 12.77 9.09
$100,000 to $149,999 1.83 6.17 9.28 9.92 12.78 19.80 15.20
$150,000 or more 1.93 7.80 15.35 14.00 17.10 25.03 17.29

Payment method for energy bills        
All paid by household 0.27 1.53 1.71 3.02 2.63 4.83 3.94
Some paid by household; some 
included in rent or condo fee 4.78 10.62 15.20 14.64 28.02 25.91 39.81
All included in rent or condo fee 12.26 23.06 26.85 37.80 66.02 100.26 58.26
Some other method 4.08 6.27 7.63 12.01 12.34 21.34 17.31

Householder 60 or olderh        
Yes 0.94 3.32 4.08 4.99 5.06 7.77 6.70
No 0.69 1.88 2.00 3.51 2.65 5.67 4.68

Children under 18 in household        
Yes 1.29 2.71 2.53 4.58 3.92 5.84 6.20
No 0.50 2.23 2.62 4.00 3.75 6.09 5.26

Ethnicity of householderh        
Hispanic or Latino 2.50 3.87 4.08 7.49 7.01 9.58 8.84
Not Hispanic or Latino 0.32 1.65 2.03 3.48 2.60 5.47 4.35
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Total U.S.a

Any household 
energy 

insecurityb

Reducing or 
forgoing food 

or medicine to 
pay energy 

costs

Leaving home 
at unhealthy 
temperature

Receiving 
disconnect or 
delivery stop 

notice

Unable to use 
heating 

equipmentc

Unable to use 
air-

conditioning 
equipmentd

All homes 0.00 1.48 1.68 2.95 2.35 4.71 3.79

Relative standard errors (RSEs) for Table HC11.1  Household energy insecurity, 2020

RSEs for number of housing units

Households reporting…

Preliminary data release date: March 2022
Preliminary data revised release date: May 2022
Final data release date: March 2023

Race of householderh,i        
White alone 0.37 1.68 1.83 3.66 3.00 5.72 4.92

Hispanic or Latino 2.92 4.20 4.18 8.74 7.50 11.40 10.30
Not Hispanic or Latino 0.48 2.07 2.51 4.38 3.28 6.78 5.53

Black or African American alone 2.23 3.33 3.92 7.37 4.66 7.95 7.15
Hispanic or Latino 14.07 18.56 22.01 30.94 27.72 43.37 39.78
Not Hispanic or Latino 2.34 3.60 4.16 7.39 4.57 7.60 6.94

Asian alone 3.04 8.62 10.97 11.92 23.06 23.27 16.46
American Indian or Alaska Native 
alone 9.55 14.40 18.39 22.78 22.93 37.28 35.36
Native Hawaiian or Other Pacific 
Islander alone 15.09 24.25 27.51 64.83 51.73 100.38 68.71
More than one race 4.87 7.05 8.25 16.34 11.92 22.68 18.98

Ownership of housing unitj        
Owned 0.42 2.17 2.48 3.88 3.96 5.34 4.64
Rented 0.86 2.18 2.59 3.93 3.04 7.47 6.24

Data source: U.S. Energy Information Administration, Office of Energy Demand and Integrated Statistics, Form EIA-457A of the 2020 Residential Energy Consumption 
Survey
Notes: See RECS Terminology for the definitions of terms used in these tables.
a Total U.S. includes all primary occupied housing units in the 50 states and the District of Columbia. Vacant housing units, seasonal units, second homes, military 
houses, and group quarters are excluded.
b Household energy insecurity as defined in this table includes only those issues collected as part of the RECS questionnaire. Other factors, such as energy costs as a 
percentage of household income, could be considered as household energy insecurity, but they are not included here. Respondents may report more than one 
energy insecurity issue.
c Includes inability to use main heating equipment at any time during the previous 12 months because equipment was broken and household could not have it 
repaired or because of an electricity, natural gas, or bulk fuel disruption due to lack of payment.
d Includes inability to use air-conditoning equipment at any time during the previous 12 months because equipment was broken and household could not have it 
repaired or because of an electricity disruption due to lack of payment.
e Housing units are classified using criteria created by the U.S. Census Bureau based on 2010 Census data. Urbanized areas are densely settled groupings of blocks or 
tracts with 50,000 or more people, while urban clusters have at least 2,500 but less than 50,000 people. All other areas are rural.
f The Building America program, sponsored by the U.S. Department of Energy’s Office of Energy Efficiency and Renewable Energy (EERE), created these climate 
regions. We combined climate regions for this publication. The Subarctic region is included with data for Very-cold/Cold . 
g Some other fuel  includes coal and district steam.
h These characteristics refer to the householder that completed the RECS questionnaire.  
i Householders could select more than one racial category to describe themselves. These householders are only included as more than one race .        
j Rent  includes households that occupy their primary housing units without paying rent.

U-21291 
Ex.FLO-219 
Page 8 of 8



WHO 
HOUSING 

AND HEALTH 
GUIDELINES

U-21291 
Ex.FLO-220 

Page 1 of 172



U-21291 
Ex.FLO-220 

Page 2 of 172



WHO 
HOUSING 

AND HEALTH 
GUIDELINES

U-21291 
Ex.FLO-220 

Page 3 of 172



WHO Housing and health guidelines

ISBN 978-92-4-155037-6

© World Health Organization 2018

Some rights reserved. This work is available under the Creative Commons Attribution-NonCommercial-ShareAlike 
3.0 IGO licence (CC BY-NC-SA 3.0 IGO; https://creativecommons.org/licenses/by-nc-sa/3.0/igo). 

Under the terms of this licence, you may copy, redistribute and adapt the work for non-commercial purposes, 
provided the work is appropriately cited, as indicated below. In any use of this work, there should be no suggestion 
that WHO endorses any specific organization, products or services. The use of the WHO logo is not permitted. If you 
adapt the work, then you must license your work under the same or equivalent Creative Commons licence. If you 
create a translation of this work, you should add the following disclaimer along with the suggested citation: “This 
translation was not created by the World Health Organization (WHO). WHO is not responsible for the content or 
accuracy of this translation. The original English edition shall be the binding and authentic edition”.

Any mediation relating to disputes arising under the licence shall be conducted in accordance with the mediation 
rules of the World Intellectual Property Organization.

Suggested citation. WHO Housing and health guidelines. Geneva: World Health Organization; 2018. Licence:  
CC BY-NC-SA 3.0 IGO. 

Cataloguing-in-Publication (CIP) data. CIP data are available at http://apps.who.int/iris.

Sales, rights and licensing. To purchase WHO publications, see http://apps.who.int/bookorders. To submit requests 
for commercial use and queries on rights and licensing, see http://www.who.int/about/licensing.

Third-party materials. If you wish to reuse material from this work that is attributed to a third party, such as 
tables, figures or images, it is your responsibility to determine whether permission is needed for that reuse and to 
obtain permission from the copyright holder. The risk of claims resulting from infringement of any third-party-owned 
component in the work rests solely with the user.

General disclaimers. The designations employed and the presentation of the material in this publication do not 
imply the expression of any opinion whatsoever on the part of WHO concerning the legal status of any country, 
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. Dotted and 
dashed lines on maps represent approximate border lines for which there may not yet be full agreement. 

The mention of specific companies or of certain manufacturers’ products does not imply that they are endorsed 
or recommended by WHO in preference to others of a similar nature that are not mentioned. Errors and omissions 
excepted, the names of proprietary products are distinguished by initial capital letters.

All reasonable precautions have been taken by WHO to verify the information contained in this publication. 
However, the published material is being distributed without warranty of any kind, either expressed or implied. 
The responsibility for the interpretation and use of the material lies with the reader. In no event shall WHO be liable 
for damages arising from its use. 

Editorial consultant: Vivien Stone, Etchingham, UK

Design and layout: L’IV Com Sàrl

Printed in Switzerland

U-21291 
Ex.FLO-220 

Page 4 of 172

https://creativecommons.org/licenses/by-nc-sa/3.0/igo
https://creativecommons.org/licenses/by-nc-sa/3.0/igo
http://apps.who.int/iris
http://apps.who.int/iris
http://apps.who.int/bookorders
http://apps.who.int/bookorders
http://www.who.int/about/licensing
http://www.who.int/about/licensing


Contents iii

Contents
Foreword. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii

Acknowledgements.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix

Abbreviations and acronyms. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xiv

Executive summary.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xv

	 Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1	 Housing and health. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

1.1.1	 WHO approach to healthy housing.. . . . . . . . . . . . . . . . . . . . . 2
1.1.2	 Key health risks related to housing.. . . . . . . . . . . . . . . . . . . . 2
1.1.3	 Prevalence of poor housing conditions. . . . . . . . . . . . . . . . . . 4
1.1.4	 Burden of disease associated with housing. . . . . . . . . . . . . . 5

1.2	 WHO Housing and health guidelines. . . . . . . . . . . . . . . . . . . . . . . . 6
1.2.1	 Objectives and rationale for developing the WHO Housing  

and health guidelines.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.2.2	 Target audience. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.2.3	 Scope.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1.2.4	 Co-benefits. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
1.2.5	 Social determinants, housing and health. . . . . . . . . . . . . . . 10

	 Guideline development process.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.1	 Contributors to the guidelines. . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

2.1.1	 WHO Steering Group.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.1.2	 Guideline Development Group. . . . . . . . . . . . . . . . . . . . . . . . 14
2.1.3	 External Review Group.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.1.4	 Systematic review.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

2.2	 Identification of priority questions and critical outcomes.. . . . . . 15
2.3	 Evidence identification and retrieval. . . . . . . . . . . . . . . . . . . . . . . 15
2.4	 Quality assessment and grading of the evidence.. . . . . . . . . . . . . 16
2.5	 Formulation of recommendations. . . . . . . . . . . . . . . . . . . . . . . . . 17
2.6	 Decision-making during the GDG meetings.. . . . . . . . . . . . . . . . . 19
2.7	 Declaration of interests by external contributors. . . . . . . . . . . . . 19
2.8	 Document preparation and peer review.. . . . . . . . . . . . . . . . . . . . 20

U-21291 
Ex.FLO-220 

Page 5 of 172



WHO Housing and health guidelinesiv

	 Household crowding. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
3.1	 Guideline recommendation.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
3.2	 Summary of evidence. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

3.2.1	 Infectious diseases.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
3.2.2 Non-infectious health disorders.. . . . . . . . . . . . . . . . . . . . . . 27

3.3 Considerations for implementation of the guideline 
recommendation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

3.4 Research recommendations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

	 Low indoor temperatures and insulation. . . . . . . . . . . . . . . . . . . . . . 31
4.1	 Guideline recommendations.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
4.2	 Summary of evidence. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

4.2.1	 Respiratory morbidity and mortality. . . . . . . . . . . . . . . . . . . 35
4.2.2	 Cardiovascular morbidity and mortality: blood pressure.. . 36
4.2.3	 Insulation and weatherization. . . . . . . . . . . . . . . . . . . . . . . . 37

4.3	 Considerations for implementation of the guideline 
recommendations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

4.4	 Research recommendations.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

	 High indoor temperatures.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
5.1	 Guideline recommendation.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
5.2	 Summary of evidence. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

5.2.1	 Temperature and morbidity. . . . . . . . . . . . . . . . . . . . . . . . . . 49
5.2.2	 High temperature and mortality. . . . . . . . . . . . . . . . . . . . . . 50
5.2.3	 Relationship between indoor and outdoor temperature.. . . 51

5.3	 Considerations for implementation of the guideline 
recommendation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

5.4	 Research recommendations.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

	 Injury hazards. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
6.1	 Guideline recommendation.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
6.2	 Summary of evidence. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

6.2.1	 Smoke detectors.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
6.2.2	 Stair and safety gates.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
6.2.3	 Window guards. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
6.2.4	 Fireplace guards, stoves and unprotected hot surfaces.. . . 60
6.2.5	 Home safety modification programmes. . . . . . . . . . . . . . . . 61
6.2.6	 Association between the number of hazards in the  

home and the incidence of injuries. . . . . . . . . . . . . . . . . . . . 62

U-21291 
Ex.FLO-220 

Page 6 of 172



Contents v

6.3	 Considerations for implementation of the guideline 
recommendation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

6.4	 Research recommendations.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

	 Housing accessibility.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
7.1	 Guideline recommendation.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
7.2	 Summary of evidence. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

7.2.1	 Activities of daily living.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
7.2.2	 Falls/injuries.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
7.2.3	 Mortality. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
7.2.4	 Quality of life.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
7.2.5	 Psychological effects. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
7.2.6	 Participation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

7.3	 Considerations for implementation of the guideline 
recommendation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

7.4	 Research recommendations.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

	 WHO guidelines for other key housing risk factors. . . . . . . . . . . . . . 75
8.1	 Water. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

8.1.1	 WHO Guidelines for drinking-water quality.. . . . . . . . . . . . . 77
8.2	 Air quality.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

8.2.1	 WHO Guidelines for indoor air quality.. . . . . . . . . . . . . . . . . 90
8.2.2	 WHO Guidelines for ambient air quality. . . . . . . . . . . . . . . . 94

8.3	 Tobacco smoke. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
8.3.1	 WHO Guidelines for indoor air quality: selected  

pollutants (2010).. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
8.3.2	 Protection from exposure to second-hand tobacco  

smoke: policy recommendations (2007). . . . . . . . . . . . . . . . 96
8.4	 Noise. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

8.4.1	 WHO Guidelines for noise.. . . . . . . . . . . . . . . . . . . . . . . . . . . 97
8.5	 Asbestos.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

8.5.1	 WHO Guidelines and recommendations for the use of 
asbestos. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101

8.6	 Lead. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
8.6.1	 WHO Guidelines and recommendations for lead. . . . . . . . 103

8.7	 Radon.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
8.7.1 WHO Handbook on indoor radon (2009).. . . . . . . . . . . . . . . 105

8.8	 Additional WHO guidance related to housing.. . . . . . . . . . . . . . . 107

U-21291 
Ex.FLO-220 

Page 7 of 172



WHO Housing and health guidelinesvi

	 Implementation of the WHO Housing and health guidelines. . . . . . 109
9.1	 Health in All Policies and housing. . . . . . . . . . . . . . . . . . . . . . . . 111
9.2	 Co-benefits from multifactorial interventions.. . . . . . . . . . . . . . 113
9.3	 Economic considerations for improving housing conditions.. . . 115
9.4	 Training needs.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
9.5	 Dissemination. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
9.6	 Monitoring and evaluation: assessing the impact of the  

guidelines.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118

	 Updating and expanding the guidelines.. . . . . . . . . . . . . . . . . . . . . . 120

References.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122

Photo credits. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149

Web annex A. 
Report of the systematic review on the effect of household crowding 
on health (WHO/CED/PHE/18.02; http://apps.who.int/iris/bitstream/
handle/10665/275838/WHO-CED-PHE-18.02-eng.pdf)

Web annex B. 
Report of the systematic review on the effect of indoor cold on 
health (WHO/CED/PHE/18.03; http://apps.who.int/iris/bitstream/
handle/10665/275839/WHO-CED-PHE-18.03-eng.pdf)

Web annex C. 
Report of the systematic review on the effect of insulation against cold 
on health (WHO/CED/PHE/18.04; http://apps.who.int/iris/bitstream/
handle/10665/275840/WHO-CED-PHE-18.04-eng.pdf)

Web annex D. 
Report of the systematic review on the effect of indoor heat on 
health (WHO/CED/PHE/18.05; http://apps.who.int/iris/bitstream/
handle/10665/275842/WHO-CED-PHE-18.05-eng.pdf)

Web annex E. 
Report of the systematic review on the relationship between hazards in 
the home and injuries (WHO/CED/PHE/18.06; http://apps.who.int/iris/
bitstream/handle/10665/275843/WHO-CED-PHE-18.06-eng.pdf)

Web annex F. 
Report of the systematic review on potential benefits of accessible 
home environments for people with functional impairments (WHO/CED/
PHE/18.07; http://apps.who.int/iris/bitstream/handle/10665/275844/WHO-
CED-PHE-18.07-eng.pdf)

Web annex G.
Estimation of minimal risk and maximum acceptable temperatures for 
selected cities (WHO/CED/PHE/18.08; http://apps.who.int/iris/bitstream/
handle/10665/275874/WHO-CED-PHE-18.08-eng.pdf)
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Foreword

T
he quality of housing has major implications for people’s health. Housing 
in cities is of particular concern, with the world’s urban population 
predicted to double by 2050 and, with it, the demand for housing. In 

both developed and developing countries, improving housing conditions and 
reducing health risks in the home is thus critically important. 

Improved housing conditions can save lives, reduce disease, increase quality 
of life, reduce poverty, help mitigate climate change and contribute to the 
achievement of a number of Sustainable Development Goals, including those 
addressing health (SDG 3) and sustainable 
cities (SDG 11). Housing is therefore a 
major entry point for intersectoral 
public health programmes and primary 
prevention.

Ensuring everyone lives in healthy and safe dwellings has implications 
for national, regional and local governments, which set overall standards 
and determine the legal context for housing construction and renovation. 
With these guidelines, WHO provides evidence-based recommendations on 
conditions and interventions that promote healthy housing, and facilitates 
leadership in enabling health and safety considerations to underpin housing 
regulations.

By focusing on a sector, as opposed to a specific health risk, intervention, 
activity or policy, the guidelines combine existing WHO guidance on housing 
issues with new evidence-based recommendations. This provides accessible 
guidance, which will enable health considerations to inform housing, energy, 
community development, and urban development policies.

These guidelines will support country partners to develop tools and strategies 
for translating normative housing standards into national action. WHO will 
further strengthen its work with a broad network of international partners, 
including: WHO country and regional offices; ministries of health; ministries 
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of building and construction; WHO collaborating centres; other United Nations 
agencies, particularly the United Nations Human Settlement Programme 
(UN-Habitat); and nongovernmental organizations. 

Raising housing standards is a key pathway for providing healthy housing 
conditions and improving health and well-being for all.

Dr Tedros Adhanom Ghebreyesus 
Director-General
World Health Organization
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Executive summary

Improved housing conditions can save lives, prevent disease, increase 
quality of life, reduce poverty, help mitigate climate change and contribute 
to the achievement of the Sustainable Development Goals (SDGs), including 
those addressing health (SDG 3) and sustainable cities (SDG 11). Housing is 
becoming increasingly important to health due to demographic and climate 
changes. The world’s urban population is expected to double by 20501 and will 
require housing solutions. The world’s population aged over 60 years of age, 
who tend to spend more time at home, will also double by 2050.2 Changing 
weather patterns, associated with climate change, underline the importance 
of housing providing protection from cold, heat and other extreme weather 
events in order to promote resilient communities.

Housing can expose people to a number of health risks. As discussed in the 
WHO Housing and health guidelines (HHGL), structurally deficient housing 
increases the likelihood that people slip or fall, increasing the risk of 
injury. Poor accessibility to their house puts disabled and elderly people 
at risk of injury, stress and isolation. Housing that is insecure, sometimes 
due to affordability issues or weak security of tenure, is stressful. Housing 
that is difficult or expensive to heat contributes to poor respiratory and 
cardiovascular outcomes, while high indoor temperatures can cause heat-
related illnesses and increase cardiovascular mortality. Indoor air pollution 
is connected to a wide range of noncommunicable disease outcomes, harms 
respiratory and cardiovascular health, and may trigger allergic and irritant 
reactions, such as asthma. Crowded housing increases the risk of exposure 
to infectious disease. Inadequate water supply and sanitation facilities affect 
food safety and personal hygiene, and therefore lead to the development of 
communicable diseases. 

The quality and environmental context of housing are some of the main 
dimensions of environmental inequalities. Poor housing conditions are one of 
the mechanisms through which social and environmental inequality translates 
into health inequality, which further affects quality of life and well-being.

1	 Habitat III. Revised zero draft of the New Urban Agenda. Quito: United Nations; 2016.
2	 World report on ageing and health. Geneva: World Health Organization; 2015.
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In response to the above, the HHGL bring together the most recent evidence 
to provide practical recommendations to reduce the health burden due to 
unsafe and substandard housing conditions. They provide new guidance and 
recommendations relevant to inadequate living space (crowding), low and 
high indoor temperatures, injury hazards in the home, and accessibility of 
housing for people with functional impairments. In addition, the guidelines 
identify and summarize existing WHO guidelines and recommendations 
related to housing, with respect to water quality, air quality, neighbourhood 
noise, asbestos, lead, tobacco smoke and radon. 

Drawing on a broad range of newly commissioned, or recently published, 
systematic reviews of the scientific literature, the guidelines apply strict 
criteria for assessing the quality of available evidence and its suitability 
for developing recommendations. The recommendations focus particular 
attention on reducing risk factors, while also recognizing the importance 
of key interventions. They encompass general considerations for policy and 
good practice recommendations for addressing health problems. The quality 
of the evidence is rated based on the risk of bias (and other quality features) 
in the included studies, inconsistency of results, indirectness, imprecision 
and other factors deemed relevant. Table 1 presents the new guidelines’ 
recommendations. 

The guidelines aim at informing housing policies and regulations at the 
national, regional and local level on the impact of housing on health. 
Therefore, the main target audience for the guidelines is policy-makers who 
are responsible for housing-related policies and regulations, enforcement 
measures, and initiating intersectoral collaboration that seeks to support 
healthy housing from a government perspective. 

The guidelines are also intended to be relevant in the daily activities of 
implementing actors such as government agencies, architects, builders, 
housing providers, developers, engineers, urban planners, industry regulators, 
financial institutions, as well as social services, community groups, and 
public health professionals. These stakeholders are directly involved in the 
construction, maintenance and demolition of housing in ways that influence 
human health and safety. 
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While the guidelines provide global recommendations, their implementation 
and prioritization will vary depending on local contexts and will require 
national, regional and local adaptation. As a result, implementing the 
guidelines entails political will and coordination between different levels of 
governance: local, state and central governments; government departments; 
the health, private, nongovernmental and community sectors; and support and 
input from international development and finance organizations. It requires 

Topic Recommendation
Strength of 
recommendation

Crowding Strategies should be developed and implemented to prevent 
and reduce household crowding.

Strong

Indoor cold 
and insulation

Indoor housing temperatures should be high enough to protect 
residents from the harmful health effects of cold. For countries 
with temperate or colder climates, 18 ˚C has been proposed 
as a safe and well-balanced indoor temperature to protect the 
health of general populations during cold seasons.

Strong

In climate zones with a cold season, efficient and safe thermal 
insulation should be installed in new housing and retrofitted in 
existing housing.

Conditional

Indoor heat In populations exposed to high ambient temperatures, 
strategies to protect populations from excess indoor heat 
should be developed and implemented.

Conditional

Home safety 
and injuries

Housing should be equipped with safety devices (such as smoke 
and carbon monoxide alarms, stair gates and window guards) 
and measures should be taken to reduce hazards that lead to 
unintentional injuries. 

Strong

Accessibility Based on the current and projected national prevalence of 
populations with functional impairments and taking into 
account trends of ageing, an adequate proportion of the 
housing stock should be accessible to people with functional 
impairments.

Strong

Table 1  Recommendations of the WHO Housing and health guidelines
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taking into account the need to address the social determinants of health, 
empower communities, tackle social and health inequalities, align local and 
global actors, and monitor.

WHO is preparing web-based guidance and tools that build on the evidence 
used to inform these guidelines and will work with Member States to support 
the implementation process through its regional and country offices. 

U-21291 
Ex.FLO-220 

Page 20 of 172



Introduction



U-21291 
Ex.FLO-220 

Page 21 of 172



WHO Housing and health guidelines2

	 Introduction

The WHO Housing and health guidelines (HHGL) provide evidence-based 
recommendations for healthy housing conditions and interventions. This 
chapter introduces the WHO approach to healthy housing, outlines the key 
risks to health associated with the housing environment, and assesses the 
burden of disease associated with housing. Subsequently, the objectives, 
rational, target audience, scope, and co-benefits of the HHGL are introduced, 
as well as the relationship between the social determinants of health, housing 
and health.

1.1	 Housing and health

1.1.1	 WHO approach to healthy housing

Healthy housing is shelter that supports a state of complete physical, mental 
and social well-being. Healthy housing provides a feeling of home, including 
a sense of belonging, security and privacy. Healthy housing also refers to 
the physical structure of the dwelling, and the extent to which it enables 
physical health, including by being structurally sound, by providing shelter 
from the elements and from excess moisture, and by facilitating comfortable 
temperatures, adequate sanitation and illumination, sufficient space, safe fuel 
or connection to electricity, and protection from pollutants, injury hazards, 
mould and pests. Whether housing is healthy also depends on factors outside 
its walls. It depends on the local community, which enables social interactions 
that support health and well-being. Finally, healthy housing relies on the 
immediate housing environment, and the extent to which this provides access 
to services, green space, and active and public transport options, as well as 
protection from waste, pollution and the effects of disaster, whether natural 
or man-made (1).

1.1.2	 Key health risks related to housing

Exposures and health risks in the home environment are critically important 
because of the large amount of time people spend there. In high-income 
countries, around 70% of people’s time is spent inside their home (2). In 

U-21291 
Ex.FLO-220 

Page 22 of 172



1 • Introduction 3

some places, including where unemployment levels are higher, and where 
more people are employed in home-based industries, this percentage is even 
higher (3). Children, the elderly, and those with a disability or chronic illness 
are likely to spend most of their time at home, and are therefore more exposed 
to health risks associated with housing (2). Children are also at increased risk 
of the harms from some of the toxins that are present in some housing, such 
as those in lead paint (4).

Housing will become increasingly important to health due to demographic 
and climate changes. The number of people aged over 60 years of age, who 
spend a larger proportion of their time at home, will double by 2050 (5). The 
changing weather patterns associated with climate change also underline 
the importance of housing providing protection from cold, heat and extreme 
weather events (6).

Poor housing can expose people to several health risks. For example, 
structurally deficient housing, due to poor construction or maintenance, can 
increase the likelihood that people slip or fall, increasing the risk of injury. 
Poor accessibility to homes may expose their disabled and elderly residents 
to the risk of injury, stress and isolation. Housing that is insecure, sometimes 
due to affordability issues or weak security of tenure, is stressful. Housing 
that is difficult or expensive to heat can contribute to poor respiratory and 
cardiovascular outcomes, while high indoor temperatures can increase 
cardiovascular mortality. Indoor air pollution harms respiratory health and 
may trigger allergic and irritant reactions, such as asthma. Crowded housing 
increases the risk of exposure to infectious disease and stress. Inadequate 
water supply and sanitation facilities affect food safety and personal hygiene. 
Urban design that discourages physical activity contributes to obesity and 
related conditions, such as diabetes, and poor mental and cardiovascular 
health. Unsafe building materials or building practices, or building homes in 
unsafe locations, can expose people to a range of risks, such as injury due 
to building collapse.

Housing in slums (the preferred term of UN-Habitat) and informal housing 
pose particular risks to health. Currently, around 1 billion people live in slum 
conditions today (7), which often develop due to exclusion from planning 
processes. According to UN-Habitat, a “slum household” is a group of 
individuals under the same roof, in an urban area, lacking one or more of 
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the following: durable housing (housing which fails to provide shelter from 
the elements); sufficient living space; security of tenure; sanitation and 
infrastructure; and access to improved (uncontaminated) water sources. 
Slum dwellers are therefore exposed to many of the risks associated with 
housing, such as structurally defective dwellings, inadequate housing 
facilities and overcrowding, but also face particular health risks from poor 
sanitation and unsafe electric connections, toxic building materials, unvented 
cooking facilities, and unsafe infrastructure, including roads. In addition, 
such settlements are sometimes in locations that are more likely to expose 
occupants to hazards such as landslides, floods and industrial pollution. In 
relation to well-being, the lack of legal title to homes is stressful and can 
expose slum dwellers to the risk of forced eviction (8). 

Slums and informal settlements often house migrants, refugees and internally 
displaced persons. More people are on the move now than ever before. 
There are an estimated 1 billion migrants in the world today: 250 million 
international migrants, and 763 million internal migrants. This number 
includes 65 million people, who have been forcibly displaced and require 
urgent housing solutions (9). 

1.1.3	 Prevalence of poor housing conditions

Large numbers of people live in poor housing conditions. For example, 6% of 
households in Latin America and the Caribbean (compared with 0.4% in the 
European Union) have more than three people per room (10). Some 9% of the 
global population has no access to an improved (uncontaminated) drinking-
water source. Nearly half of all people using poor quality or contaminated 
drinking-water sources live in sub-Saharan Africa, while one fifth live in 
South Asia (11). In addition, 41% of the world’s population cook and heat their 
housing using open fires and simple stoves that burn solid fuels. These result 
in polluted indoor air (12) and inadequate ventilation.

Globally, many houses have structural defects. For example, 15% of the 
European population live in housing with a leaking roof, or damp walls, 
floors or foundations, or rot in window frames, floors and other structural 
elements (13). Almost 20% report that their housing did not protect them 
against excessive heat during summer, while 13% report that their housing 
was not comfortably warm during winter (13). In the United Kingdom, 72% of 
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adults with mobility problems reported that the entry to their housing was not 
properly accessible (14). In the United States of America, 5.2% of the housing 
stock is classified as inadequate, having either severe or moderate physical 
problems such as deficiencies in heating, plumbing or upkeep (15).

1.1.4	 Burden of disease associated with housing

Health conditions related to housing present an important health burden. 
Some of this is attributable to poor access to water and poor indoor 
environmental quality. Water, sanitation and hygiene (WASH) were responsible 
for 829 000 deaths from diarrhoeal disease worldwide in 2016. This constitutes 
1.9% of the global burden of disease measured as disability-adjusted life 
years (DALYs)  (16). In 2016, 3.8 million deaths globally were attributable to 
household air pollution from the use of solid fuels for cooking, almost all 
of which occurred in low- and middle-income countries (17). About 15% of 
new childhood asthma in Europe can be attributed to indoor dampness, 
representing over 69  000 potentially avoidable DALYs and 103 potentially 
avoidable deaths every year (18).

Housing also contributes to the burden of disease through exposing people 
to dangerous substances or hazards, or to infectious diseases. For example, 
almost 110 000 people die every year in Europe as a result of injuries at home 
or during leisure activities, and a further 32 million require hospital admission 
because of such injuries (19). In Europe, it has been estimated that 7500 deaths 
and 200  000 DALYs are attributable to lack of window guards and smoke 
detectors (18). Approximately 10% of hospital admissions per year in New 
Zealand are attributable to household crowding (20). In 2012, India recorded 
over 2600 deaths and 850 of various injuries resulting from the collapse of over 
2700 buildings (21). In Kyrgyzstan, household crowding causes 18.13 deaths 
per 100 000 from tuberculosis (TB) per year (18). Exposure to lead is estimated 
to have caused 853 000 deaths in 2013 (22). 

While everyone can be exposed to the risks associated with unhealthy 
housing, people with low incomes and vulnerable groups are more likely to 
live in unsuitable or insecure housing, or to be denied housing altogether (23). 
Inequalities associated with housing are discussed later in this chapter. 
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1.2	 WHO Housing and health guidelines 

1.2.1	 Objectives and rationale for developing the WHO 
Housing and health guidelines

The impact of housing on health and the prevalence of poor housing conditions 
around the world, as presented in section 1.1, justify the need for globally 
acceptable and practical guidelines that will ensure healthy housing and 
human safety. The underlying principle of such guidelines is for housing to 
give adequate protection from all potential hazards prevailing in the local 
environment. This principle should apply to both the existing housing stock 
and newly constructed dwellings. Although a number of housing and health 
regulatory frameworks and guidelines exist, they are not comprehensively 
coordinated to address all aspects of housing, human health and safety. For 
instance, WHO has guidelines for indoor air quality or water and sanitation but 
there is a lack of comprehensive, international housing and health guidelines 
highlighting that these can be a fundamental way of improving population 
health (1). While improving housing may not be the top policy priority in all 
countries, reliable global guidance for shaping current and future policy is 
the first step to protect people living in a range of climatic conditions from 
unhealthy housing. This is a critical public health priority. The improvements 
recommended by these guidelines relate to a large array of housing aspects, 
including vital infrastructure, the physical dwelling, the use of the dwelling, 
and the location of the dwelling. They must be viewed alongside each other 
so that policy-makers can make the most of co-benefits and synergies, while 
avoiding trade-offs (24). Large benefits in cost–effectiveness would arise from 
addressing the health risks associated with housing simultaneously and this 
approach is in line with WHO’s intersectoral work to create health-promoting 
environments (25–28). 

These HHGL add to existing WHO guidelines by providing evidence-based 
recommendations on healthy housing conditions and interventions that are 
not covered by the other guidelines, and by summarizing those relevant to 
housing and health. As sectoral guidelines, they represent a proactive step 
forward, highlighting the need to address the health risks associated with 
housing through a systems approach. By their nature, land use and building 
regulations act to address multiple risks, including structures and heating 
systems, as well as hazard avoidance. These HHGL, by providing access to 
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the science on minimizing multiple health risks associated with housing, will 
be an important resource for Member States.

Implementing the HHGL will support the achievement of the Sustainable 
Development Goals (SDGs), including SDG 3 to ensure healthy lives and 
promote well-being for all age groups and SDG 11 to make cities and human 
settlements inclusive, safe, resilient and sustainable (29). The HHGL will also 
be influential for ensuring availability of sanitation for all at household level 
(SDG 6), meeting targets for renewable energy and energy efficiency (SDG 7) 
and taking action to mitigate climate change (SDG 13) (30). The importance 
of the sectoral approach has been recently emphasized in the New Urban 
Agenda for sustainable urban development established at Habitat III (31). 

The HHGL contribute towards ensuring Member States meet their obligations 
regarding the human right to adequate housing. This right to adequate 
housing is recognized in international human rights laws as a component 
of the right to an adequate standard of living, enshrined in the Universal 
Declaration of Human Rights (adopted in 1948) and the International Covenant 
on Economic, Social and Cultural Rights (adopted in 1966). For housing to 
be adequate, the following seven criteria must be met: security of tenure; 
availability of services, materials, facilities and infrastructure; affordability; 
habitability; accessibility; location; and cultural adequacy (32, 33). Thus, the 
HHGL will inform regulations that aim to address and fulfil the above criteria 
of adequate housing. While the HHGL provide global recommendations, their 
implementation and prioritization will vary by local context and will require 
national and local adaptation.

1.2.2	 Target audience

The main target audience for the guidelines is policy-makers who are 
responsible for housing-related policies and regulations, enforcement 
measures, and initiating intersectoral collaborations that seek to support 
healthy housing from a government perspective. 

The guidelines are also of direct relevance to the daily work of implementing 
actors such as government agencies, architects, builders, housing providers, 
developers, engineers, urban planners, industry regulators, financial 
institutions, as well as social services, community groups, and public health 
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professionals. These stakeholders are ultimately required to ensure that 
housing is built, maintained, renovated, used and demolished in ways that 
support health. 

1.2.3	 Scope

As already noted, “healthy housing” is associated with several factors, inside 
and outside the home. The HHGL do not address all possible risk factors 
related to housing but focus on priority areas that have not yet been addressed 
by existing WHO guidelines and where robust evidence is available. These 
were identified by the Guideline Development Group (GDG) established for 
this work (see Chapter 2).

The priority areas addressed by the HHGL are as follows: 
•	 inadequate living space (crowding) (Chapter 3)
•	 low indoor temperatures (Chapter 4)
•	 high indoor temperatures (Chapter 5)
•	 injury hazards in the home (Chapter 6)
•	 accessibility of housing for people with functional impairments  

(Chapter 7).

In addition to the above, existing WHO guidelines and recommendations 
related to housing are identified and summarized in Chapter 8 to cover the 
following issues:
•	 water quality (section 8.1)
•	 air quality (section 8.2)
•	 tobacco smoke (section 8.3)
•	 noise (section 8.4)
•	 asbestos (section 8.5)
•	 lead (section 8.6)
•	 radon (section 8.7).

Guidance on other aspects of housing and buildings that relate to health – 
including pests, food safety and ventilation – are listed in section 8.8. Despite 
the range of issues covered, the list of relevant elements is not exhaustive. 
For instance, there are still a number of housing risk factors (such as lighting, 
height of ceilings and buildings, electric security, housing surroundings and 
fuel poverty) that have not been covered in the HHGL at this time. WHO is 
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planning to continue investigating and working on other housing-related risk 
factors to health and to provide future guidance. At the same time, the HHGL 
do not distinguish between permanent housing and housing that is intended 
to be temporary, such as emergency shelter arrangements. However, the 
GDG recognizes that implementing the HHGL is likely to be more challenging 
in informal and emergency housing and will require different priorities, 
depending on the context. General implementation considerations and WHO’s 
role in supporting these are discussed in Chapter 9. Important supplementary 
guidance relevant to emergency shelter arrangements are further provided 
by the Sphere Project (34). Homelessness, which is the most extreme denial 
of the right to adequate housing, is not discussed as part of the HHGL (35).

1.2.4	 Co-benefits 

Co-benefits arise from addressing the key health risks associated with 
housing. In many cases, a dwelling poses multiple risks to healthy housing. 
For example, a house may have poor indoor air quality, be cold, and have 
multiple injury hazards. Housing risks should therefore be viewed holistically 
and as components of an inter-related system in order to take advantages of 
the co-benefits presented by different interventions. For example, correcting 
structural defects reduces the risk of injury, improves thermal comfort, and 
reduces exposure to outdoor pollutants. 

Housing interventions can also have indirect co-benefits for health. Improving 
thermal insulation, weatherization and ventilation, and installing energy-
efficient heating (Chapters 4 and 5) can improve indoor temperatures that 
support health, while also lowering expenditure on energy (24, 36) and reducing 
carbon emissions (37). 

Improving housing conditions also supports other positive social outcomes. 
As discussed in Chapter 3, reducing crowding supports good health outcomes, 
but also contributes to improved educational outcomes, as children are able 
to study more effectively (38). Improving thermal comfort through installing 
insulation and heating reduces days off school and work (39). Improving 
housing can also create jobs and stimulate investment (40). Therefore, 
addressing health risks associated with housing is likely to particularly benefit 
low-income and vulnerable groups, as these groups are more likely to live in 
inadequate housing. 
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In recent years, some countries have instituted new “green” standards 
for construction practices. These standards are aimed at addressing the 
design, location, and site of housing; promote water conservation and 
energy efficiency; encourage the use of building materials beneficial to the 
environment; and promote healthy living conditions (41). Some green housing 
elements that are typically included in such standards are associated with 
health outcomes, including: energy efficient heating; improved ventilation; 
building materials free from formaldehyde, lead and asbestos; sound 
insulation; and no carpets in kitchens and bathrooms (42).

The HHGL aim to ensure that occupants of green housing also enjoy health 
benefits (18, 43). Studies of green and energy efficient housing improvements and 
their influence on health have recently been comprehensively reviewed (44, 45).

1.2.5	 Social determinants, housing and health

Choices of housing types, quality, size and location are shaped by a number of 
economic, social and demographic factors. These factors affect the features 
that the house will provide to its occupants (e.g. durability, building materials, 
accessibility etc.) and whether they can afford the cost of operating and 
maintaining it. The cost of maintaining and operating a house is of importance 
to human health and safety and includes: the purchase of safe drinking-
water and of electricity or other fuel for heating the home (27). Transport 
infrastructure can also be considered as an operational aspect of housing 
affordability, because it influences how much people need to pay to travel 
between their homes and work and other places.3 

Globally, across low-, middle- and high-income countries, low-income earners 
are more likely to live in housing that exposes them to health risks. For 
example, in Cambodia, toilet facilities are only available to 29% of households 
in the lowest income quintile, compared with 79% of households in the highest 
income quintile (47, 48). In Guatemala, 89% of the lowest income quintile have 
dirty floors, compared with 4% of the highest income quintile (49–51). In the 
United States of America, repeated hospitalizations for childhood asthma are 

3	 Under the Right to Adequate Housing, it is understood that housing is not affordable if its cost threatens or 
compromises the occupants’ enjoyment of other human rights; housing cannot be considered affordable 
if a household spends more than 30% of its disposable income on rent, operation, and maintenance costs 
(33, 46).
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correlated with residing in the census tract areas with the highest proportion 
of crowded housing conditions, the largest number of racial minorities and 
the highest neighbourhood-level poverty (18, 52, 53).

This inequality in housing conditions goes beyond whether people are rich or 
poor. In some countries certain groups, including indigenous people, minority 
populations, single parent families, disabled people and women, are more 
likely to live in unsuitable housing (54–57). 

Poor health outcomes in turn can contribute to poor economic outcomes. 
Poor health can be expensive, because of the costs of treating illnesses. In 
addition, poor health can affect people’s capacity to earn or save money (58). 
This creates a cycle between poor health and poor household, local and 
national economic outcomes. At the same time, housing that is expensive 
relative to income can affect health, in particular for people on low incomes. 
High housing costs can compel people to cut back on other essentials that are 
connected to health, including food, energy and health care (59–61). Difficulty 
with paying rent and mortgage costs exposes people to risks of eviction and 
foreclosure (62), and increases the likelihood that people have to move often 
(35, 63, 64). These factors – eviction, foreclosure and residential mobility – have 
each been associated with adverse educational and economic effects and poor 
health outcomes (62, 65, 66).

Interventions that create healthy homes can help to break this cycle by 
improving health and broader social and economic outcomes, yielding 
important benefits for decades into the future. These housing-related 
interventions need to be complemented by policy interventions relating to 
education, employment, transport, child care, health systems, taxation, 
wages, benefit levels and job security. Each of these factors can affect incomes 
and thus affect people’s ability to pay for housing that keeps them healthy (27). 
Providing affordable housing can help people to afford housing that fits their 
needs while improving their health (67, 68). Affordable housing, such as public 
housing, can be promoted through funding a supply of affordable dwellings, 
or through providing subsidies, such as housing vouchers or tax mechanisms 
(e.g. low-income housing tax credits) (68, 69).
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	Guideline development 
process

2.1	 Contributors to the guidelines

2.1.1	 WHO Steering Group 

The WHO Steering Group (SG) has been involved in all stages of planning the 
HHGL, review of evidence and all rounds of consultation on revisions following 
peer review. Their inputs were provided through face-to-face meetings and 
email.

2.1.2	 Guideline Development Group 

The GDG was made up of people with content expertise in all areas covered 
by the HHGL, including relevant experience from low- and middle-income 
countries and expertise in evidence-based guideline development (see 
Acknowledgements for names and affiliations). GDG selection also took into 
consideration the need to ensure gender balance and regional diversity. The 
members of the GDG, under the guidance of the guideline methodologist, 
worked together to define key questions, priorities and systematic review 
methods, served as authors of HHGL chapters (including drafting and 
determining the strength of the recommendations), and responded to external 
peer review comments. Specified GDG members served as chair, co-chair 
and rapporteurs. 

2.1.3	 External Review Group 

External reviewers were drawn from subject experts, implementing agencies 
and partners working on various aspects of policy to improve health 
outcomes related to housing to form the External Review Group (ERG) (see 
Acknowledgements for names and affiliations). External reviewers were asked 
to conduct a thorough peer review of the final guidelines’ text and comment 
on the evidence reviews and the final recommendations. 
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2.1.4	 Systematic review

Systematic reviews of the evidence on the effects of the prioritized interventions 
and exposures related to crowding, indoor temperature, accessibility and 
injury hazards were commissioned (see Acknowledgements for names and 
affiliations).

2.2	 Identification of priority questions and critical 
outcomes

Following discussions with the GDG at the first meeting in Washington (DC) 
on 9–11 April 2013, a set of priority topics was identified for these guidelines. 
This took account of areas of healthy housing that have been covered in other, 
recent WHO guidelines in order to avoid unnecessary duplication. The priority 
topics demonstrated the need for a series of distinct systematic reviews of 
the effects of the relevant interventions or exposures: crowding, low indoor 
temperatures, insulation, high indoor temperatures, injury hazards, and 
housing accessibility. It was recognized that the breadth of the topics covered 
by these systematic reviews meant that different approaches would be needed, 
and that there would be relatively little, if any, overlap in their included studies 
and their conduct (e.g. search strategies). Therefore, a mixture of research 
groups was engaged to form the systematic review teams.

The questions to be addressed by each review were agreed by the WHO 
Secretariat, the SG and the GDG. These were converted into a PICO or PECO 
format to show the population, intervention (or exposure), comparator and 
outcome as the four elements to be considered in the systematic review 
of the evidence (70). In order to focus the reviews, and their subsequent 
recommendations, the GDG prioritized the outcomes to be assessed. They 
ranked the relative importance of a series of health outcomes on a scale 
from 1 (not important for these guidelines) to 9 (critical) based on their own 
expert knowledge. The mean scores were calculated and the highest ranked 
outcomes for each review were included in its PICO or PECO.

2.3	 Evidence identification and retrieval

Having agreed on the scope and eligibility criteria for each of the six 
systematic reviews, the systematic review teams, in consultation with 
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the WHO Secretariat and guideline methodologist, used dedicated search 
strategies to systematically provide evidence on the effects of the prioritized 
interventions or exposures. The searches were conducted in 2015 and updated 
in 2018. GDG members and experts from the specific areas for each review 
were asked to suggest potentially eligible studies to help inform the design 
and implementation of the searches. Evidence on the effects of interventions 
(e.g. insulation and safety devices) stemmed mainly from randomized trials 
and non-randomized comparative studies (as necessary), while observational 
designs, such as case-control or cohort studies, were the most relevant 
designs for studies investigating the effects of exposures (e.g. crowding and 
heat). 

The WHO Secretariat, designated members of the GDG and the methodologist 
worked together to develop the methods used for each review. The format for 
the reports of the systematic reviews was agreed with the WHO Secretariat, 
drawing on experience from previous systematic reviews for WHO guidelines. 
This included the inclusion of key elements for each review, such as the PICO 
or PECO used to define the scope of the review, the search strategy, methods, 
a table showing the characteristics of each included study and their quality, 
and an assessment of the overall quality of the evidence for the effects on each 
prioritized outcome using GRADE (Grading of Recommendations Assessment, 
Development and Evaluation) evidence profile tables (see the reviews for 
examples). A timeline was developed for the submission of the draft and final 
versions of the reviews to allow time for discussion with, and feedback from, 
the WHO Secretariat and members of the GDG. 

Given the substantial differences in topic areas for the reviews, search 
strategies specific to each review were developed, tested and implemented by 
the systematic review teams. Details of these searches, including the number 
of retrieved records and the flow of these through the review process, are 
provided in the report for each systematic review. 

2.4	 Quality assessment and grading of the evidence

Each systematic review team used appropriate instruments to assess the 
quality and risk of bias of each study included in their review. This allowed a 
tailored approach to the quality assessment of the eligible studies for each 
review. It also allowed an overall assessment of the quality and relevance 
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of the body of evidence for each review. Details of the methods used and 
the assessments are provided in the report of each review. The evidence 
gathered for the effects of an intervention or exposure on the prioritized 
health outcomes was assessed using the GRADE approach. This led to 
the categorization of the quality of evidence for each outcome as “high”, 
“moderate”, “low” or “very low”, based on the risk of bias (and other 
quality features) in the included studies, along with inconsistency of results, 
indirectness, imprecision and other factors deemed relevant. 

These assessments provided a starting point for the GDG when using the 
evidence on the health effects of interventions and exposures to develop the 
specific recommendations for the HHGL. 

Where possible, the systematic reviews included information on potential 
disadvantages as well as advantages of the proposed interventions. This, along 
with the expert knowledge of the GDG, was used to incorporate information 
on the feasibility, harms, acceptability and cost–benefit considerations during 
the development of the recommendations. 

The systematic reviews are available online at http://www.who.int/sustainable-
development/publications/housing-health-guidelines/en/index.html.

2.5	 Formulation of recommendations

The recommendations were formulated in two GDG meetings. The first took 
place face-to-face in Morges (Switzerland) on 13–15 July 2015, while the 
second took place by online video conference on 29 May 2018. The interval 
between the two meetings and the need for the second meeting was due to 
the time needed to assess the strength of the evidence as a whole, to update 
the systematic reviews and to draft the guidelines. For both meetings, the 
systematic reviews and GRADE evidence profile tables were shared with 
members of the GDG in advance. They were also discussed in preliminary 
teleconferences and other correspondence between the designated 
members of the GDG, the WHO Secretariat, systematic review teams and 
the methodologist. This led to the preparation of draft recommendations, 
which, together with the systematic reviews (in particular the summaries of 
evidence for the effects of the interventions or exposures on the prioritized 
health outcomes and the information on the quality of the evidence), were 
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used by the GDG, WHO Secretariat and methodologist as a basis for discussing 
and agreeing the recommendations for each topic. The evidence from the 
systematic reviews was supplemented by the wide range and depth of 
experience across the GDG and, for instance, this information supported the 
assignment of the “trivial” categorization for the undesirable effects of some 
interventions, as detailed in the evidence to decision (EtD) tables.

The EtD framework for public health was used to derive and formulate the 
recommendations. Each recommendation was defined as either “strong” or 
“conditional”, based on the relevant systematic review and evidence- and 
expert-opinion informed considerations of the balance between benefits 
and harms, values and preferences, equity, acceptability, feasibility and 
resource implications for the implementation of the recommendation. Strong 
recommendations communicate the message that they are based confidently 
on the evidence that the desirable effects of adherence to the recommendation 
outweigh the undesirable consequences. Conditional recommendations 
are less certain about the balance between the benefits and harms or 
disadvantages of implementing a recommendation.

The values and preferences of relevant stakeholders were taken into 
consideration when making the recommendations. This included considering 
the perspectives of both the private and public sectors involved in housing 
as well as the implications of the recommendations for individuals. The 
applicability and feasibility of the implementation of the recommendations 
in different geographical settings and countries with different income 
levels and housing needs and standards further influenced the formulation 
of recommendations. While the HHGL are global in nature, with the 
recommendations providing evidence-based guidance on how to ensure 
healthy housing, the GDG recognizes that not all recommendations will be 
implementable to the same extent and at the same time in all contexts. The 
implementation of the HHGL recommendations will require prioritization 
to best meet a country’s most urgent needs, which can subsequently be 
expanded to longer term commitments to work gradually towards a full 
implementation. 

The GDG also considered resource use, which was not a standard feature 
of the studies available in the systematic reviews of health outcomes, 
but was available in some cases (25, 71). The GDG discussions covered the 
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perspectives of members of the public who might be the individual payers 
for some interventions (e.g. smoke alarms, retrofitted house insulation, and 
home improvements for better accessibility), as well as governments, other 
parts of the public sector and the private sector who might be responsible 
for larger scale investments (e.g. to improve the housing stock generally) or 
actions (e.g. to introduce legislation around housing safety). Details of such 
considerations are provided in the EtD tables.

2.6	 Decision-making during the GDG meetings

The technical consultations were guided by a preset protocol, allowing 
participants to discuss the draft recommendations where necessary; each 
of the pre-drafted recommendations was revised through group discussion. 
The final recommendations were agreed on unanimously by the GDG; only the 
recommendation on cold was adopted through a majority vote. Any concerns 
expressed about the adopted strength of a recommendation are noted in 
the guidelines. WHO staff, the guideline methodologist and observers at 
the meetings were not eligible to vote. If an issue to be voted upon involved 
research (including systematic reviews) conducted by any member of the 
GDG who had declared a conflict of interest, the members in question would 
be allowed to participate in the discussion, but excluded from the final vote 
on that particular issue.

2.7	 Declaration of interests by external contributors 

In accordance with WHO policy, all members of the GDG and ERG were 
required to complete and submit a WHO declaration of interest form. The WHO 
Secretariat, with support of the SG, reviewed and assessed the declarations 
submitted by each member and agreed on an approach to assess potential 
conflicts of interest. 

A briefing was provided at the beginning of the first GDG meeting in Washington 
(DC) (April 2013) on the nature of all types of competing interests (i.e. financial, 
academic/intellectual and non-academic). Each member of the GDG was 
asked to discuss and declare to the meeting any conflicts they may have. 

All appointed members of the GDG and the ERG completed the WHO 
declaration of interest forms and no conflicts of interest were declared.
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2.8	 Document preparation and peer review

The first draft recommendations from July 2015 were used as the basis for 
drafting the chapters of the HHGL. The draft chapters were prepared by the 
WHO Secretariat, designated members of the GDG and the methodologist, 
before being circulated to the GDG and the ERG as a whole for revision and 
approval. The WHO Secretariat used external reviewer comments to make 
suggested revisions to these initial drafts and further revisions and review 
took place of the revised draft in June 2018. The reviewers’ comments and any 
suggested changes to the recommendations were then circulated to the GDG 
and SG for final agreement. No disagreement was expressed by reviewers.
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	Household crowding

Household crowding is a condition where the number of occupants exceeds 
the capacity of the dwelling space available, whether measured as rooms, 
bedrooms or floor area, resulting in adverse physical and mental health 
outcomes (72, 73). Crowding is a result of a mismatch between the dwelling 
and the household. The level of crowding relates to the size and design of 
the dwelling, including the size of the rooms, and to the type, size and needs 
of the household, including any long-term visitors. Whether a household is 
“crowded” depends not only on the number of people sharing the dwelling, but 
on their age, their relationship and their sex. For example, a dwelling might be 
considered crowded if two adults share a bedroom, but not crowded if those 
adults are in a relationship (74–76). Crowding relates to the conditions of the 
dwelling as well as the space it provides: people may crowd into particular 
rooms in their home to avoid cold or uninhabitable parts of the dwelling or 
to save on heating and other costs (54).

The effects of crowding can be broadly defined as the hazards associated 
with inadequate space within the dwelling for living, sleeping and household 
activities (77). Crowding is considered to be stressful to health and well-being 
across different cultures and aspects of life in low-, middle- and high-income 
countries (78). Several studies have reported a direct association between 
crowding and adverse health outcomes, such as infectious disease and mental 
health problems. In addition, researchers have connected crowding to poor 
educational attainment (79). 

Worldwide, crowding is often a marker of poverty and social deprivation 
(80, 81). It has been identified by the United Nations as one of five deprivations 
that suggest an informal settlement should be characterized as a slum (82). 
Crowded households are also often exposed to housing risks discussed in 
other chapters in the HHGL. For example, the income constraints that compel 
people to live in dwellings with inadequate space for their needs (78) can also 
mean that such households struggle to afford housing that is in good repair 
or to heat homes sufficiently (83, 84). In addition, crowding increases exposure 
to risk factors associated with home injury, social tensions and exposure to 
second-hand tobacco smoke (SHS) (85, 86).
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In order to establish clear guidance on minimizing the health risks associated 
with crowding, a systematic review of the evidence was commissioned. 

Question for the systematic review
In the general population exposed to household crowding, what is the 
exposure-response relationship between exposure to crowding and the 
proportion of persons with poorer health compared with the population not 
exposed to household crowding? 

The systematic review focused on the following priority health outcomes: 
•	 close-contact infectious diseases 
•	 gastroenteritis and diarrhoeal diseases
•	 mental health, including psychological stress
•	 sleep disturbance.

3.1	 Guideline recommendation 

Recommendation Strength of recommendation

Strategies should be developed and 
implemented to prevent and reduce  
household crowding.

Strong

Remarks
•	 Each Member State should choose an appropriate way to measure the 

amount of crowding in a household, including a threshold that can be used 
to define a household as “crowded”.

•	 Implementing agencies can draw on a range of existing measures of 
crowding (also described as “overcrowding”) to determine a measure 
appropriate to their context (see Table 3.1). Specific guidance exists for 
emergency shelters (87).4 

•	 While the prevalence of infectious diseases varies between countries, the 
evidence of an association between crowding and adverse health effects 
is such that implementing agencies should work to reduce crowding 
regardless of the local prevalence of specific infectious diseases.

4	 Following United Nations High Commissioner for Refugees (UNHCR) standards, emergency shelters 
located at public buildings are recommended to have 4.5–5.5 m2 per evacuee (refugee) in cold climates, as 
residents remain inside the shelters during daytime (87). 
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UN-Habitat

Overcrowding occurs if there are more than three people per habitable room (88).

American Crowding Index

Crowding occurs if there is more than one person per room; severe crowding occurs if there are more than 1.5 
persons per room (excluding bathrooms, balconies, porches, foyers, hall-ways and half-rooms) (89).

Argentinian National Institute of Statistics and Censuses 

Overcrowding represents the quotient between the total number of people in the home and the total 
number of rooms or pieces of the same (90).
Households with critical overcrowding are considered those with more than three people per room 
(excluding the kitchen and bathroom) (91).

Canadian National Occupancy Standard

Overcrowding occurs if extra bedrooms are required to ensure that each of the following have their own 
bedroom:
•	 cohabiting adult couple
•	 lone parent
•	 unattached household member aged 18 years or over
•	 same sex pair of children aged under 18 years
•	 each additional boy or girl in the household (unless there are two opposite sex children under 5 years, 

in which case they can share a bedroom) (75).

British Bedroom Standard

Overcrowding occurs if extra bedrooms are required to ensure that each of the following have their own 
bedroom:
•	 cohabiting adult couple
•	 person aged over 21 years
•	 same sex pair of children aged 10–20 years
•	 two children aged less than 10 years
•	 two children where one is aged 10–20 and one is aged less than 10 years
•	 any other person aged under 21 years that is not paired under one of the preceding categories (76).

Eurostat

Overcrowding occurs if the household does not have at its disposal a minimum number of rooms equal to:
•	 one room for the household
•	 one room per couple in the household
•	 one room for each single person aged 18 years or more
•	 one room per pair of single people of the same gender between 12–17 years
•	 one room for each single person between 12–17 years and not included in the previous category
•	 one room per pair of children under 12 years (74).

Table 3.1  Measures of crowding
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•	 The certainty of the evidence relating to TB and other respiratory infectious 
diseases was assessed as high. The certainty of the evidence relating to 
gastroenteritis and diarrhoeal diseases, other infectious diseases and to 
mental health was assessed as moderate to high. The certainty of the 
evidence relating to sleep disorders was assessed as low. 

•	 Having considered the certainty of the evidence, the balance of benefits to 
harms related to reducing crowding, the values and preferences associated 
with reducing crowding, and the feasibility of reducing crowding, the GDG 
made a strong recommendation.

3.2	 Summary of evidence

This section summarizes the evidence from the systematic review on 
the association between crowding and infectious diseases (including TB, 
gastroenteritis and diarrhoeal diseases), mental health (including stress) and 
sleep disorders. The definitions and measures of crowding in the included 
studies varied and were, for example, based on persons per room, rooms 
per house, square meterage of living space per person, or living in single or 
multiple rooms.

The systematic review and the GRADE tables used to present the certainty 
of the evidence are available online at http://www.who.int/sustainable-
development/publications/housing-health-guidelines/en/index.html in Web 
Annex A. 

3.2.1	 Infectious diseases

When interpreting the following results, it needs to be considered that the 
relationship between crowding and infectious diseases depends on the 
background prevalence of the disease in the specific setting.

Tuberculosis (TB)
Much of the research on the association between crowding and infectious 
diseases concerns TB. 

Twenty-one studies – ten case-control (92–101), eight cross-sectional (102–109), 
two ecological (112, 110) and one retrospective cohort (111) – were identified that 
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related crowding to TB. These studies were consistent in showing that crowding 
is associated with increased risks of TB, even though the positive association 
was not statistically significant in a small number of the studies. 

Four studies investigated the effect of different levels of crowding on the 
incidence of TB (98, 99, 104, 106). In these studies, increasing numbers of persons 
per room were analysed in relation to the incidence of TB. One of these 
found a significant increase for two to four persons/room in comparison with 
one person/room but not at greater than four persons/room (104), while the 
other three studies did not show a statistically significant relationship between 
increased crowding and the incidence of TB (greater than one and half, greater 
than two, one to three, three to five persons per room) (98, 99, 106). In the two 
studies that examined an exposure-response relationship for crowding and TB, 
one found a consistent relationship (112), but the other did not (99). The 15 other 
studies used a threshold for crowding, comparing crowded with non-crowded 
households. Although crowding was not found to have a statistically significant 
association in four studies (92, 95, 97, 105), crowding was significantly associated 
with TB in each of the other 11 studies (93, 94, 96, 100–103, 107, 108, 110, 112). 

The certainty of the evidence that reducing crowding would reduce the risk 
of TB was assessed as high.

Respiratory diseases (excluding TB)
Thirty studies reporting on outcomes due to respiratory infectious diseases 
other than TB were included in the systematic review. These investigated flu-
related hospitalizations and illnesses: seven studies (113–119); pneumonia: six 
studies (120–125); acute respiratory illness: 16 studies (126–141); and respiratory 
syncytial virus: (142). The study designs included 14 cross-sectional, six case-
control, five cohort (including a randomized trial in which the intervention was 
not related to housing, which was an incidental variable) and five ecological 
studies.

Across the majority of studies on non-TB respiratory diseases, the risk of 
acquiring the diseases was associated with crowding.

The certainty of the evidence that reducing crowding would reduce the risk 
of non-TB respiratory disease was assessed as moderate to high, depending 
on the disease.
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Diarrhoea and gastroenteritis
Thirteen studies – two case-control (143, 144), seven cross-sectional (145–151) and 
four cohort (152–154, 475) – were identified that related crowding to diarrhoea or 
gastrointestinal diseases or parasites, showing that crowding appears to be 
associated with gastroenteritis and diarrhoeal diseases. Among the included 
studies, four looked at the effects of different levels of crowding (145, 147, 148, 

155). In two of the studies, the higher levels of crowding (greater than three 
or four people per room) were associated with significantly more cases of 
diarrhoea compared with the lower levels (less than two or four people per 
room) (147, 153). In two studies, the level of crowding did not significantly affect 
the number of cases of diarrhoea, but in one of these studies all levels of 
crowding were associated with the surrogate outcome of increased intestinal 
parasite infection (145). 

The certainty of the evidence that reducing crowding would reduce the risk of 
gastroenteritis and diarrhoeal diseases was assessed as high.

Other infectious diseases
Twenty-five studies investigated an association between crowding and other 
infectious diseases such as rheumatic fever and heart disease: five studies 
(156–160); typhoid fever: one study (161); meningococcal disease: seven studies 
(162–168); throat eye and skin infections: three studies (137, 169, 170); dengue 
fever: one study (171); Helicobacter pylori: one study (172); methicillin-resistant 
Staphylococcus aureus: two studies (173, 174); parasite Toxoplasma gondii: one 
study (175); Epstein Barr virus: one study (176); neonatal infections: one study 
(177); multi-drug non-susceptible enteric infections: one study (178); and risk 
factors for WASH: one study (179). Study designs included ten cross-sectional, 
nine case control, one ecological and five cohort studies. In general, the risk 
of acquiring the infectious diseases was associated with crowding.

The certainty of the evidence that reducing crowding would reduce the risk of other 
infectious diseases was assessed as moderate to low, depending on the disease.

3.2.2	 Non-infectious health disorders

Mental health including stress
Of the 13 separate studies in this category (one of which assessed two 
different mental health outcomes), eight studies reported at least one 
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significant association between household crowding and the mental health 
outcome. A prospective cohort study (180), a retrospective cohort study (181) 

and five cross-sectional studies (182–186) all reported that participants living 
in a crowded household were more likely to report a mental health problem 
than those not living in crowded conditions. These mental health concerns 
included: psychological distress, alcohol abuse, feeling depressed and feeling 
unhappy about one’s health. One cross-sectional study further found that 
crowding was associated with a lower prevalence of psychiatric disability (187).

Four cross-sectional studies could not detect any relationship between 
crowding and mental health outcomes such as inattention-hyperactivity 
and emotional symptoms (130), psychological distress (188), suicidal ideation 
and self-esteem (189), or drug abuse (186). Further, one retrospective cohort 
study carried out in Israel reported no association between crowding during 
infancy and development of schizophrenia in later life (190) and one cohort 
study conducted in the United States of America found no link between 
overcrowding and autonomic nervous system reactivity or externalizing 
behaviour problems (474).

The certainty of the evidence relating crowding to adverse mental health 
effects, including stress, was assessed as moderate to low.

Sleep disorders
Two recent cross-sectional (191, 192) and one ecological study (193) investigated 
the associations between crowding and sleep disorders. One cross-sectional 
study found excessive daytime sleepiness with greater than one per room (192) 
but the other study concluded that living in a crowded household (greater than 
or equal to one per room) is not significantly associated with most outcomes 
relevant to sleep disturbance but did find a significant relationship between 
crowding and duration of sleep in some analyses (191).

The ecological study found a significant positive relationship between 
percentage of neighbourhood-level crowding (greater than one per room) 
and the apnoea–hypopnoea index (193).

The certainty of the evidence that reducing crowding would reduce the 
incidence of sleep disorders was assessed as low to very low.
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In summary, the systematic review found high certainty evidence that crowding 
is associated with an increased risk of TB and diarrhoea. There is moderate 
to high certainty evidence for a positive relationship between crowding and 
other respiratory infectious diseases. The certainty of the evidence that 
crowding is associated with an elevated risk of other infectious diseases and 
poor mental health is moderate to low; and very low for the linkage between 
crowding and sleep disorders.

3.3	 Considerations for implementation of the 
guideline recommendation

Reducing crowding has implications for national and local governments, 
which usually need to build and refurbish housing, subsidize social or public 
housing, regulate private rental housing, implement tax and planning policies 
that encourage the building of affordable housing, and work with community 
leaders in informal settlements. Ensuring housing that is not only available, 
but also appropriate and affordable, is crucial to reducing crowding. If 
reducing crowding entails people moving to another location, it might have 
detrimental effects by removing them from social networks, child care 
support, and work or educational opportunities, affecting health and earning 
opportunities (194, 195). If new housing is situated in low-density or sprawling 
developments, it can reduce physical activity (196, 197). If new housing is not 
affordable, people may have difficulty paying for other essentials including 
food, energy and health care (59). Therefore, an integrated policy approach, 
in which reductions in crowding are supported by appropriate rehousing that 
takes these considerations about potentially unintended effects into account, 
is fundamental to equity. Reductions in crowding will be most effective if 
combined with policies that support employment and improve household 
incomes to increase the affordability of homes with sufficient space. A 
supportive social welfare system further ensures that loss of job or other 
income shock does not entail moving into a dwelling with inadequate space 
in order to reduce costs. 

When developing policies to reduce crowding, policy-makers and technical 
advisors also need to consider the relevance of crowding measures to different 
subpopulations (78). Depending on the cultural context, an inhabitant’s 
perception of an overcrowded home might vary and different standards to 
determine adequate housing space might apply. Table 3.1 provides an overview 
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of different crowding measures that can be applied to assess the prevalence 
and level of crowding in different settings.

3.4	 Research recommendations 

The research reviewed shows that crowding is associated with negative health 
outcomes. However, the study designs, and the close association between 
social deprivation and crowding, caution against the attribution of causation. 
The research base could be further strengthened through focusing on the 
research priorities shown in Table 3.2.5

Current 
state of the 
evidence

Although there is good evidence on the association between crowding and poor health 
outcomes, most studies to date are observational and there is considerable heterogeneity 
in their design. Meta-analysis is difficult because studies define crowding differently, 
focus on different outcomes and subgroups of interest, and have used different 
approaches to adjust (or not) for confounding. Further high-quality studies are required, 
including randomized trials and comparative studies, perhaps using cluster randomized 
designs. Such studies might test the impact of new housing policies intended to reduce 
overcrowding, and subsequent effects on health outcomes. Future research should also 
examine the exposure-response relationships between crowding and health outcomes, 
including mental health outcomes and intellectual development of children, and make 
adjustments for confounding. In order to help others to compare, contrast and combine 
the results of different studies, researchers should use standard and internationally 
recognized measures of crowding and common approaches to recording and reporting 
outcomes.

Population of 
interest

Populations living in residential housing. There is a particular need to understand the 
effects of crowding on different subpopulations (in particular men, women, children, the 
elderly, indigenous and at-risk populations).

Interventions 
of interest 

Policies and interventions to reduce crowding, including through extending existing 
homes, through rehousing and policies that support employment and improve household 
incomes.

Comparisons 
of interest 

Groups living in crowded and non-crowded home environments; groups before and after 
interventions to reduce crowding. It is also important to compare the effect on health 
of people living in different levels of crowding (i.e. “crowding” as opposed to “severe 
crowding”) and people living for different lengths of time in crowded housing (exposure-
response relationships).

Outcomes of 
interest 

Key outcomes of interest are TB and other infectious diseases, gastroenteritis and 
diarrhoeal diseases, sleep quality, intimate partner violence and mental health. 

Time stamp Current systematic review included studies published up to April 2018. 

Table 3.2  Research recommendations: crowding

5	 All research recommendations in these guidelines are presented using the EPICOT framework. This 
summarizes key components of research recommendations under six headings: state of the Evidence; 
Population; Interventions; Comparisons; Outcomes (or Outputs); Time st amp.  
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	Low indoor temperatures 
and insulation

Cold air inflames lungs and inhibits circulation, increasing the risk of 
respiratory conditions, such as asthma attacks or symptoms, worsening 
of chronic obstructive pulmonary disease (COPD), and infection. Cold also 
induces vasoconstriction, which causes stress to the circulatory system (198) 

that can lead to cardiovascular effects, including ischaemic heart disease 
(IHD), coronary heart disease, strokes, subarachnoid haemorrhage and death 
(198–206). Most of the evidence for the impact of cold on health comes from 
studies connecting outdoor temperatures to health outcomes. For example, 
cold spells are associated with increased mortality and respiratory and 
cardiovascular morbidity (207), and mortality and morbidity rates in countries 
with cold and temperate climates are higher in winter than in summer (208). 

Evidence that cold indoor temperatures have adverse consequences for health 
is growing (209, 210). Cold indoor temperatures are often a consequence of 
outdoor temperature, structural deficiencies, including a lack of insulation 
and airtightness, and lack of heating. As outlined in this chapter, cold indoor 
temperatures have been associated with increased blood pressure, asthma 
symptoms and poor mental health. Cold homes contribute to excess winter 
mortality and morbidity. Most of the health burden can be attributed to 
both respiratory and cardiovascular disease, especially for older people. In 
children, the excess winter health burden is mostly due to respiratory disease. 
Excess winter deaths due to cold housing has been estimated at 38 200 per 
year (12.8/100 000) in 11 selected European countries (18).

Winter mortality is greater in countries with milder climates than in those 
with more severe winter conditions (211), in part because countries with 
mild winters often have homes characterized by poor domestic thermal 
efficiency that are harder to heat than well insulated houses in more extreme 
climates. In insulated dwellings, thermal insulation reduces conductive heat 
loss through the buildings’ walls, ceilings and floors. Retrofitted insulation, 
otherwise known as “weatherization” also reduces convective heat loss by 
blocking unwanted air leaks through the building envelope. As outlined in this 
chapter, retrofitted insulation, weatherization, and heating can help mitigate 
the effect of otherwise cold housing on health.
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Socioeconomic factors play an important role in determining whether a 
dwelling is sufficiently warm. Income constraints force people to live in 
housing that is older, more likely to be poorly built and lacking insulation. 
These deficiencies, in addition to lack of energy affordability, can make it 
especially difficult for people on low incomes to heat their houses adequately. 
For example, a study carried out in South Africa showed that informal 
dwellings were more vulnerable than other types of dwellings to indoor 
temperature instability, which affected thermal comfort (212).

In order to assess the evidence on minimizing the health risks associated with 
cold indoor temperatures and the effects of insulating houses, two systematic 
reviews were commissioned.

Question for the first systematic review (exposure)
Do residents living in housing where indoor temperatures are below 18 °C have 
worse health outcomes than those living in housing with indoor temperatures 
above 18 °C? The categorical cut-off point at 18 °C was chosen based on the 
conclusions of a previous WHO working group on indoor environment finding 
that “there is no demonstrable risk to human health of healthy sedentary 
people living in air temperature of between 18 and 24 °C” (213).

The systematic review focused on the following priority health outcomes, as 
ranked by the GDG: 
•	 respiratory morbidity and mortality
•	 all cause-mortality in infants
•	 hospital admissions
•	 cardiovascular morbidity and mortality
•	 depression.

Question for the second systematic review (intervention)
Do people living in housing with insulation have better health outcomes than 
those living in housing without insulation?

The systematic review focused on the following priority health outcomes, as 
ranked by the GDG: 
•	 respiratory morbidity and mortality
•	 cardiovascular morbidity and mortality
•	 hospital admissions
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•	 all cause-mortality
•	 depression
•	 high blood pressure.

4.1	 Guideline recommendations

Recommendation Strength of recommendation

Indoor housing temperatures should be high 
enough to protect residents from the harmful 
health effects of cold. For countries with 
temperate or colder climates, 18 °C has been 
proposed as a safe and well-balanced indoor 
temperature to protect the health of general 
populations during cold seasons.

Strong

In climate zones with a cold season, efficient and 
safe thermal insulation should be installed in 
new housing and retrofitted in old housing.

Conditional

Remarks
•	 There is an association between cold indoor temperatures and adverse 

health effects, and an association between retrofitting insulation in 
housing and improved health outcomes. Implementing agencies should 
work to increase temperatures in cold homes, including through installing 
insulation with appropriate ventilation, as this is likely to have beneficial 
effects on health.

•	 While current evidence is insufficient to establish the precise temperature 
below which adverse health effects are likely to occur, there is high 
certainty that taking measures to warm cold houses will have significant 
health benefits and a minimum of 18 °C is widely accepted. 

•	 A higher minimum indoor temperature than 18 °C may be necessary for 
vulnerable groups including older people, children and those with chronic 
illnesses, particularly cardiorespiratory disease (213). 

•	 The GDG assessed the certainty of the evidence to indicate the extent to 
which the research supports the recommendation. The certainty of the 
evidence that warming a cold house reduces the risk of cardiovascular 
disease is moderate (based on the findings for blood pressure). The 
certainty of the evidence that installing insulation is associated with 
improved health outcomes is high but this is qualified by different types 
of insulation. 
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•	 Having considered the certainty of the evidence, the values and preferences 
associated with indoor thermal condition, the balance of benefits to harm 
related to increasing indoor temperatures and installing insulation, 
and the feasibility of taking these measures, the GDG made a strong 
recommendation regarding cold and a conditional recommendation 
regarding insulation. 

4.2	 Summary of evidence

This section summarizes the systematic reviews of the associations between 
indoor cold and health outcomes, and the benefits to health of thermal 
insulation in the home environment. The systematic reviews on indoor 
cold and on insulation against cold and the GRADE tables used to assess 
the certainty of the evidence are available online at http://www.who.int/
sustainable-development/publications/housing-health-guidelines/en/index.
html in Web Annex B and Web Annex C.

4.2.1	 Respiratory morbidity and mortality

Of the four studies identified in the systematic review, three found that colder 
indoor temperatures increased respiratory morbidity. One cross-sectional 
study in adults with COPD found better health status with more hours of 
indoor temperature at and above 21 °C. A dose-response trend was observed 
for number of days with bedroom temperatures of 18 °C and above for at 
least 9 hours. The greatest effects were observed in adults who smoked 
compared with non-smokers (214). Similarly, modelling based on the results 
of a randomized trial involving children with asthma found that every 1 °C 
increase in room temperature below the threshold of 9 °C, was associated 
with a small but significant increase in lung function. Bedroom exposure was 
shown to have stronger association with asthmatic children’s lung function 
than living room exposure (215). In addition, one cohort study, including adults 
with COPD, from China reported reduced respiratory problems with an indoor 
temperature at 18.2  °C regardless of whether indoor humidity was low, 
moderate or high (216). In contrast, a case-control study in children with and 
without upper respiratory tract infections showed no consistent associations 
with indoor temperature (217). 
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The certainty of the evidence that warming a cold house (perhaps to a 
minimum indoor temperature of 18 °C) would reduce the risk of respiratory 
mortality and morbidity was assessed as moderate.

4.2.2	 Cardiovascular morbidity and mortality: blood 
pressure

Of the six included studies that assessed the association between indoor 
temperature and blood pressure, all showed that lower temperatures were 
associated with higher blood pressure, including two randomized trials in 
Japan that found higher blood pressure in people living in colder homes (218, 

219). 

A cohort study in Japan of adults over 60 years of age found that decreases of 
1 °C in indoor temperatures were significantly associated with increased blood 
pressure levels at different times of the day, even after controlling for potential 
confounders (220, 221). There was a stronger association of indoor temperature 
than outdoor temperature with ambulatory blood pressure, which suggested 
that excess winter cardiovascular mortality could be prevented by improving 
the housing thermal environment (221). Two cohort studies from Scotland 
found people in housing heated to less than 18 °C had a greater risk of high 
blood pressure (222, 223). This risk increased if temperatures were below 
16 °C (OR 4.92) (223). Similarly, a cohort study in the United Kingdom found 
a decrease in systolic and diastolic blood pressure of 0.5 mmHg per 1  °C 
increase in room temperature (224).

The review also identified five studies of temperature and blood pressure 
that were done under laboratory conditions (225–229). The studies show 
a relationship between warming and lower blood pressure but, because 
this is indirect evidence for the relationship between blood pressure and 
housing indoor temperature, the studies were not used in formulating the 
recommendations. 

The certainty of the evidence that warming a cold house (to a minimum indoor 
temperature of 18 °C) would reduce the risk of cardiovascular mortality and 
morbidity was assessed as moderate.
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4.2.3	 Insulation and weatherization

Of the 11 studies identified in the systematic review, seven found some 
association between the benefits of living in an insulated home and improved 
health. For example, a cluster randomized trial in New Zealand on the effect 
of insulating existing homes where at least one person in the household had 
existing chronic respiratory symptoms found that insulation was associated 
with reduced odds of poor mental health, self-reported wheezing in the 
previous 3 months, winter colds or flu, and morning phlegm in adults (39). 

While mental health was improved in one controlled trial from the United 
States of America, the study did not find any differences in general health 
status between people receiving new insulation and exterior cladding and 
those in the control group (230). One quasi-experimental study from the United 
Kingdom found no difference between asthmatic and healthy children with 
regard to different glazing systems (231). Another quasi-experimental study 
in New Zealand found that all-cause mortality was significantly lower in 
people with a history of cardiovascular disease if they lived in an insulated 
rather than an uninsulated house and non-significantly lower in people with a 
history of respiratory disease (232). Similarly, a controlled trial from the United 
Kingdom did not detect any effect of external insulation on general respiratory 
symptoms, asthma, physical or mental health or subjective well-being (233). 

A cross-sectional study from the United Kingdom investigated the effects of 
different types of insulation on a range of health outcomes (234). The study 
identified positive effects of loft and external wall insulation on respiratory, 
mental and general health; but found a negative impact on these outcomes 
with cavity wall insulation.

Three retrospective cohort studies investigated the effects of living in an 
insulated home on health. A New Zealand study of 45 000 households, with 
matched controls, showed no relationship between living in an insulated home 
and rates of hospitalization. However, mortality rates for adults aged 65 and 
over who had previously been hospitalized for circulatory illness were lower 
for people living in insulated dwellings (235). A study from Scotland, looking 
at the indoor environment and health outcomes as reported by participants, 
found that rates of coughing were significantly lower in homes with double-
glazed windows but no consistent relationship between wheezing and 
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coughing, and insulation (236). A study from Greenland, of households with 
children aged 3 to 5 and 8 years who had a previous medical attendance for 
acute otitis media, found no relationship between episodes of acute otitis 
media and self-reported poor insulation, defined as “reports of draft along 
the floors and through doors and windows” (237). A historical cohort study 
conducted in the United Kingdom reported that double glazing improved the 
household health status by 4.8% but did not detect effects on quality of life 
or other measures of well-being (238).

One case-control study from Denmark, which had a high risk of bias, found 
that eye irritation and throat dryness (connected to respiratory health) 
decreased slightly when windows were replaced, but the results were not 
statistically significant (239). 

The certainty of the evidence that living in insulated homes is associated with 
improved health outcomes was assessed as moderate. 

4.3	 Considerations for implementation of the 
guideline recommendations

In a cold climate, a healthy indoor thermal environment can be achieved 
through a combination of thermal insulation and heat supply. Building 
a properly ventilated and thermally insulated house is more technically 
advanced and expensive than building a non-insulated house, but is likely to 
lead to health and other benefits, with some evidence that the cost–benefit 
ratio can be as high as six (232). On a macro-level, improving energy efficiency 
of dwellings was found to lead to cost savings and in some countries the clear 
co-benefits of retrofitted insulation on health and energy efficiency mean 
that these retrofits are already subsidized by governments. For example, it 
is estimated that improvements in occupants’ health by improving housing 
in the United Kingdom, including through increasing warmth in bedrooms, 
would save the United Kingdom health services £1.4 billion in the first year in 
treatment costs alone (240). An insulation subsidy programme in New Zealand 
found reduced hospitalization costs due to fewer re-admissions, fewer 
transfers and shorter stays in hospital, although the rate of hospitalization 
was unchanged (40). In Cape Town, retrofitting of 2300 houses with solar water 
heating and roof insulation as part of the Kuyasa low-income housing project 
had multiple benefits for climate mitigation, respiratory health, poverty 
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reduction, and economic development (241). Besides generating 2.82 tonnes 
of carbon credit per house annually and lowering heating expenditures, the 
improved insulation led to a “substantial decline in bronchial and related 
illness among residents, especially during winter” (241). More broadly, energy 
efficiency measures contribute to public savings by reducing the burden on 
energy infrastructure and the climate. Insulation can also help moderate 
extreme heat situations, as discussed in Chapter 5. Yet, cost–effectiveness will 
vary significantly for different climate zones and depends on housing quality, 
the type of insulation, the prior level of insulation and means of heating and 
ventilation of the housing stock. 

At an individual level, there is a clear trade-off between investment costs 
(installing or retrofitting insulation and heating) and running costs (paying 
for energy). While people with low incomes are likely to benefit the most from 
public thermal efficiency programmes because they are more likely to live 
in cold homes (52), they will also be less likely to be able to afford to install 
insulation if the costs need to be covered by the inhabitants or home owners. 
Therefore, it is essential to ensure that low-income people can afford to live in 
improved buildings, potentially through providing public support for housing 
costs; otherwise improvements in insulation might increase inequities (242). 

Key instruments for policy-makers to improve thermal conditions at national 
level are: improving building standards and mandating insulation and 
efficient heating in housing, including the installation of solar panels, 
implementing subsidies and tax incentives to encourage the installation of 
insulation and efficient heating; measures to encourage energy affordability 
through subsidizing or replacing traditional energy costs; and the building 
of replacement housing where housing is in such disrepair that it cannot be 
renovated to a standard that ensures adequate temperatures. 

To avoid unintended harms of installing insulation, care must be taken to 
ensure that measures to improve the warmth of dwellings also provide 
adequate ventilation. Ventilation standards for housing are available from 
several organizations, such as the American Society of Heating, Refrigerating 
and Air-Conditioning Engineers (ASHRAE) Standard 62 (243) and in Europe, the 
standards of the Buildings Performance Institute Europe (244). Weatherization 
reduces heat loss via air leaks through walls and ceilings, but it can also 
reduce the necessary air exchange of the building. Household activities, 
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including cooking and washing, as well as human metabolism, generate 
water vapour. Without adequate ventilation, either natural or mechanical, 
dampness accumulates inside the building. Insufficient airflow increases 
indoor humidity, leading to an increase in dampness and growth of mould and 
bacteria (245). Dampness or mould is associated with a range of adverse health 
effects, including asthma, respiratory infections and symptoms, dyspnoea, 
hypersensitivity pneumonitis and allergic alveolitis (246). Guidance regarding 
indoor air quality, including in relation to mould, is available from WHO and 
summarized in section 8.2.

It is critical that any intervention to increase the indoor temperature is 
achieved through sustainable and energy effective solutions. Installing 
insulation and efficient heating can contribute to the reduction of carbon 
emissions by enabling people to heat their homes more efficiently. This 
reduces air pollution and indirectly benefits health through reducing mortality 
and morbidity associated with outdoor air pollution. These measures also 
reduce the burden on energy infrastructure and support climate change 
mitigation (39).

Implementation also needs to consider the importance of using safe insulation 
materials, which are free of toxic substances such as asbestos and isocyanate, 
and are resistant to fire and microbial growth. Improved occupational 
safety and health protection and training for those involved in installing and 
maintaining thermal insulation may also be required to ensure that the health 
of workers is not compromised and that the intervention will be optimally 
effective (247). Authorization of the building retrofit designers and approval/
inspection of the actual work are necessary to ensure healthy and energy 
efficient results. 

4.4	 Research recommendations

The specific mechanisms underlying the association between cold homes, 
lack of insulation, and poor health may involve both physiological responses 
or co-exposures to other associated factors causing adverse health problems, 
such as damp, mould, poor quality housing, poverty and social deprivation. 
Further research is needed to investigate these associations and underpin 
the research priorities summarized in Tables 4.1 and 4.2 for the exposure 
(cold) and for the intervention (insulation).
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Current 
state of the 
evidence

While there is good evidence associating low indoor temperatures with adverse health 
outcomes, further studies, especially in developing countries and particularly in Africa, 
are required which assess exposure-response associations while controlling for potential 
confounders (including outdoor temperature). These should take into account peak 
(occasional low temperatures), chronic (extended periods of low temperatures) and 
cumulative exposure (215). 

Population of 
interest

The whole population; in particular, people that are both more likely to spend time at 
home and experience adverse health effects related to cold (e.g. the elderly, children, and 
people with long-term illnesses). Studies are required to establish whether 18 °C is the 
most appropriate general target for the minimum indoor temperature and whether the 
minimum target should vary across different population groups.

Interventions 
of interest 

Policies and interventions to increase indoor temperatures to healthy levels, including 
through installing insulation, weatherization, and improved heating, including through 
alternatives such as solar panels, through subsidies and market-based initiatives (248).

Comparisons 
of interest 

Groups living in home environments in cold climates that are not heated to an adequate 
temperature and those that are; groups before and after intervention.

Outcomes of 
interest 

A range of health outcomes should be included, including indoor temperature and 
mortality and morbidity, and cardiovascular disease, asthma, COPD, infections and 
depression.

Time stamp Current systematic review on the association between indoor cold and health outcomes 
included studies published up to April 2018.

Table 4.1  Research recommendations: cold

Current 
state of the 
evidence

The evidence base on the effects of living in an insulated home on health outcomes 
should be strengthened through further high-quality studies, including randomized trials. 
These studies should control for confounding factors, including outdoor temperature, 
ventilation, and the availability, affordability and efficiency of heating. Research should 
prioritize professional, independent assessment of insulation levels and health outcomes 
over self-reports by occupants. 

Population of 
interest

The whole population; in particular, people that are both more likely to spend time at 
home and experience adverse health effects related to cold (e.g. the elderly, children, and 
people with long-term illnesses), who may particularly benefit from insulated housing. 

Interventions 
of interest 

Installing insulation, and the introduction of market-based initiatives intended to 
encourage the installation of insulation. 

Comparisons 
of interest 

Groups living in insulated and non-insulated home environments; groups before and after 
intervention.

Outcomes of 
interest 

Indoor temperature and relative humidity and change in air exchange rates, plus a range 
of health outcomes. These include indoor temperature and mortality and morbidity; in 
particular, cardiovascular disease, asthma, COPD, infections and depression. 

Time stamp Current systematic review on the association between insulation and health outcomes 
included studies published up to April 2018.  

Table 4.2  Research recommendations: insulation
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	High indoor temperatures

High temperatures and temperature variations harm health. Human response 
to heat is dependent on the body’s ability to cool itself (249). An important 
cooling mechanism is perspiration and its evaporation from the skin and, 
therefore, because high air humidity can reduce and eventually prevent net 
evaporation, the health effects of high temperatures depend also on relative 
humidity (or more precisely the dew point temperature of air). High outdoor 
temperature is associated with thermal discomfort (250) and adverse health 
outcomes, including higher rates of all-cause and cardiovascular mortality 
and emergency hospitalizations, across a range of study designs and across 
geographical regions (251–255). Children, the elderly, and those with psychiatric, 
cardiovascular and pulmonary illnesses have a weaker physiological response 
to heat, and are more vulnerable to the negative impact of high temperature 
on health (249, 256–258). 

Public health interest in the effects of heat on health has grown recently in 
part because of climate change and the increasing frequency and duration of 
heat waves across all continents (6). For example, the May 2010 heat wave in 
Ahmedabad, India, was associated with significant excess all-cause mortality: 
4462 all-cause deaths occurred, meaning an estimated 43.1% increase 
when compared with the reference period with 3118 deaths (259). It is further 
estimated that an excess of 70 000 people in 16 countries across Europe died 
in August 2003 due to a major heat wave (260). Across Africa, the frequency 
(spatial coverage) of extreme heat waves has increased to 24.5 observations 
per year (60.1% of land area) between 2006 and 2015, as compared with 12.3 
per year (37.3% of land area) in the period from 1981 to 2005 (261). People who 
live in temperate climates are more likely to be affected by high temperatures; 
the temperature threshold where heat-related deaths begin to increase 
during a heat wave is lower in cities with cooler climates (262, 263). Exposure to 
heat waves earlier in the season has a greater impact on mortality, because 
the population has not had a chance to adapt to higher temperatures (264). 

The importance of acclimatization (i.e. physiological adaptation to excessive 
heat exposure) is stressed in the WHO-World Meteorological Organization 
(WMO) guideline for heat wave warning systems, but complete acclimatization 
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to an unfamiliar thermal environment may take several years. Long-term 
adaptation results in a lower rise in core body temperature and a lower 
increase in heart rate at a given heat load (265). In addition, while people 
may adapt to usual temperatures, they may not be able to adapt to variable 
temperatures. Unstable temperatures harm the cardiovascular and immune 
system, and are associated with an increase of mortality (266).

Studies have shown an association between high indoor temperatures 
and adverse health effects (267). Outside of regions where air conditioning 
is common, high indoor temperatures are associated with high outdoor 
temperatures. In a case cross-over study carried out in three Latin America 
cities, same and previous day apparent temperatures were strongly associated 
with mortality risk, with susceptibility increasing with age (268). Therefore, 
studies of morbidity and mortality rates during periods of high outdoor 
temperatures can also be used to provide indirect evidence of the harmful 
health effects of high indoor temperatures in such regions. For example, 
during the 2003 heat wave in France, the number of deaths at home was 
considerably higher compared with years without extreme heat events (269). 
In Japan, a study showed that heatstroke most often occurs at home during 
summer; elderly people developed heatstroke in their homes with greater 
frequency compared with patients in other age groups (270, 271). In summary, 
given that people spend most of their time indoors (2) and that, in the absence 
of air conditioning, they will be exposed to an increased risk of high indoor 
temperatures during periods of high outdoor temperature, protection against 
outdoor heat is a key characteristic of healthy housing. 

Air conditioning, insulation, certain building materials, wall thickness, shading 
from direct sunlight, natural ventilation (especially during night time), and 
increased air motion (fans) to cool indoor temperatures can help protect 
people against heat and heat-related illness. However, large numbers of 
people in developing countries, as well as low-income groups in developed 
countries, do not have access to such housing facilities. As a consequence, 
low socioeconomic groups are at higher risk of heat-related mortality (249, 

264). Research carried out in São Paulo, Brazil, for example, showed that those 
with less education were more susceptible to heat-related mortality (268). Air 
conditioning can also reinforce health inequalities by exacerbating urban noise 
and heat, which negatively affect the health of others, particularly those who 
cannot afford air conditioners. Air conditioning contributes to climate change, 
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with knock-on effects on health, due to heavy energy consumption and use 
of powerful greenhouse gases as coolants.

In order to establish clear guidance on minimizing the health risk associated 
with high indoor temperatures, a systematic review of the evidence was 
commissioned.

Question for the systematic review
Do residents living in housing where indoor temperatures are above 24 °C have 
worse health outcomes than those living in housing with indoor temperatures 
below 24 °C? The categorical cut-off point at 24 °C was chosen based on the 
conclusions of a previous WHO working group on indoor environment finding 
that “there is no demonstrable risk to human health of healthy sedentary 
people living in air temperature of between 18 and 24 °C” (213).

The systematic review focused on the following priority health outcomes: 
•	 all-cause mortality
•	 heatstroke
•	 hyperthermia
•	 dehydration
•	 hospital admission.

The systematic review is available online at http://www.who.int/sustainable-
development/publications/housing-health-guidelines/en/index.html, along 
with the GRADE tables used to assess the certainty of the evidence in Web 
Annex D. Additional analysis conducted to provide indirect evidence to support 
the recommendation regarding high indoor temperatures is also available 
online. This looked at the likely effect of high indoor temperatures on health 
but did not specifically address temperatures of above 24 °C.

The review identified six studies that included indoor dwelling temperature 
as an exposure variable. However, none of these studies provided direct 
evidence on the prioritized health outcomes or the minimal risk temperatures 
for heat-related health effects. Therefore, no firm answer can be given to 
the question of whether people living in housing with a temperature above 
24 °C have worse health outcomes than those living in housing with an indoor 
temperature below that threshold. 
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5.1	 Guideline recommendation 

Recommendation Strength of recommendation

In populations exposed to high ambient 
temperatures, strategies to protect populations 
from excess indoor heat should be developed 
and implemented.

Conditional

Remarks
•	 Identification of the minimal risk temperature for heat-related health 

effects will require research to determine the indoor temperature below 
which no adverse health effects related to heat are expected. Likewise, 
research is needed to identify the “maximum acceptable temperature”, 
above which the risk to human health increases drastically. As people are 
acclimatized to different temperatures in different climate regions, the 
optimal indoor temperature range is dependent on the specific region. 
Examples of minimal risk temperature for heat-related health effects and 
maximum acceptable temperature are listed in Table 5.1, drawing on the 
analysis set available at http://www.who.int/sustainable-development/
publications/housing-health-guidelines/en/index.html.

•	 There is an association between high indoor temperatures and some 
adverse health effects. Implementing agencies should work to reduce indoor 
temperatures to the minimal risk temperature, because this is likely to have 
beneficial effects on health. It is particularly important to keep the indoor 
temperature of the housing of vulnerable individuals, such as the elderly, 
infants, sick and the disabled, below the maximum acceptable temperature. 

•	 The GDG assessed the certainty of the evidence to indicate the extent to 
which the research on each health outcome supports the recommendation. 
As there are so few studies of the direct effect of high indoor temperature on 
health, the certainty of the evidence that reducing high indoor temperatures 
would reduce morbidity and mortality was assessed as low to very low. 
However, there is higher certainty of evidence that there is a relationship 
between high indoor and high outdoor temperatures and that high outdoor 
temperatures are associated with morbidity and mortality.

•	 Therefore, having considered the certainty of this range of evidence on high 
temperature and health, the balance of benefits to harms of preventing 
exposure to high indoor temperature, the values and preferences associated 
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with preventing exposure to high indoor temperature, and the cost and 
feasibility of preventing such exposure, the GDG made a conditional 
recommendation.

City/country

Indoor minimal risk 
temperature for heat-
related health effects

Indoor maximum 
acceptable temperature

Boston (United States of America) 21–22 °C 25 °C

New York (United States of America) 22–24 °C 27–28 °C

London/Manchester (United Kingdom) 22–23 °C ~25 °C

Harbin (China) ~24 °C 26 °C

Republic of Korea ~25–26 °C ~29–30 °C

Thailand ~30 °C ~32 °C

Table 5.1  Examples of estimated minimal risk temperature for heat-related health effects and 
maximum acceptable temperature

5.2	 Summary of evidence

The systematic review on the association between high indoor temperatures 
and adverse health outcomes identified eight eligible studies. Further, indirect 
evidence to support the association between high indoor temperatures and 
adverse health outcomes was identified in the following manner: 
•	 Step 1: Studies on health and outdoor temperature were reviewed to obtain 

estimates of the relationship between outdoor temperature and health 
outcomes.

•	 Step 2: Studies that measured both indoor and outdoor temperature were 
reviewed and used to model the association between indoor and outdoor 
temperatures. This association was used to derive indoor temperature 
based on the outdoor temperature. 

•	 Step 3: An assumption was taken that the estimates derived in Step 1 would 
equally apply to the indoor temperatures calculated in Step 2. These were 
used to support the recommendations regarding high indoor temperatures.
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5.2.1	 Temperature and morbidity

Indoor temperature and morbidity
Eight studies investigated the effect of indoor heat on health outcomes 
including, sleep disorders (three studies); general health, blood pressure, 
respiratory and cardiovascular disease (two studies each); and body 
temperature, mental health, pregnancy outcomes (one study each). 

One quasi-experimental study of 57 people in the United States of America 
found that reductions in number of days above 27  °C corresponded with 
improved quality of health and life, reduced emotional distress and increased 
hours of sleep (272).

Three cohort studies explored the association between indoor heat and 
morbidity. While there were no associations between indoor temperatures 
and reports of respiratory viral infection or heat illness in a cohort of 40 
households in the United States of America, the same study found a significant 
relationship in sleep problems and prior day’s temperature in the summer 
season but not in winter (273). Similarly, among 113 elderly people in the 
Netherlands, an increase of 1 °C of indoor temperature raised the risk of 
sleep disturbance by 24% (in the temperature range of 20.8 to 29.3 °C) (274). 
A third cohort study, in Slovenia, reported worse cardiovascular symptoms 
with a higher heat burden and low indoor air quality (275).

One case series involving 20 low-income elderly people in the Republic of 
Korea and one cohort study including 132 women in India, found a non-
significant positive relationship between indoor temperature and systolic 
blood pressure but a significant positive association with diastolic blood 
pressure (276, 277). 

A case-control study reported that humidity exposure and indoor heat above 
26 °C non-significantly increased the proportion of emergency calls in New 
York that were due to cardiovascular cases and respiratory distress calls (278). 

Finally, a cross-sectional study among 1136 women in Ghana found a non-
significant increase in adverse pregnancy outcomes, such as stillbirth or 
miscarriage, with each additional 1 °C increase in atmospheric heat exposure 
(476).
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In view of the mixed findings and the relatively small amount of evidence, the 
certainty of the direct evidence that reducing high indoor temperatures would 
reduce morbidity or mortality was assessed as low.

Outdoor temperature and morbidity
In order to help with the discussions in the GDG, analyses were also done of the 
effects of outdoor temperature, for which studies on the association between 
high temperature and morbidity show a non-linear temperature-effect 
relationship. For example, associations between daily average temperatures 
and the relative risk estimates for hospital admissions for kidney disease 
are U-shaped (admissions occur in both the lower and higher temperature 
ranges) or J-shaped (admissions occur in the higher temperature ranges). 
Temperatures at around 25 °C present the lowest risk for hospital admission 
for kidney disease, and high temperatures increase the risk of admission more 
than low temperatures (254). Although heat waves are significantly associated 
with elevated risk of cardiovascular hospitalizations (279), recent meta-analysis 
indicated no apparent association between increased ambient temperature 
and cardiovascular morbidity (255, 280). 

The certainty of this evidence linking high outdoor temperature with increased 
morbidity was assessed as low to moderate and, although indirect, it was 
used in conjunction with the evidence on the relationship between outdoor 
and indoor temperature to provide support for the recommendation on indoor 
temperatures.

5.2.2	 High temperature and mortality

High indoor temperature and mortality
No eligible studies assessed the effect of high indoor temperature on 
mortality. 

High outdoor temperature and mortality
Reviews and meta-analyses provide strong evidence of the association 
between high outdoor temperature and mortality (251, 252, 264, 279, 281). There is 
a non-linear temperature-mortality effect relationship, with U- or J-shaped 
curves for temperature-mortality relationships for all-cause mortality 
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categories (282); J-shaped curves for cardiovascular disease mortality (283); 
J-shaped curves for non-accidental, cardiorespiratory and cardiovascular 
mortality as cumulative effects of diurnal temperature range; and U-shaped 
for respiratory mortality, with strong monotonic increases at a  diurnal 
temperature range of approximately 16 °C (284). 

The exposure-response curve helps to identify a minimal risk temperature 
above which mortality increases as temperature increases (249). The minimal 
risk temperature extends up to 31 °C for different cities in low- and middle-
income countries (262). It averages 29.4  °C in Mediterranean cities, and 
23.3 °C in northern continental cities (285). The optimal outdoor temperature 
for health varies considerably across populations, depending on climate 
and socioeconomic profile (263, 281). The mortality risk due to high and low 
temperatures varies from roughly the 60th percentile of the location-specific 
temperature range in tropical areas to the 80–90th percentile in temperate 
regions, which is equivalent to 19 °C in Stockholm, Sweden, and 30 °C in 
Bangkok, Thailand (281).

The certainty of the evidence relating high outdoor temperature to mortality 
was assessed as high, and, although indirect, it was used in conjunction with 
the evidence on the relationship between outdoor and indoor temperature 
to provide support for the recommendation regarding indoor temperatures.

5.2.3	 Relationship between indoor and outdoor 
temperature

Thirty-two studies were identified which reported the relationship between 
indoor and outdoor temperature. These showed a positive correlation in the 
higher temperature range (>20 °C). The slope of a linear regression between 
outdoor and indoor temperatures in the warm/hot temperature range (>20 °C) 
varied depending on several factors including air conditioning, ventilation, 
insulation, building direction, socioeconomic status and the behaviour of the 
occupants. 

Most of the studies were conducted in temperate climate zones. The studies 
show that the slope of the correlation curves between indoor and outdoor 
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temperatures in this climate zone was usually not steep, which may be due 
to the influence of air conditioning in some dwellings (286) and the practice 
of keeping the windows closed rather than opening them for ventilation (287). 
Specific cities have unique correlation curves (288, 289). Some studies are 
better able to predict indoor temperatures from outdoor temperatures by 
incorporating other environmental factors into a multivariate regression. 
These factors include urban heat islands affecting the immediate environment 
(290), solar radiation (291, 292) or dwelling characteristics (293). The relationship 
between indoor and outdoor temperatures depends on the socioeconomic 
status of the participants with indoor temperatures of the dwellings of low-
income residents more closely associated with outdoor temperatures because 
they are not influenced by the use of air conditioners (276, 294). Indoor and 
outdoor temperatures are also more closely correlated where the occupants 
opened their window for ventilation (295).

Fewer studies have been done in subtropical regions, but these also suggest 
relationships between indoor and outdoor temperatures. In low-income 
countries, where air conditioning is seldom available, indoor temperature is 
directly related to outdoor temperature (296–298). The relationship becomes 
weaker further away from the equator (299, 300). There is no relationship 
between indoor and outdoor temperature in countries where air conditioning 
is widely available everywhere, such as Oman (301). One study found that the 
indoor temperature could be higher than the outdoor temperature due to 
cooking activities and inadequate ventilation (302).

The certainty of the evidence that indoor and outdoor temperatures are 
correlated was assessed as moderate to high, and this indirect evidence 
was used in conjunction with the evidence on the relationship between high 
outdoor temperatures and adverse health outcomes to provide support for 
the recommendation regarding indoor temperatures.

5.3	 Considerations for implementation of the 
guideline recommendation

Thermal insulation, housing location, building materials and house orientation, 
window shades, green spaces and ventilation (including use of cooler night-
time air) and air conditioning can help to mitigate high indoor temperatures 
(303). Improved ventilation and air conditioning have helped decrease the 
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relative risk of heat-related mortality in the United States of America, Japan 
and Spain over the past two decades (304). 

However, air conditioning is not always feasible because of implementation 
and running costs. Increased reliance on mechanical air conditioning has 
a disadvantage in that it increases costs, energy consumption and carbon 
emissions. Furthermore, poor maintenance of air conditioning can create 
health problems, due to mould, lack of condensation drainage and circulation 
of airborne pollutants. Therefore, passive mitigation measures or mechanical 
ventilation systems that are free or low-cost to run, such as those powered by 
solar technology, are often preferable. World Health Organization guidance 
on natural ventilation measures in health care settings may also be relevant 
to housing (305).

Member States can support measures to cool housing through regulations 
on minimum requirements for ventilation, insulation and air conditioning 
measures through subsidies to support such measures, and through building 
codes that emphasize the importance of maximizing thermal comfort; and 
through planning codes that acknowledge the importance of urban design, 
such as urban forests, shading, wind management and green roofs, in keeping 
cities cool.

Public health authorities should develop and activate heat wave warning 
systems, as stipulated in the WHO-WMO guidance, and should prepare for 
extreme heat events (265). In addition, public awareness campaigns can 
increase understanding of the harms associated with heat exposure. This 
includes encouraging people to engage in cooling behaviours at home, such 
as taking showers and remaining hydrated (306), to counter the negative health 
effects of indoor heat. 

5.4	 Research recommendations

Some of the evidence summarized in this chapter is indirect, based on the 
association between indoor and outdoor temperatures, and the association 
between high outdoor temperatures and health outcomes. However, there is 
great variation between outdoor and indoor temperatures in terms of the types 
of heat exposure (direct or indirect sun), the types of activity typically carried 
out, and the possible interactions with other risk factors associated with 
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housing, including humidity, housing conditions, socioeconomic conditions, 
the type of structure (including insulation), ventilation/air conditioning, and 
outside temperature. Further research should therefore focus on the direct 
effects of high indoor temperatures on health.

Current 
state of the 
evidence

Few high-quality studies have assessed the direct effects of indoor temperature on health. 
The current research base is limited by a lack of data on indoor household temperature 
and the difficulty of designing studies capable of entirely excluding the health impact 
of outdoor temperatures. High-quality studies that control for confounders are required. 
These should focus on exposure-response associations and take into account peak 
(occasional high temperatures), chronic (extended periods of high temperatures) and 
cumulative exposure.

Population of 
interest

The whole population; in particular people who are both more likely to spend time at 
home and experience adverse health effects related to heat (the elderly, children, women, 
obese people, and people with long-term illnesses). Studies across different groups will 
help establish whether the threshold level (the temperature above which temperature 
poses a risk to health) is different for different population groups.

Interventions 
of interest 

Installing ventilation and other measures aimed at reducing indoor temperature in 
housing in hot climates; and moving people to cooler housing in hot climates.

Comparisons 
of interest 

Groups living in hot climates in home environments at different temperatures; groups 
before and after interventions to reduce indoor temperatures.

Outcomes of 
interest 

A range of health outcomes should be included, including mortality and morbidity 
generally, but, in particular, cardiovascular disease, blood pressure, respiratory symptoms, 
sleep disturbance, heatstroke, hyperthermia, dehydration.

Time stamp Current systematic review on the direct association between high indoor temperatures 
and health outcomes included studies published up to April 2018. The literature review 
to provide evidence on the indirect relationship between high indoor temperatures and 
health was done by members of the GDG in April 2016. 

Table 5.2  Research recommendations: high indoor temperature
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	 Injury hazards

Injuries in the home present an important health burden worldwide (307). 
Globally, around a third of injuries occur in the home (308), and, in 2016, half 
of all unintentional injury-related deaths occurred in the home (309). Although 
injuries in the home affect people of all ages, home injury rates are highest 
in the youngest and oldest age groups (310). They are also more common in 
people with functional impairment and interventions to improve their housing 
conditions are discussed in Chapter 7. 

Injuries in the home include falls, burns, poisonings, ingestion of foreign 
objects, smoke inhalation, drowning, cuts and collisions with objects, and 
crushing and fractured bones as a result of structural collapse. This chapter 
focuses on injuries caused by hazards that can be eliminated or controlled 
with proper attention to housing design and maintenance (311). 

Falls account for the largest proportion of the injuries in the home that require 
medical attention (56). Worldwide, about 424 000 individuals die each year from 
falls, of which the vast majority are in low- and middle-income countries, 
and more than 37 million falls require medical attention (312). In Thailand, 
for example, almost 70% of severe injuries related to accidental falls occur 
in the home or residential areas (313). Similarly, falls are the leading cause 
for hospital admissions due to injuries in Fiji (314). In India, the rate of deaths 
from falls in urban areas, including the home, was 15.6 per 100 000 in 2005 
(315). In high-income countries, about 26% of falls can be attributed to the 
environment, both inside and outside the home. In low- and middle-income 
countries, about 31% of falls are attributable to the environment (316). Hazards 
that encourage slips and falls that could result in injuries include: uneven floor 
surfaces; inadequate or inappropriate lighting; steep stairs, stairs of varied 
height, stairs without handrails or in disrepair; lack of guarding of stairs, 
landings and balconies; lack of grab-rails or handles to baths and showers; 
and windows and doors without child safety locks (317–319). In Europe, in 2010, 
around 10 deaths (0.007 per 100 000) and 3310 DALYs (2.0 per 100 000) were 
attributable to a lack of window guards (that is, bars and other products that 
prevent people falling from windows) (18). 
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The home environment can also put people at risk of injury and death from 
burns. Injury from exposure to heat, fire and hot substances results from 
hazards such as an absence of smoke detectors, unsafe electric installation, 
open fires, unprotected hot surfaces and hot water. Around 268 000 deaths 
occur each year worldwide due to burns from exposure to fire, heat or 
hot substances, including in the home environment (49). In the developing 
countries of Africa, Asia and Latin America, kerosene use for cooking and 
lighting remains widespread, with fires and explosions being well-documented 
kerosene hazards (320). More specifically, in one hospital in Sri Lanka, 41% of 
patients admitted for burns had been injured by falling kerosene lamps (321). 
In Bangladesh, the overall burn mortality rate was 2.2 per 100 000 in 2003, 
with 90% of burn incidences occurring in the home mostly caused by cooking 
fire, heating fire and fire from kerosene lamps (322). In Europe, 7523 deaths 
(0.9 per 100 000) and nearly 200 000 DALYs (22.4 per 100 000) are attributable 
to a lack of smoke detectors (18). Nearly a quarter of scald burns in children 
in the United States of America were caused by hot tap water (319). Unvented 
gas or solid fuel burning stoves also expose people to dangerous levels of 
carbon monoxide (discussed in Chapter 8).

Injury rates at home are sometimes higher for low-income people (323). This 
is partly because homes that contain hazards are more likely to be within 
the price range of people with low incomes. For example, a United States of 
America survey reported that fire extinguishers, fire escape plans and carbon 
monoxide alarms were much less common in low-income homes (310). In 
Thailand, severe injuries are more common for unskilled labourers than other 
population groups (313); and in Kenya, a low level of education was identified as 
a key risk factor for burn injury among patients admitted to a public hospital 
(324). Reducing hazards in homes can therefore contribute to reducing health 
inequalities (325, 326). And, a study carried out in Nigeria, South Africa, Uganda 
and the United Republic of Tanzania found that living in an urban environment 
was associated with increased odds for injury (327).

In order to establish clear guidance on minimizing the health risk associated 
with hazards in the home, a systematic review of the evidence was 
commissioned.
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Question for the systematic review
Do residents in housing with fewer hazards have fewer injuries than residents 
living in housing with more hazards?

The systematic review focused on the following priority health outcomes, as 
ranked by the GDG: 
•	 electrocution
•	 broken or fractured bones 
•	 mortality due to injuries
•	 burns or scalds
•	 hospitalization (outpatient or inpatient) due to injuries.

Although it was recognized that injuries due to building collapse are an 
important health issue; the focus for these guidelines was on hazards present 
within the house.

6.1	 Guideline recommendation 

Recommendation Strength of recommendation

Housing should be equipped with safety devices 
(such as smoke and carbon monoxide alarms, 
stair gates and window guards) and measures 
should be taken to reduce hazards that lead to 
unintentional injuries.

Strong

Remarks
•	 There is strong evidence for an association between hazards in the home 

and injuries. Implementing agencies should work to reduce the number 
of hazards in housing, because reducing these hazards is likely to have 
beneficial effects on health. 

•	 In addition to increasing the risk of burn injuries, fireplaces and fuel-
burning appliances can contribute to poor health outcomes and poor 
indoor air quality. WHO guidelines around household fuel combustion are 
summarized in section 8.2.

•	 The GDG assessed the certainty of evidence to indicate the extent to which 
the research on each intervention supports the overall recommendation, 
and, in general, the certainty of the evidence for reducing hazards in the 
home is moderate to high. In relation to specific safety devices and safety 
measures, the certainty of the evidence that reducing fire hazards (through 

U-21291 
Ex.FLO-220 

Page 78 of 172



6 • Injury hazards 59

installing smoke detectors) reduces the risk of burns is moderate. The 
certainty of evidence that the use of guards to protect against fires and 
hot surfaces reduces the risk of burns is low to moderate. The certainty 
of the evidence that installing stair gates and window guards reduces the 
risk of falls is low to moderate. The certainty of the evidence that home 
safety modification programmes reduce the risk of injury is moderate. 

•	 Having considered the certainty of the evidence, the balance of benefits 
to harm of modifying the home to prevent home injury, and the values, 
preferences and feasibility of doing so, the GDG made a strong 
recommendation.

6.2	 Summary of evidence

The recommendations were informed by a systematic review of the evidence 
on the exposure-response relationship between housing factors and injury. 
The systematic review and the GRADE tables used to assess the certainty of
the evidence are available online at http://www.who.int/sustainable-
development/publications/housing-health-guidelines/en/index.html in Web 
Annex E. 

6.2.1	 Smoke detectors 

Properly installed and functioning smoke alarms were found to reduce the 
incidence of burn injuries. A randomized trial in the United States of America 
found that burns and fires in the homes were prevented by smoke alarms 
and carbon monoxide detectors at baseline and at 12 and 24 months’ follow-
up (328).

A Canadian case-control study found an increased risk of burns and scalds 
in children if their house did not have a smoke alarm (329). Similarly, a case-
control study in Iraq found that, among children admitted to hospital, there 
were fewer smoke alarms in the homes of those who had sustained a burn 
injury (330). Another study, in the United Kingdom, reported that among 
children seeking primary care, admitted to hospital, or presenting to the 
emergency department, those with burn injuries were less likely to have 
working smoke alarms in the home (331). However, another case-control study, 
in the United States of America, reported that burn cases had similar rates 
of smoke alarm usage and use of carbon monoxide detectors (332).
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The evidence that smoke alarms reduce the risk of hospitalization is supported 
by two additional cohort studies. One found that the introduction of legislation 
for compulsory smoke alarm ownership in an Australian state decreased 
hospitalization rates by 36.2% annually (333). The other found that fire-related 
death and injury were lower in the population with an installed smoke alarm 
than in the population without a smoke alarm (334). 

The certainty of the evidence that the presence of smoke detectors reduces 
the risk of injury was assessed as moderate. 

6.2.2	 Stair and safety gates 

Three studies reported on the effects of stair or safety gates on injury in 
children. A cohort study in the United Kingdom found that among children 
under 5 years of age, those who lived in homes that had been fitted with stair 
safety gates were less likely to be admitted to hospital, to attend primary care 
or to access the accident and emergency department (331). A case-control 
study in Bangladesh found that children living in homes where the kitchen 
did not have a door were more likely to sustain burns (335). This finding is 
supported by a case-control study from the United Kingdom, in which not 
using safety gates was associated with a significant increase in scalds (336).

The certainty of the evidence that installing stair and safety gates reduces 
the risk of injury was assessed as low to moderate.

6.2.3	 Window guards

One cross-sectional study from the United States of America assessed the 
effect of window guard legislation. Window guards were found to be twice as 
effective in preventing falls than windows without guards (337). 

The certainty of the evidence that window guards reduce the risk of injury was 
assessed as low to moderate.

6.2.4	 Fireplace guards, stoves and unprotected hot surfaces 

Three studies investigated the effects of fireplace and stove guards on injury. A 
case-control study in the United States of America found that people admitted 
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to hospital to treat burns were likely to use fireplace guards less often than 
the control group (332). In contrast, a cohort study from the United Kingdom 
found no association between fire guard use and burn injuries (338). A Canadian 
case-control study reported an increased risk for burns or scalds when there 
was no stove guard to prevent children from grabbing pots (329).

Other studies have looked at how the presence of specific lamps or heaters 
affects the risk of injury. A case-control study in the Islamic Republic of Iran 
found that the odds of burn injury were twice as high in homes with unvented 
air heaters rather than conventional vented kerosene- or gas-burning 
heaters (339). A pre-post intervention study in India found that the number of 
unintentional burns was reduced to zero from 23 among 1042 households in 
the 6 months after kerosene lamps were replaced with solar or LED lamps 
(340). In the Bangladesh case-control study, burns were more likely in children 
in the presence of a traditional kerosene lamp (335), and a case-control study 
in Iraq found that people who had been burned or scalded were more likely 
to use kerosene heaters for space heating (330). 

The certainty of the evidence that guarding against fireplaces, stoves and 
dangerous unprotected hot surfaces reduces the risk of injury was assessed 
as low to moderate.

6.2.5	 Home safety modification programmes

Five randomized trials studied the effect of home safety assessment and 
modification programmes on injuries (26, 328, 341–343). These had mixed 
results depending on the comparator for the home safety assessment and 
modification programmes, some of which are effective interventions for, for 
example, reducing falls. However, in general, people living in homes in which 
hazards had been reduced were less likely to sustain injuries than those who 
received no injury prevention interventions. For example, a randomized trial 
in New Zealand of adults over 75 years who had severe visual impairments 
found that there were fewer falls in the group of participants in the home 
safety programme, compared with those who did not receive this programme 
(341). Similarly, a randomized trial in the United States of America showed 
that the rate of medically attended injuries was reduced in children who had 
the programme compared with controls who did not (328). This is supported 
by Keall et al. (2015), who found that medically treated falls were rarer for 
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the group of dwellings that had been assessed and modified for safety (26). 
And a randomized trial from Japan found that falls occurring in the home 1 
year after introducing a home hazard modification programme were reduced 
more in the intervention group than in the control group (343). In contrast, a 
randomized trial of older adults in the United Kingdom found that the home 
modification programme did not reduce the incidence of falls (342).

The certainty of the evidence that home safety modification programmes 
reduce the risk of injury was assessed as moderate.

6.2.6	 Association between the number of hazards in the 
home and the incidence of injuries

Four case-control studies found a dose-response relationship between the 
number of home hazards and the need for medical consultations or visits to 
health care services. A New Zealand study reported an estimated increase of 
22% in the odds of injury occurrence associated with each additional home 
injury hazard (326). A Canadian study of adults aged 65 years and over found 
that an increase in the number of home hazards was associated with an 
increased risk of a second fall-related medical visit (344). While at the other 
end of the age spectrum, a study of children (aged 9 months to 3 years) in 
the United Kingdom found that those who lived in homes without any of the 
four hazards measured (no fire guard, safety gate, smoke alarms and electric 
socket covers) were approximately 20% less likely to have been injured than 
those with all four hazards (338). Finally, a study that compared residents in a 
high fall rate building and a low fall rate building in Florida, United States of 
America, found fewer environmental hazards in the low fall rate building (345). 

In addition, several other studies investigated the association between single 
hazards such as slippery floors, uncovered furniture corners or a lack of grab 
bars in the shower (345–352), with the majority of studies finding a positive 
relationship between the presence of hazards in the home and unintended 
injuries. 

The certainty of the evidence that a higher number of hazards in the home is 
associated with an increased risk of injury was assessed as moderate to high. 
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While many injury prevention interventions have been tested in high-income 
settings, the GDG deems the suggested prevention measures generalizable 
to middle- and low-income countries. This is because injuries have certain 
antecedents. For example, burns are caused by excessive heat. Similarly, 
injury prevention has certain universal interventions applicable to all contexts, 
e.g. burns can be prevented by smoke alarms.

6.3	 Considerations for implementation of the 
guideline recommendation

Several tools are available to help assess and improve home safety. These 
include housing-based health risk assessment methodologies such as the 
English Housing Health and Safety Rating System, the United States National 
Healthy Housing Standard, or the New Zealand Rental Warrant of Fitness 
(developed from the Healthy Housing Index) (242, 353–355). Using such checklists 
relevant to local housing type, including adapting these to low-income settings 
and a variety of housing environments, can help prioritize interventions and 
ensure that serious hazards are not ignored or overlooked (356, 357). 

Taking action to reduce hazards in the home can be efficiently carried out 
alongside housing improvements that address other risk factors covered 
by these guidelines. One key instrument in reducing hazards in housing is 
mandated requirements, accompanied by effective enforcement measures. 
Measures should be put in place to ensure that codes rapidly integrate 
injury and building science. In addition, subsidies and tax incentives can 
encourage safety modifications. Such measures can be supported by 
education campaigns to teach the public what they can do to reduce the risk 
of injury in the home (358).

Reducing injury hazards in the home is likely to provide considerable health 
benefits, particularly for the poorest people, children, the elderly, the disabled 
and other at-risk populations living in the lowest quality housing. This action 
is likely to be cost-effective because the benefits from fewer injury-related 
hospitalizations have been shown to be larger than the costs of improving 
home safety, resulting in net benefits (26, 71, 359–366). Housing that is in such 
a state of disrepair that it cannot be modified may have to be demolished. 
Therefore, implementing this HHGL recommendation will probably need to be 
accompanied by the provision of new low-income housing to avoid potentially 
inequitable consequences. 
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6.4	 Research recommendations 

The research reviewed suggests that interventions aimed at reducing hazards 
in the home are associated with positive health outcomes, but there are 
continuing uncertainties about the size of the benefits and the impact of 
specific interventions. The research base would be strengthened by focusing 
on a number of priorities. 

Current 
state of the 
evidence

Some studies were not included in the review because they assessed multicomponent 
interventions, making the effect of home structure modification on health outcomes 
difficult to distinguish from other interventions to decrease injuries (such as behaviour 
change). Future studies might consider using factorial designs to enable analyses of 
the effects of the specific interventions that make up a multicomponent intervention in 
different locations. These need to be large enough to have adequate power to detect the 
effect on different outcomes. In addition, more research is needed to assess the exposure-
response relationship between the number and type of hazards, the amount of time spent 
in the home, and the frequency and magnitude of injury.

Population of 
interest

The whole population, in particular, people from low- and middle-income countries and 
those both more likely to spend time at home and experience adverse health effects due 
to injury (e.g. the elderly, children, women and people with long-term illnesses).  

Interventions 
of interest 

Reducing injury hazards in housing, including through installing safety devices and 
removing hazards. 

Comparisons 
of interest 

Groups living in home environments where home modifications aimed at reducing the 
risk of injury have been carried out and where home modifications have not been carried 
out; and groups before and after such interventions.

Outcomes of 
interest 

Injuries, including electrocution, broken or fractured bones, mortality due to injuries, 
burns or scalds, and hospitalization (outpatient or inpatient) due to injuries.

Time stamp Current systematic review on the association between hazards in the home and injury 
included studies published up to April 2018.  

Table 6.1  Research recommendations: injury hazards
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	Housing accessibility

Disability is an umbrella term describing physical or psychological 
impairments, activity limitations or participation restrictions (367). At least 
1  billion people, or 15% of the world’s population, have some form of 
disability (368). The disabled population is increasing as the world’s population 
ages (369). Disability disproportionately affects low-income households, and 
has a higher prevalence in low- and middle-income countries (368). Disability 
can cause and contribute to poverty (368). People with functional impairment 
are more likely to be discriminated against when looking for housing, and 
more likely to pay high costs for housing relative to their income (370). 

According to the United Nations Convention on the Rights of Persons with 
Disabilities, Member States have an obligation to identify and eliminate all 
barriers to accessibility, including in housing (371). 

As functioning and disability result from an “interaction between the person’s 
health condition and both personal and environmental factors” (372), contextual 
factors substantially determine whether an impairment is perceived as 
disabling. Accessible dwelling can improve a person’s domain-specific 
functioning within their home. Life span housing (also known as life cycle 
housing, lifetime homes or adaptable housing) can accommodate changes 
in human functioning over a person’s life span, enabling the occupants to 
remain in their homes as long as possible. Universal design (or universal 
housing) is an approach to the design, construction and adaptation of housing 
to meet the needs of all occupants regardless of their age, functioning or 
social situation (373).

Most homes are not currently built with accessibility in mind. For example, 
only about one fifth of public buildings in Enugu city, Nigeria, were found 
to be accessible for wheelchair users (374). However, there is a high chance 
that they will be occupied by people with disablities at some time, especially 
considering the trend of ageing populations. In the United States of America, it 
has been estimated that there is a 60% probability that any new house will be 
occupied by a person with a functional impairment over its life span (375). Non-
accessible home environments expose people with functional impairments 
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to risk of falls and injuries, restricts social participation, negatively affects 
quality of life, and increases the burden on caregivers and external social 
services (376, 377). They limit a person’s ability to manoeuvre in different spaces. 

In order to establish clear guidance on maximizing the health gains associated 
with accessible housing, a systematic review of the evidence on the effects of 
home improvements for people with functional impairment was commissioned.

Question for the systematic review
Do residents with functional or cognitive impairments living in accessible/
usable home environments have better health/social outcomes than residents 
with functional or cognitive impairments living in conventional or unmodified 
home environments?

The systematic review focused on the following priority health outcomes, as 
ranked by the GDG: 
•	 injury rates (especially falls)
•	 well-being/quality of life
•	 mental health/depression
•	 dependency on external social or care services
•	 social participation.

7.1	 Guideline recommendation 

Recommendation Strength of recommendation

Based on current and projected national 
prevalence of populations with functional 
impairments and taking into account trends of 
ageing, an adequate proportion of the housing 
stock should be accessible to people with 
functional impairments.

Strong

Remarks 
•	 People with functional impairments living in accessible home environments 

have better health and are better able to accomplish everyday tasks 
and manage living independently than those living in conventional or 
inaccessible home environments. Implementing agencies should work 
to ensure that people with functional impairments live in accessible 
housing, because this is likely to have beneficial effects on health. The 
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recommendation is limited to the effect of housing accessibility on people 
with functional impairments because of the small number of studies 
focusing on people with cognitive impairments.

•	 Each implementing agency should determine what percentage of the 
housing stock is required to be “adequate” to meet the needs of the 
population with functional impairments. They should do this by considering 
current and projected national prevalence of people with functional 
impairments and trends in ageing. A good discussion on estimation 
methods is available (378). The level required for “adequate” provision will 
need to be reviewed as the population changes; in particular, as it ages. 
Given that accessible housing is not exclusively occupied by people with 
functional impairments, it is likely that the proportion of accessible housing 
stock would be higher than the proportion of households that include 
people with functional impairments. 

•	 Implementing agencies can draw on a range of existing programmes that 
target an increase in the supply of accessible dwellings.

•	 The GDG assessed the certainty of the evidence to indicate the extent to 
which the research supports the recommendation and, in general, the 
certainty of the evidence for interventions to improve the accessibility and 
usability of the houses of people with functional impairment is moderate, 
supporting the decision to provide a strong recommendation. This overall 
certainty arises from a consideration of the accumulated evidence as a 
whole, which suggests important benefits for this disadvantaged population 
even though the evidence is of low certainty for some interventions and 
outcomes. In relation to specific aspects of the findings from the systematic 
review and other information, the certainty of the evidence that people 
with functional impairments are better able to accomplish activities of 
daily living when living in accessible environments was assessed as low 
to moderate; the certainty of the evidence that people with functional 
impairments are less likely to fall and be injured when living in accessible 
environments was assessed as moderate; the certainty of the evidence 
that living in accessible environments reduces the mortality rate of people 
with functional impairments was assessed as low; and the certainty of 
the evidence that people with functional impairments experience positive 
psychological effects and improved quality of life when living in accessible 
environments was assessed as low to moderate. 

•	 Having considered the certainty of the evidence, the balance of benefits 
to harm related to increasing the supply of accessible dwellings, and the 
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feasibility of increasing the supply of accessible dwellings, the GDG made 
a strong recommendation. 

7.2	 Summary of evidence

This recommendation was informed by a systematic review of the evidence 
on the impact of accessible housing on residents with functional or cognitive 
impairments. The systematic review and the GRADE tables used to assess 
the certainty of the evidence are available online at http://www.who.int/
sustainable-development/publications/housing-health-guidelines/en/index.
html in Web Annex F. 

Twenty studies, including six randomized trials, were eligible for the systematic 
review. Almost all the studies focused on people with functional impairments, 
with only one study of people with cognitive impairments (379). Interventions 
implemented to enhance home accessibility features were carried out either 
as a sole intervention or as part of a multicomponent programme. Home 
modifications were mainly focused on architectural changes or fitted devices 
(such as grab bars) targeting mobility issues. Some focused on lighting 
improvements or adjustments targeting vision.

7.2.1	 Activities of daily living 

Functional impairments are often operationalized in terms of whether 
a person can accomplish activities of daily living (ADL) or instrumental 
activities of daily living (IADL). IADL refers to basic tasks of everyday life 
such as bathing, dressing, transferring, toileting, continence and feeding. 
ADL refers to a range of activities that are required for independent living in 
the community, such as preparing meals, housekeeping, taking medication, 
shopping, managing one’s own finances, travelling and using the telephone.

Some studies reported the effects of interventions on ADL/IADL related 
outcomes. Three studies reported considerable decreases in perceived 
difficulties performing ADL/IADL after home modifications (380–382); but 
difficulty with mobility/transfer did not change (382). Self-efficacy, which was 
defined as confidence in managing difficulty, was improved in one intervention 
group (382). Increased safety with ADL/IADL was also identified 2 months 
after home modifications among adults with impairments. The greatest 

U-21291 
Ex.FLO-220 

Page 89 of 172

http://www.who.int/sustainable-development/publications/housing-health-guidelines/en/index.html
http://www.who.int/sustainable-development/publications/housing-health-guidelines/en/index.html
http://www.who.int/sustainable-development/publications/housing-health-guidelines/en/index.html
http://www.who.int/sustainable-development/publications/housing-health-guidelines/en/index.html
http://www.who.int/sustainable-development/publications/housing-health-guidelines/en/index.html
http://www.who.int/sustainable-development/publications/housing-health-guidelines/en/index.html
http://apps.who.int/iris/bitstream/handle/10665/275844/WHO-CED-PHE-18.07-eng.pdf
http://apps.who.int/iris/bitstream/handle/10665/275844/WHO-CED-PHE-18.07-eng.pdf


WHO Housing and health guidelines70

safety benefits were in regard to bathroom use and entry access (380) and 
to difficulty in bathing and toileting (382). In addition, one population-based 
survey identified a strong association between self-recognized difficulty 
managing ADL and perceived unmet needs for home accessibility features 
among people with physical impairments, after adjusting for the severity of 
their physical limitations (383). This suggests that people who already have 
difficulties functioning in everyday life can benefit from home accessibility 
features, possibly delaying further deterioration of their functioning.

One randomized trial involving people with visual impairments did not identify 
a significant improvement overall in self-rated certainty in performing specific 
activities 6 months after lighting adjustments (384). In addition, two studies 
found no significant change in dependence with ADL/IADL at 2 months and 
up to 9 months after home modifications (380, 385), although it was noted that 
dependence in bathing was significantly decreased between 2 to 3 months and 
8 to 9 months after home modifications (385). These non-significant findings 
may be because the participants were elderly meaning that the participants’ 
functions declined so rapidly that specific home modifications had an effect 
only for a short period of time (386). 

Three further studies investigated the impact of interventions on general ADL. 
One randomized trial involving adults above the age of 60 who had had surgery 
for hip fracture in Finland did not detect any significant effects on general 
ADL or IADL (387). However, a quasi-experimental study conducted in Thailand 
found that home modifications improved abilities in all function areas except 
for participants with severe degrees of difficulties (388), and a cross-sectional 
study involving participants from Sweden and Germany showed improvements 
in various aspects of ADL (389).

The certainty of the evidence that people with functional impairments living 
in accessible environments are better able to accomplish activities of daily 
living was assessed as low to moderate.

7.2.2	 Falls/injuries

Studies showed that home modifications aimed at reducing the likelihood 
of falls and injuries for people with functional impairments were successful 
in doing so. One randomized trial reported 41% fewer falls after 1 year in 
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the home safety programme with a group of older adults with severe visual 
impairments, compared with those who did not receive this programme (341). 
A longitudinal prospective cohort study identified a significant reduction in 
falls at home and post-fall hospitalizations among frail older adults after 
the use of a light path coupled with tele-assistance (390). Two other studies 
reported a significantly lower mortality rate in the intervention group over 
the control group after the implementation of the multicomponent home 
modification programme. The programme included training to promote 
healthy behaviours (382, 391).
 
The certainty of the evidence that people with functional impairments living 
in accessible environments have reduced fall and injury rates was assessed 
as moderate.

7.2.3	 Mortality

One randomized trial, reported in two papers (382, 391) reported a significantly 
lower mortality rate in the intervention group over the control group up to 
2 years after the implementation of the multicomponent programme, which 
included home modifications as well as training strategies to promote healthy 
behaviours. However, there was no statistically significant effect on survival 
3 years after the intervention.

The certainty of the evidence that living in accessible environments reduces 
the mortality rate of people with functional impairments was assessed as low.

7.2.4	 Quality of life

Two randomized trials (384, 392) identified the positive effect of interventions 
on quality of life. Ahmad et al. (2013) found that 2 months after the homes of 
paraplegic wheelchair users were modified, quality of life was significantly 
enhanced in the intervention group, compared with the control group (392). 
Brunnström et al. (2004) found that adjustments to living room lighting 
increased quality of life and well-being among adults with low vision (384). 
Conversely, a cross-sectional study with adults with dementia found no 
association between quality of life and home safety and accessibility factors 
such as hazards, grab bars and visual cues (379). 
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The certainty of the evidence that living in accessible environments improves 
the quality of life of people with functional impairments was assessed as low.

7.2.5	 Psychological effects

Three studies identified positive psychological effects of home accessibility 
interventions for people with functional impairments (382, 393, 394). A randomized 
trial found that older adults with functional difficulties reported significantly 
less fear of falling following a multicomponent home intervention (382). A 
quasi-experimental study from Sweden found a significant decrease in fear 
of falling at 3 months but not at 6 months after the intervention (394). Heywood 
(2004) reported that 62% of people whose homes had modified for accessibility 
(through for example installing handrails and grab-rails), reported “feeling 
safer from accidents” and 77% perceived a positive effect on their health (393). 

The certainty of the evidence that people with functional impairments living 
in accessible environments experience positive psychological effects was 
assessed as moderate.

7.2.6	 Participation

One cross-sectional study conducted in Sweden concluded that accessibility 
problems were significantly associated with less participation and autonomy 
and more participation problems (395).

7.3	 Considerations for implementation of the 
guideline recommendation

A report from New Zealand concluded that it would be approximately 22 
times more cost-efficient to build housing that includes key accessibility 
features than to retrofit when an unplanned need arises (396). However, 
in 2006, only 56% of countries had accessibility criteria in their building 
standards (397). Introducing such national regulations in a large number of 
countries could therefore lead to more inclusive societies and avoid extensive 
expenditures on retrofitting. It needs, however, to be noted that globally only 
a very small proportion of the housing stock will be newly built, while most 
of the housing stock requires retrofitting. Accessibility needs therefore to be 

U-21291 
Ex.FLO-220 

Page 92 of 172



7 • Housing accessibility 73

ensured in regulation both for existing and new dwellings. The international 
standard “ISO 21542:2011 Building construction – Accessibility and usability 
of the built environment”, published by the International Organization for 
Standardization, specifies a range of requirements and recommendations 
including on construction aspects of housing accessibility (398). Information on 
low-cost home modifications to increase housing accessibility in low-income 
settings is available from community-based rehabilitation programmes in 
India, using guidelines for care and community integration after spinal cord 
injury produced by the Government of India and the WHO Community-based 
rehabilitation guidelines (399).

Besides the public sector, the private sector is a major partner in promoting 
accessible housing. One such a multistakeholder collaboration has been 
initiated by the National Cooperative Housing Union in Kenya by linking 
government, disability groups and the private sector to identify available land 
and providing technical assistance and loan capital to facilitate accessible 
housing construction (400). In Australia, the housing industry developed a 
target of having all new homes meet the Australian Liveable housing design 
guidelines by 2020. Those guidelines describe a number of elements that 
make a home more responsive to the changing needs of home occupants 
(401). However, voluntary schemes require extensive education and training 
programmes to highlight the benefits of accessible housing. 

Progress towards increasing the stock of accessible housing should be 
carefully monitored. If sufficient progress is not being made using a voluntary 
programme, it may be necessary to introduce a mandatory programme. Such 
schemes are usually introduced gradually. For example, Portugal’s compulsory 
scheme was phased in over 8 years (402). In Sweden, every local authority is 
legally obliged to provide home modifications for people with impairments 
(380). However, planning for home modification requires consultation with 
service users as well as health and architectural professionals to ensure 
the users’ needs are met appropriately. Home modifications that are poorly 
implemented due to bad planning or administrative errors may have a negative 
impact on physical and mental health of persons with impairments (393). 

Accessible housing should consider other factors related to healthy housing in 
addition to usability for occupants. If providing a household with an accessible 
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dwelling entails people moving to another location, it could potentially remove 
them from social networks, child care support, and work or educational 
opportunities, affecting health and earning opportunities (194). 

7.4	 Research recommendations 

The research reviewed suggests that living in accessible housing supports 
the health of people with impairments. However, high-quality research in 
this area is difficult because allocating people to a comparison group is not 
always possible: the home modifications might be mandated under law, or it 
may be unethical to deny or delay accessibility improvements. Table 7.1 lists 
the research priorities in this area.

Current 
state of the 
evidence

There are relatively few high-quality studies, with most studies to date being 
observational or small. The participants and types of intervention reviewed vary greatly. 
Some studies rely on subjective self-reporting rather than objective performance-
based measures, and use different psychometric instruments to identify quality of life 
outcomes. There are few studies conducted outside of high-income settings, and most of 
the research focuses on the experience of adults. For some studies, it is not clear which 
component of the intervention was most effective. Future studies might consider using 
factorial designs to enable analyses of the effects of the specific interventions that make 
up a multicomponent intervention. Longitudinal studies, using standardized outcome 
measurements, are required to provide a stronger evidence base for the health and social 
benefits of home accessibility interventions. 

Population of 
interest

Populations with a range of physical and cognitive impairments. Much of the current 
evidence is based on research with adults with physical impairments in high-income 
settings; future research should consider people with cognitive impairments, people in 
low-income settings, and children and young adults.  

Interventions 
of interest 

Improving accessibility of housing. This could include modification of specific furniture 
and fixtures in the house; structural changes to the inside and immediate outside of 
the house; and assistive devices that are part of the house. Studies should consider 
how different accessibility features affect health and social outcomes for people with 
specific impairments. Research should determine which accessibility features affect these 
outcomes for people with different impairments. 

Comparisons 
of interest 

Groups living in accessible and conventional/unmodified home environments; a group 
before and after intervention.

Outcomes of 
interest 

Injury rates (especially falls), well-being and quality of life, mental health and depression, 
dependency on external social or care services, and social participation.

Time stamp Current systematic review on the association between accessible home environments and 
the health of people with impairments included studies published up to April 2018.  

Table 7.1  Research recommendations: accessibility
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	WHO guidelines for other 
key housing risk factors

This chapter compiles housing-related guideline recommendations from 
existing WHO guidelines and guidance documents. While the summarized 
guideline recommendations are taken verbatim from published WHO 
guidelines, the introductory paragraphs, which outline the current health 
burden of each risk factor rely on other sources and have been drafted for 
the purpose of these guidelines. 

8.1	 Water

Water is a physiological requirement to sustain adequate hydration, to prepare 
food, and to maintain hygiene. Contaminated water transmits infectious 
disease and sometimes non-infectious disease such as lead poisoning from 
leaded pipes and plumbing. Lack of access to sufficient water discourages 
hygiene practices. Water can be contaminated by microbes and chemicals 
at its source, in its storage, and in its transportation, whether by hand-
held vessels, tankers or distribution pipes. It is important to ensure that 
drinking-water supply is reliable, that it is protected from contamination by 
waste water, and that pipes and storage systems are correctly installed and 
maintained (403). 

Everyone has the right to sufficient, safe, acceptable and physically accessible 
and affordable water for personal and domestic use, such as for drinking 
and for hygiene (404). However, in 2015, 844 million people lacked even a 
basic drinking-water service, including 159 million dependent on surface 
water. Only eight out of ten people could use improved sources with water 
available when (405). At least 1.8 billion people use a drinking-water source 
contaminated with faeces (406). Climate change, increasing water scarcity, 
population growth, demographic changes and urbanization pose challenges 
for water supply systems. By 2050, 40% of the world’s population will be living 
in river basins experiencing severe water-stress (407).

Unsafe water and poor sanitation are linked to transmission of diseases 
such as cholera, diarrhoea illnesses, dysentery, hepatitis A, typhoid and 
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polio, and lead poisoning from lead drinking-water service lines, or leaded 
solder, or brass or leaded fixtures. Diarrhoeal disease alone amounts to an 
estimated 3.6% of the total DALY global burden of disease and is responsible 
for the deaths of 1.5 million people every year. It is estimated that 58% of 
that burden, or 842 000 deaths per year, is attributable to inadequate water 
supply, sanitation and hygiene, mostly in low- and middle-income countries 
(132). With children particularly at risk from water-related diseases, access 
to improved sources of water can result in better health and therefore better 
school attendance (408).

8.1.1	 WHO Guidelines for drinking-water quality

Threshold values for water contaminants in drinking-water are available in 
the WHO Guidelines for drinking-water quality (fourth edition published in 2011 
and complemented by the first addendum in 2017) (409, 410).6 WHO documents 
related to water management in buildings and other aspects of WASH provide 
more technical guidance on implementation and are listed at the end of this 
section.

6	 http://www.who.int/water_sanitation_health/publications/2011/dwq_guidelines/
en/ and http://apps.who.int/iris/bitstream/handle/10665/254637/9789241549950-eng.
pdf;jsessionid=E6D91983054C043393978E6A8D216966?sequence=1 
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Guideline values related to drinking-water contamination

1)	Chemical contaminants: The selected chemical contaminants displayed 
in Table 8.1 are associated with potential contamination through pipes 
and plumbing components and therefore are considered relevant from a 
building perspective.

Compound Guideline value

Antimony 0.02 mg/l (20 µg/l)
As the most common source of antimony in drinking-water appears to be 
dissolution from metal plumbing and fittings, control of antimony from such 
sources would be by product control.

Benzo[a]pyrene 0.0007 mg/l (0.7 µg/l)
The presence of significant concentrations of benzo[a]pyrene in drinking-water in 
the absence of very high concentrations of fluoranthene indicates the presence of 
coal tar particles, which may arise from seriously deteriorating coal tar pipe linings. 
It is recommended that the use of coal tar based and similar materials for pipe 
linings and coatings on storage tanks be discontinued.

Copper 2 mg/l (2000 µg/l)
In most instances where copper tubing is used as a plumbing material, 
concentrations of copper will be below the guideline value. However, there are 
some conditions, such as highly acidic or aggressive waters, that will give rise to 
much higher copper concentrations, and the use of copper tubing may not be 
appropriate in such circumstances.

Lead 0.01 mg/l (10 µg/l)
This is a provisional guideline value as the key effects of lead seem not to have a 
threshold. Lead is exceptional compared with other chemical hazards, in that most 
lead in drinking-water arises from plumbing in buildings, and the remedy consists 
principally of removing plumbing and fittings containing lead. All other practical 
measures to reduce total exposure to lead, including corrosion control, should be 
implemented.

Nickel 0.07 mg/l (70 µg/l)
Where nickel leaches from alloys in contact with drinking-water or from 
chromium- or nickel-plated taps, control is by appropriate control of materials in 
contact with the drinking-water and flushing taps before using the water.

Vinyl chloride 0.0003 mg/l (0.3 µg/l)
As vinyl chloride is a known human carcinogen, exposure to this compound should 
be avoided as far as practicable, and levels should be kept as low as technically 
feasible. Vinyl chloride is primarily of concern as a potential contaminant from 
some grades of polyvinyl chloride pipe and is best controlled by specification of 
material quality.

Table 8.1  WHO guideline values for drinking-water quality: chemical contaminants I
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The selected chemical contaminants displayed in Table 8.2 are of greatest 
health concern in some natural waters, and may pose significant health risks 
in non-piped water supply conditions.

Compound Guideline value

Arsenic 0.01 mg/l (10 µg/l) 
The guideline value is designated as provisional on the basis of treatment 
performance and analytical achievability.
Arsenic is usually present in natural waters at concentrations of less than 1–2 µg/l. 
However, in waters, particularly groundwaters, where there are sulfide mineral 
deposits and sedimentary deposits deriving from volcanic rocks, the concentrations 
can be significantly elevated. Signs of chronic arsenicism, including dermal lesions, 
such as hyperpigmentation and hypopigmentation, peripheral neuropathy, skin 
cancer, bladder and lung cancers and peripheral vascular disease, have been 
observed in populations ingesting arsenic-contaminated drinking-water. For local 
non-piped water supplies, the first option for control is often substitution by, or 
dilution with, microbially safe low-arsenic sources. It may also be appropriate 
to use alternative sources for drinking and cooking but to use the contaminated 
sources for purposes such as washing and laundry.

Fluoride 1.5 mg/l (1500 µg/l)
Traces of fluorides are present in many waters, with higher concentrations often 
associated with groundwaters. Skeletal fluorosis (with adverse changes in bone 
structure) may be observed when drinking-water contains 3–6 mg/l fluoride, 
particularly with high water consumption. Crippling skeletal fluorosis usually 
develops only where drinking-water contains over 10 mg/l. The risk of dental 
fluorosis will depend on the total intake of fluoride from all sources and not just 
the concentration in drinking-water. A management guidance document on 
fluoride is available. In some countries, fluoride may also be added to drinking-
water in order to provide protection against dental caries, such that final 
concentrations are usually between 0.5 and 1 mg/l.

Nitrate 50 mg/l (50 000 µg/l)
Methaemoglobinaemia has most frequently been associated with private wells. 
The most appropriate means of controlling nitrate concentrations, particularly 
in groundwater, is the prevention of contamination. This may take the form of 
appropriate management of agricultural practices, the careful siting of pit latrines 
and septic tanks, sewer leakage control, as well as management of fertilizer and 
manure application and storage of animal manures. It may also take the form of 
denitrification of wastewater effluents.

Table 8.2  WHO guideline values for drinking-water quality: chemical contaminants II
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2) Bacteria (selected):

Pathogen Guideline value

Legionella spp. There is no guideline value for Legionella.
Water temperature is an important element of control strategies against 
Legionella. Wherever possible, water temperatures should be kept outside the 
range of 25–50 °C and preferably outside the range of 20–50 °C to prevent the 
growth of the organism. In hot water systems, temperatures leaving heaters 
should be above 60 °C, and temperatures above 50 °C should be maintained 
throughout associated pipework. However, maintaining temperatures of hot 
water above 50 °C may represent a scalding risk in young children, the elderly and 
other vulnerable groups. Where temperatures in hot or cold water distribution 
systems cannot be maintained outside the range of 25–50 °C, greater attention to 
disinfection and strategies aimed at limiting development of biofilms are required.

Escherichia coli Escherichia coli (E. coli) or thermotolerant coliform bacteria must not be detectable 
in any 100 ml sample.
The presence of E. coli indicates faecal contamination of drinking-water due to 
cross-contamination. Such cross-contamination may occur in buildings due to 
cross-connection with non-drinking-water systems or during water transport or 
storage in non-piped water supply conditions where households need to fetch 
water at a source outside their home.

Table 8.3  WHO guideline values for drinking-water quality: bacteria
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Guidelines related to quantity and continuity of drinking-water supply7

Access to drinking-water should be optimal. Interventions to increase levels 
of water service and supply should be prioritized as follows:

Service level Distance/time
Likely volumes of 
water collected

Public health 
risk from poor 
hygiene

Intervention 
priority and 
actions

No access More than 1 km / 
more than 
30-minute round 
trip

Very low: 5 litres per 
capita per day

Very high
Hygiene practice 
compromised 
Basic consumption 
may be compromised

Very high
Provision of basic 
level of service
Hygiene education
Household water 
treatment and safe 
storage as interim 
measure

Basic access Within 1 km / 
within 30-minute 
round trip

Approximately 
20 litres per capita 
per day on average

High
Hygiene may be 
compromised 
Laundry may occur 
off plot

High
Provision of 
improved level of 
service
Hygiene education
Household water 
treatment and safe 
storage as interim 
measure

Intermediate 
access

Water provided 
on plot through at 
least one tap (yard 
level)

Approximately 
50 litres per capita 
per day on average

Low
Hygiene should not 
be compromised 
Laundry likely to 
occur on plot

Low
Hygiene promotion 
still yields health 
gains 
Encourage optimal 
access

Optimal 
access

Supply of water 
through multiple 
taps within the 
house

100–200 litres per 
capita per day on 
average

Very low
Hygiene should not 
be compromised 
Laundry will occur 
on plot

Very low
Hygiene promotion 
still yields health 
gains

Table 8.4  Interventions to increase levels of water service and supply

Interruptions to drinking-water supply, either because of intermittent sources 
or resulting from engineering inefficiencies, are a major determinant of the 
access to and quality of drinking-water. 

7	 These values included in the WHO Guidelines for drinking-water quality refer to the WHO publication on 
Domestic water quantity, service level and health. This latter is being updated and new reference values will 
be ready during 2018.
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Guidelines related to water collection and transport
Maintaining the quality of water during collection and manual transport is 
the responsibility of the household. Good hygiene practices are required 
and should be supported through hygiene education. Hygiene education 
programmes should provide households and communities with skills to 
monitor and manage their water hygiene.

In many low- and middle-income countries, consumers purchase water from 
kiosks and then carry the water home in a variety of containers of varying 
size. Measures should be taken to protect vended water from contamination 
during transport, as well as during storage in the home. These measures 
include transporting and storing water in containers that are clean, free from 
both faecal and chemical contamination, and either enclosed, or with narrow 
openings, and ideally fitted with a dispensing device such as a spigot that 
prevents hand access and other sources of extraneous contamination. Good 
hygiene is required and should be supported by educational programmes.

In other cases, particularly in low-income countries, vendors transport 
and deliver the water to users in tanker trucks. If large volumes are being 
transported, the addition of chlorine to provide a free residual concentration of 
at least 0.5 mg/l at the point of delivery to users is desirable. Tankers should 
also be used solely for water or, if this is not possible, should be thoroughly 
cleaned prior to use.

Guidelines related to plumbing
Significant adverse health effects have been associated with inadequate 
plumbing systems within public and private buildings arising from poor 
design, incorrect installation, alterations and inadequate maintenance.

Numerous factors influence the quality of water within a building’s piped 
distribution system and may result in microbial or chemical contamination 
of drinking-water. Outbreaks of gastrointestinal disease can occur through 
faecal contamination of drinking-water within buildings arising from 
deficiencies in roof storage tanks and cross-connections with wastewater 
pipes, for example. Poorly designed plumbing systems can cause stagnation 
of water and provide a suitable environment for the proliferation of Legionella. 
Plumbing materials, pipes, fittings and coatings can result in elevated 
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heavy metal (e.g. lead) concentrations in drinking-water, and inappropriate 
materials can be conducive to bacterial growth. Potential adverse health 
effects may not be confined to the individual building. Exposure of other 
consumers to contaminants is possible through contamination of the local 
public distribution system, beyond the particular building, through cross-
contamination of drinking-water and backflow.

The delivery of water that complies with relevant standards within buildings 
generally relies on a plumbing system that is not directly managed by the 
water supplier. Reliance is therefore placed on proper installation of plumbing 
and, for larger buildings, on building-specific water safety plans (WSPs).

To ensure the safety of drinking-water supplies within the building system, 
plumbing practices must prevent the introduction of hazards to health. This 
can be achieved by ensuring that:
•	 pipes carrying either water or wastes are watertight, durable, of smooth 

and unobstructed interior and protected against anticipated stresses;
•	 cross-connections between the drinking-water supply and the wastewater 

removal systems do not occur;
•	 roof storage systems are intact and not subject to intrusion of microbial 

or chemical contaminants;
•	 hot and cold water systems are designed to minimize the proliferation of 

Legionella; 
•	 appropriate protection is in place to prevent backflow;
•	 the system design of multistorey buildings minimizes pressure fluctuations;
•	 waste is discharged without contaminating drinking-water; 
•	 plumbing systems function efficiently.

It is important that plumbers are appropriately qualified, have the competence 
to undertake necessary servicing of plumbing systems to ensure compliance 
with local regulations and use only materials approved as safe for use with 
drinking-water.

Design of the plumbing systems of new buildings should normally be approved 
prior to construction and be inspected by an appropriate regulatory body 
during construction and prior to commissioning of the buildings.
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For more information on the essential roles of proper drinking-water system 
and waste system plumbing in public health, see the supporting document 
Health aspects of plumbing (2006) (411). 

Guidelines related to dual piped water supply systems
In some locations, households and buildings served with a piped drinking-
water supply may also receive piped water from an alternative source for non-
potable purposes, creating a dual piped water supply system. The alternative 
water source is usually provided to reduce the use of high-quality water 
resources for non-potable uses (e.g. toilets, washing clothes, irrigation) or 
simply to conserve scarce water resources.

Non-potable piped supplies can potentially introduce health hazards, 
commonly through accidental cross-connections between potable and non-
potable piped supplies. Measures to control health risks from dual piped 
supply systems include: 
•	 use of good design practices that prevent cross-connections;
•	 unambiguous labelling of both systems to ensure that the non-potable 

supply is not mistaken for the potable supply;
•	 installation of the non-potable piped system only by qualified plumbers;
•	 regulation of non-potable piped systems by the authority responsible for 

drinking-water surveillance;
•	 public communication about the potential health risks from exposure to 

non-potable water through cross-connections and the dangers of modifying 
systems by inexperienced and non-certified individuals.

Increasingly in high-income countries, dual systems are being installed at 
a household level or in public buildings. Guidance should be provided on 
installation, particularly where this is by non-certified individuals. Potable 
water supplied into the building should be fitted with a non-return valve in 
order to prevent backflow into the public water supply.

Guidelines related to water storage and handling in the house
Safe water storage and handling in households is important for ensuring 
that treated water does not become re-contaminated. Studies have shown 
that safe storage alone can significantly reduce diarrhoeal disease (412, 413) 

which highlights the importance and the cost–effectiveness of this measure. 
Increasingly a number of household water treatment products incorporate 
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safe storage into their design (as is often the case for filters) or through the 
presence of a chlorine residual (414).

With climate change and increasing fluctuations in water supply and the 
resulting need to store water in the household, safe storage is likely to 
become even more important in the future. Furthermore, safe storage is also 
associated with other health benefits beyond diarrhoeal disease reduction, 
such as decreasing the risk of dengue by reducing breeding grounds for the 
mosquito vector.

Improved containers protect stored household water from the introduction 
of microbial contaminants via contact with hands, dippers, other faecally 
contaminated vehicles or the intrusion of vectors. The use of storage 
containers with narrow openings for filling, and dispensing devices such as 
spouts or taps/spigots is recommended (415).

The installation of large capacity storage tanks in households is increasingly 
common, particularly where water supply is intermittent. Tanks previously 
used for holding non-food-grade liquids such as fuel and sewage should not 
be used. Water storage tanks should be cleaned and disinfected regularly. 
Tanks must be easy to clean, and have no sharp corners that may hold dirt. 
In addition, tanks must be covered and fitted with an access point with a 
lockable lid (416).

Guidelines related to water treatment in the home and water safety plans
A WSP is a comprehensive risk assessment and risk management approach 
that includes all steps in the water supply from catchment to consumer. The 
primary objectives of a WSP in ensuring good drinking-water supply practice 
are the prevention or minimization of contamination of source waters, the 
reduction or removal of contamination through treatment processes and 
the prevention of contamination during central storage, distribution and 
household handling and storage of drinking-water. At a minimum, a WSP 
comprises three key components: an assessment of the drinking-water supply 
system up to the point of consumption in households to determine whether 
the system can deliver water that meets identified targets; identification 
and operational monitoring of measures to control identified risks; and 
management and communication plans describing actions to be taken during 
normal operations or incident conditions (414). 
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Household water treatment (HWT) and safe storage is one particular option 
within a broader WSP to make water safer to drink (414). HWT approaches 
have the potential to have rapid and significant positive health impacts in 
situations where piped water systems are not possible and where people rely 
on source water that may be contaminated or where stored water becomes 
contaminated because of unhygienic handling during transport or in the home. 
HWT is not a substitute for sustainable access to safe drinking-water, but is 
an important interim measure for removing pathogens from drinking-water 
and reducing disease risk (414). 

There are a number of different HWT methods and technologies that aim 
to reduce microbial pathogens, including disinfection by chemicals, heat, 
ultraviolet radiation, filtration, or combinations of these approaches. These 
treatment methods and the related technologies vary in their ability to remove 
the main classes of enteric pathogens that pose health risks (bacteria, 
protozoa and viruses). In order to comprehensively assess effectiveness, WHO 
has set tiered health-based log10 reduction performance targets for household 
water treatment products for the removal of bacteria, viruses and protozoa 
(414). These performance targets are based on microbial risk models using 
assumed levels of reference pathogens in untreated water. The performance 
recommendations and related targets are available in the report Evaluating 
household water treatment options: health-based targets and microbiological 
performance specifications (417). The targets allow for the classification of 
HWT products into three descending levels of performance: 3-star, 2-star 
and 1-star. Performance that does not meet the minimum level is given no 
stars. The performance targets are shown in Table 8.5 (414).

Performance 
classification

Required minimum log10 reduction Interpretation 
(with correct and consistent use)Bacteria Viruses Protozoa

≥4 ≥5 ≥4 Comprehensive protection 
(very high pathogen removal)

≥2 ≥3 ≥2 Comprehensive protection 
(high pathogen removal)

Meets at least 2-star criteria for two classes of 
pathogens

Targeted protection

— Fails to meet WHO performance criteria Little or no protection

Table 8.5  Performance targets for household water treatment products for the removal of 
bacteria, viruses and protozoa
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Since 2014 WHO has been evaluating products against these performance 
targets through the WHO International Scheme to Evaluate Household Water 
Treatment Technologies (“the Scheme”). The objective of the Scheme is to 
independently and consistently evaluate the microbiological performance 
of household water treatment technologies, and in so doing, guide Member 
States and procuring United Nations agencies in the selection of these 
technologies (418).

Selected WHO recommendations, guidance and tools related to buildings 
and drinking-water
There are a range of WHO documents for different stakeholders in the area 
of buildings and water-related health prevention. These documents provide 
technical guidance in relation to water supply and treatment as well as water-
related infrastructure and plumbing within buildings.

Results of round I of the WHO International Scheme to Evaluate Household Water Treatment Technologies 
(2016):
http://apps.who.int/iris/bitstream/10665/204284/1/9789241509947_eng.pdf?ua=1

Technical notes on drinking-water, sanitation and hygiene in emergencies (2013):
http://www.who.int/water_sanitation_health/publications/2011/WHO_TN_03_Cleaning_and_
disinfecting_water_storage_tanks_and_tankers.pdf)

Evaluating household water treatment options:
health-based targets and microbiological performance specifications (2011): http://www.who.int/water_
sanitation_health/publications/2011/household_water/en/

Water safety in buildings (2011):
http://whqlibdoc.who.int/publications/2011/9789241548106_eng.pdf?ua=1

WHO Guidelines for drinking-water quality (2011):
http://apps.who.int/iris/bitstream/10665/44584/1/9789241548151_eng.pdf

Legionella and the prevention of legionellosis (2007):
http://www.who.int/water_sanitation_health/emerging/legionella.pdf

Health aspects of plumbing (2006):
http://www.who.int/water_sanitation_health/publications/plumbinghealthasp.pdf

Managing water in the home: accelerated health gains from improved water supply (2002):
http://www.who.int/water_sanitation_health/dwq/WSH02.07.pdf

U-21291 
Ex.FLO-220 

Page 107 of 172

http://apps.who.int/iris/bitstream/10665/204284/1/9789241509947_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/204284/1/9789241509947_eng.pdf?ua=1
http://www.who.int/water_sanitation_health/publications/2011/WHO_TN_03_Cleaning_and_disinfecting_water_storage_tanks_and_tankers.pdf
http://www.who.int/water_sanitation_health/publications/2011/WHO_TN_03_Cleaning_and_disinfecting_water_storage_tanks_and_tankers.pdf
http://www.who.int/water_sanitation_health/publications/2011/WHO_TN_03_Cleaning_and_disinfecting_water_storage_tanks_and_tankers.pdf
http://www.who.int/water_sanitation_health/publications/2011/WHO_TN_03_Cleaning_and_disinfecting_water_storage_tanks_and_tankers.pdf
http://www.who.int/water_sanitation_health/publications/2011/household_water/en/
http://www.who.int/water_sanitation_health/publications/2011/household_water/en/
http://www.who.int/water_sanitation_health/publications/2011/household_water/en/
http://www.who.int/water_sanitation_health/publications/2011/household_water/en/
http://whqlibdoc.who.int/publications/2011/9789241548106_eng.pdf?ua=1
http://whqlibdoc.who.int/publications/2011/9789241548106_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/44584/1/9789241548151_eng.pdf
http://apps.who.int/iris/bitstream/10665/44584/1/9789241548151_eng.pdf
http://www.who.int/water_sanitation_health/emerging/legionella.pdf
http://www.who.int/water_sanitation_health/emerging/legionella.pdf
http://www.who.int/water_sanitation_health/publications/plumbinghealthasp.pdf
http://www.who.int/water_sanitation_health/publications/plumbinghealthasp.pdf
http://www.who.int/water_sanitation_health/dwq/WSH02.07.pdf
http://www.who.int/water_sanitation_health/dwq/WSH02.07.pdf


WHO Housing and health guidelines88

8.2	 Air quality

This section focuses on WHO air quality recommendations of particular 
relevance to the housing and health context. These include specific indoor 
air quality recommendations, as well as recommendations for ambient air 
quality as pollutants may affect housing conditions through ventilation and 
infiltration, and because some guidelines for ambient air quality are also 
valid for indoor conditions.

Indoor air quality is affected by a number of aspects of the indoor and 
outdoor environment, including the ventilation system, structure of the 
dwelling, its situation, the cooking, lighting and heating devices used, the 
types of furnishing, adhesives and coatings, and outdoor pollution and 
tobacco smoking by occupants or infiltrations of tobacco smoke coming from 
neighbouring units. Damp or humid indoor air encourages mould growth 
and may indicate that there is insufficient ventilation to disperse moisture 
generated from indoor activities like cooking and bathing. Poor quality 
heating and cooking devices, and a lack of ventilation, can result in polluted 
indoor air. Around 3 billion people cook using polluting open fires or simple 
stoves fuelled by kerosene, biomass (wood, animal dung and crop waste) 
and coal; most of them living in low- and middle-income countries (419). 
Household air quality can also be affected by the presence of the carcinogen 
radon, a naturally occurring radioactive gas that can accumulate in enclosed 
spaces, including homes. Poor air quality can result from the presence of 
furnishings and building materials containing toxins such as formaldehyde 
(420–422). Tobacco smoke is an important indoor air pollutant, which contains 
carcinogens and other toxic components (see section 8.3). Finally, natural 
sources of outdoor air pollution, for example stemming from dust storms, or 
industry and transport related pollutants, can enter the home and degrade 
the air (12, 245). 

Poor indoor air quality has a number of adverse health effects. It is associated 
with allergies, a weakened immune system, cancer, and skin, eye, nose 
and throat irritation. It can adversely affect the reproductive, nervous 
and cardiovascular systems. Each year, approximately 3.8 million people 
die prematurely from illness attributable to the household air pollution 
caused by the inefficient use of solid fuels and kerosene for cooking (419). 
Further, ambient air pollution in both cities and rural areas was estimated 

U-21291 
Ex.FLO-220 

Page 108 of 172



8 • WHO guidelines for other key housing risk factors 89

to cause 4.2 million premature deaths worldwide in 2016 (423). There is a 
strong association between indoor dampness and mould and a wide range 
of respiratory symptoms. In Europe, it is estimated that, annually, 0.07 
asthma-related deaths and 50 asthma-related DALYs per 100 000 children 
are associated with exposure to dampness in dwellings (18). 

Expelling or minimizing pollutants, such as through replacing polluting stoves 
and lamps with healthier alternatives, plays a role in ensuring acceptable indoor 
air quality (424). Ventilation is also a crucial intervention. Ventilation standards 
for housing are available from several organizations, such as the ASHRAE 
Standard 62 (243) and in the Buildings Performance Institute Europe (244). 

Other relevant guidance is provided by three recent WHO Guidelines for indoor 
air quality publications: Dampness and mould (2009), Selected pollutants (2010) 
and Household fuel combustion (2014). Guidance on exposure to some other 
contaminants that are sometimes present in the indoor environment, and 
that are not covered by those guidelines, is provided by the WHO Air quality 
guidelines for Europe (2000; updated 2006 for specific pollutants) and the WHO 
Handbook on indoor radon (2009). 
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8.2.1	 WHO Guidelines for indoor air quality

WHO Guidelines for indoor air quality: selected pollutants (2010)8 

Compound Guideline value

Benzene •	 No safe level of exposure can be recommended
•	 Unit risk of leukaemia per 1 μg/m3 air concentration is 6 x 10-6

•	 The concentrations of airborne benzene associated with an excess lifetime 
risk of 1/10 000, 1/100 000 and 1/1 000 000 are 17, 1.7 and 0.17 μg/m3, 
respectively

Carbon monoxide •	 15 minutes – 100 mg/m3

•	 1 hour – 35 mg/m3

•	 8 hours – 10 mg/m3

•	 24 hours – 7 mg/m3

Formaldehyde •	 0.1 mg/m3 – 30-minute average

Naphthalene •	 0.01 mg/m3 – annual average

Nitrogen dioxide •	 200 μg/m3 – 1-hour average
•	 40 μg/m3 – annual average

Polycyclic aromatic 
hydrocarbons

•	 No threshold can be determined and all indoor exposures are considered 
relevant to health

•	 Unit risk for lung cancer for polycyclic aromatic hydrocarbon mixtures is 
estimated to be 8.7 x 10-5 per ng/m3 of benzo[a]pyrene (B[a]P)

•	 The corresponding concentrations for lifetime exposure to B[a]P producing 
excess lifetime cancer risks of 1/10 000, 1/100 000 and 1/1 000 000 are 
approximately 1.2, 0.12 and 0.012 ng/m3, respectively

Radon •	 The excess lifetime risk of death from radon-induced lung cancer (by the 
age of 75 years) is estimated to be 0.6 × 10-5 per Bq/m3 for lifelong non-
smokers and 15 × 10-5 per Bq/m3 for current smokers (15–24 cigarettes per 
day); among ex-smokers, the risk is intermediate, depending on time since 
smoking cessation 

•	 The radon concentrations associated with an excess lifetime risk of 1/100 and 
1/1000 are 67 and 6.7 Bq/m3 for current smokers and 1670 and 167 Bq/m3 for 
lifelong non-smokers, respectively

Trichloroethylene •	 Unit risk estimate of 4.3 x 10-7 per μg/m3

•	 The concentrations of airborne trichloroethylene associated with an excess 
lifetime cancer risk of 1:10 000, 1:100 000 and 1:1 000 000 are 230, 23 and 
2.3 μg/m3, respectively

Tetrachloroethylene •	 0.25 mg/ m3 – annual average

Table 8.6  WHO guideline values for indoor air quality: selected pollutants

8	 Source: http://www.euro.who.int/__data/assets/pdf_file/0009/128169/e94535.pdf

U-21291 
Ex.FLO-220 

Page 110 of 172

http://www.euro.who.int/__data/assets/pdf_file/0009/128169/e94535.pdf
http://www.euro.who.int/__data/assets/pdf_file/0009/128169/e94535.pdf


8 • WHO guidelines for other key housing risk factors 91

WHO Guidelines for indoor air quality: dampness and mould (2009)9

Dampness in buildings is affected by indoor and outdoor conditions in relation 
to air temperature and air humidity, the degree of air exchange between 
indoor and outdoor settings, and the generation of humidity within a given 
building. It furthermore depends on construction type, building materials and 
quality of a building whether a certain level of humidity is considered a risk 
factor for dampness or not. 

Mould growth is affected by various building parameters such as moisture, 
temperature, ventilation and building materials, as well as the behaviour of 
a building’s occupants. However, mould growth always signals inadequate 
building features and a potential health risk to be remediated, and there is no 
exposure value for mould growth that can be considered safe for health. The 
same applies to mould spores which are practically omnipresent in residential 
indoor environments. 

Therefore, WHO recommendations on mould and dampness were developed 
as qualitative guidance instead of quantitative exposure limits related to 
dampness, mould growth, species or occurrence of spores.

Guideline recommendations
•	 Persistent dampness and microbial growth on interior surfaces and in 

building structures should be avoided or minimized, as they may lead to 
adverse health effects.

•	 Indicators of dampness and microbial growth include the presence of 
condensation on surfaces or in structures, visible mould, perceived mouldy 
odour and a history of water damage, leakage or penetration. Thorough 
inspection and, if necessary, appropriate measurements can be used to 
confirm indoor moisture and microbial growth.

•	 As the relationships between dampness, microbial exposure and health 
effects cannot be quantified precisely, no quantitative health-based 
guideline values or thresholds can be recommended for acceptable levels 
of contamination with micro-organisms. Instead, it is recommended that 
dampness and mould-related problems be prevented. When they occur, 
they should be remediated because they increase the risk of hazardous 
exposure to microbes and chemicals.

9	 Source: http://www.euro.who.int/__data/assets/pdf_file/0017/43325/E92645.pdf?ua=1 
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•	 Well-designed, well-constructed, well-maintained building envelopes are 
critical to the prevention and control of excess moisture and microbial 
growth, as they prevent thermal bridges and the entry of liquid or 
vapour-phase water. Management of moisture requires proper control 
of temperatures and ventilation to avoid excess humidity, condensation 
on surfaces and excess moisture in materials. Ventilation should be 
distributed effectively throughout spaces, and stagnant air zones should 
be avoided.

•	 Building owners are responsible for providing a healthy workplace or 
living environment free of excess moisture and mould, by ensuring proper 
building construction and maintenance. The occupants are responsible for 
managing the use of water, heating, ventilation and appliances in a manner 
that does not lead to dampness and mould growth. 

•	 Local recommendations for different climatic regions should be updated to 
control dampness-mediated microbial growth in buildings and to ensure 
desirable indoor air quality.

•	 Dampness and mould may be particularly prevalent in poorly maintained 
housing for low-income people. Remediation of the conditions that lead 
to adverse exposure should be given priority to prevent an additional 
contribution to poor health in populations who are already living with an 
increased burden of disease.

WHO Guidelines for indoor air quality: household fuel combustion (2014)10

The recommendations on household fuel combustion include four specific 
recommendations, and a best-practice recommendation addressing linked 
health and climate impacts.

Guideline recommendation on emission rate targets (strong 
recommendation)
Emission rates from household fuel combustion should not exceed the 
following emission rate targets (ERTs) for particles with aerodynamic 
diameters of less than 2.5 µm (PM2.5) and carbon monoxide (CO), based on 
the values for kitchen volume, air exchange and duration of device use per 
day set out in Tables 8.7–8.9 and which are assumed to be representative 
of conditions in low- and middle-income countries. This recommendation 
focuses on the two most important products of incomplete combustion, PM2.5 

10	 Source: http://apps.who.int/iris/bitstream/10665/141496/1/9789241548885_eng.pdf?ua=1 
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and CO. However, WHO recognizes the importance of other pollutants as well, 
for example, toxic components of coal or emissions of nitrogen dioxide from 
gas appliances.

Parameter Unit
Geometric 
mean

Range Standard 
deviation Minimum Maximum

Air exchange rate (a) Per hour 15 5 45 7.5

Kitchen volume (V) m3 30 5 100 15

Device burn time Hours per day 4 0.75 8 2

Table 8.7  Input distributions for air exchange rates, kitchen volumes and device burn times used 
in the development of emission rate targets

For the vented devices listed in Tables 8.8 and 8.9, an average of 25% (range 
1–50%, standard deviation = 10%) of total emissions is assumed to enter the 
room. 

Emission rate targets
Emission rate 
(mg/min)

Percentage of 
kitchens meeting AQG 
(10 µg/m3)

Percentage of 
kitchens meeting AQG 
IT-1 (35 µg/m3)11

Unvented
Intermediate ERT
ERT

1.75
0.23

6
90

60
100

Unvented
Intermediate ERT
ERT

7.15
0.80

9
90

60
100

Table 8.8  Emission rate targets for meeting WHO air quality guidelines for PM2.5, including a less 
stringent intermediate ERT for which 60% homes would meet the guideline

Emission rate targets
Emission rate 
(mg/min)

Percentage of 
kitchens meeting AQG 
(7 mg/m3)

Unvented
Intermediate ERT
ERT

0.35
0.16

60
90

Unvented
Intermediate ERT
ERT

1.45
0.59

60
90

Table 8.9  Emission rate targets for meeting WHO air quality guidelines for CO, including a less 
stringent intermediate ERT for which 60% homes would meet the guideline

11	 AQG IT-1 represents the interim target for the air quality guidelines (AQG) if the recommended guideline 
value cannot be achieved.
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Guideline recommendations on policies during transition to technologies 
and fuels that meet WHO air quality guidelines (strong recommendation)
Governments and their implementing partners should develop strategies to 
accelerate efforts to meet the above air quality guidelines’ emission ERTs. 
Where intermediate steps are necessary, transition fuels and technologies 
that offer substantial health benefits should be prioritized.

Guideline recommendation on household use of coal (strong 
recommendation)
Unprocessed coal should not be used as a household fuel. In this context, 
unprocessed coal is defined as coal that has not been treated by chemical, 
physical, or thermal means to reduce contaminants.

Guideline recommendation on household use of kerosene (paraffin) 
(conditional recommendation)
The household use of kerosene is discouraged while further research into 
its health impacts is conducted. Existing evidence shows that household use 
of kerosene can lead to levels of PM and other pollutants that exceed WHO 
guidelines. As well, the risk of burns, fires and poisoning, associated with the 
use of kerosene in developing countries is a cause for concern.

Good practice recommendation on securing health and climate co-benefits
Considering the opportunities for synergy between climate policies and 
health, including financing, WHO recommends that governments and other 
agencies developing and implementing policy on climate change mitigation 
consider action on household energy and carry out relevant assessments to 
maximize health and climate gains.

8.2.2	 WHO Guidelines for ambient air quality

WHO Air quality guidelines – global update 2005 (2006)12

The guideline values presented in Table 8.10 relate to compounds also found 
in the indoor environment. Guideline values from this document relating to 
other contaminants relevant to housing (PM2.5, PM10) have been supported by 
the WHO Guidelines for indoor air quality: selected pollutants (2010), as already 
summarized above. These guidelines also provide a more recent indoor air-
specific value for nitrogen dioxide.

12	 Source: http://www.who.int/phe/health_topics/outdoorair/outdoorair_aqg/en/
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Compound
Guideline value valid indoors and 
outdoors

Interim target levels13 

IT-1 IT-2 IT-3

PM2.5 10 μg/m3 annual mean
25 μg/m3 24-hour mean

35 μg/m3

75 μg/m3

25 μg/m3

50 μg/m3

15 μg/m3

37.5 μg/m3

PM10 20 μg/m3 annual mean 
50 μg/m3 24-hour mean

70 μg/m3

150 μg/m3

50 μg/m3

100 μg/m3

30 μg/m3

75 μg/m3

Ozone 100 μg/m3 daily maximum 8-hour mean 160 μg/m3 — —

Sulfur dioxide 20 μg/m3 24-hour mean
500 μg/m3 10-minute mean

125 μg/m3

—
50 μg/m3

—
—
—

Table 8.10  Guideline values from WHO Air quality guidelines – global update 2005

For many other air pollutants, the second edition of the WHO Air quality 
guidelines for Europe (2000)14 provides global WHO recommendations on air 
pollution exposure. In the absence of updated or indoor-specific guideline 
values, the air quality guidelines are considered applicable for indoor 
exposure as well. An update of these guidelines is under way. 

8.3	 Tobacco smoke

Involuntary (or passive) smoking is the exposure to SHS, which is a mixture 
of exhaled mainstream smoke and side stream smoke released from a 
smouldering cigarette or other smoking device (cigar, pipe, bidi, hookah etc.) 
and diluted with ambient air. Second-hand tobacco smoke is also referred 
to as “environmental” tobacco smoke. Involuntary smoking involves inhaling 
carcinogens and other toxic components that are present in SHS (425).

Second-hand smoke is estimated to have caused about 603 000 premature 
deaths in 2004. These include 166 000 deaths from lower respiratory infections 
and 1 100 from asthma in children, and 35 800 deaths from asthma, 21 000 
deaths from lung cancer and 379 000 deaths from IHD in adults. This disease 
burden amounts in total to about 10.9 million DALYs. Of all deaths attributable 
to SHS, 28% occur in children, and 47% in women (426).

Second-hand tobacco smoke is a serious health challenge in indoor settings 
where the exposure can quickly accumulate. 

13	 Three interim targets (IT) were defined, which have been shown to be achievable with successive and 
sustained abatement measures. Countries may find these IT helpful in gauging progress over time in the 
difficult process of steadily reducing population exposures to PM.

14	 http://www.euro.who.int/__data/assets/pdf_file/0005/74732/E71922.pdf?ua=1
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8.3.1	 WHO Guidelines for indoor air quality: selected 
pollutants (2010)15 

The WHO guidelines for environmental tobacco smoke published in the second 
edition of the WHO Air quality guidelines for Europe, stating that there is no 
evidence for a safe exposure level, are clear and remain valid. 

8.3.2	 Protection from exposure to second-hand tobacco 
smoke: policy recommendations (2007)16

Scientific evidence has firmly established that there is no safe level of 
exposure to SHS, a pollutant that causes serious illnesses in adults and 
children. There is also indisputable evidence that implementing 100% smoke-
free environments is the only effective way to protect the population from the 
harmful effects of exposure to SHS.

8.4	 Noise

Noise levels in the home result from noise inside and outside. Inside the 
dwelling, ventilation systems, machines and home appliances contribute to 
noise levels. Outside the dwelling, sources of noise include: road, rail and 
air traffic; construction and public works; sporting events; playgrounds, 
schools and public spaces; animals; bars and restaurants; and neighbouring 
dwellings. The expansion of urban activities, highway systems, airports, roads 
and low-quality building construction patterns increase the level of noise that 
people are exposed to in the home (427). 

Exposure to noise can lead to auditory and non-auditory effects on health. 
Through direct injury to the auditory system, noise leads to auditory effects 
such as hearing loss and tinnitus. As well, noise is a non-specific stressor 
that has been shown to adversely affect human health, especially following 
long-term exposure. This is due to psychological and physiological distress as 
well as disturbance of the organism’s homeostasis and increasing allostatic 
load (428). The main recognized effects from environmental noise include 
annoyance, cardiovascular disease, cognitive impairment and effects on sleep, 
affecting in particular vulnerable population groups as pregnant women, etc. 

15	 Source: http://www.euro.who.int/__data/assets/pdf_file/0009/128169/e94535.pdf
16	 Source: http://apps.who.int/iris/bitstream/10665/43677/1/9789241563413_eng.pdf
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The burden of disease due to environmental noise has been estimated for 
western Europe. With conservative assumptions applied to the calculation 
methods, it is estimated that DALYs lost from environmental noise equate 
to 61 000 years for IHD, 45 000 years for cognitive impairment of children, 
903 000 years for sleep disturbance, 22 000 years for tinnitus and 654 000 
years for annoyance. These results indicate that at least 1 million healthy life 
years are lost every year from traffic-related noise in western Europe. Sleep 
disturbance and annoyance, mostly related to road traffic noise, comprise the 
main health-related burden of environmental noise (427).

8.4.1	 WHO Guidelines for noise

Guideline recommendations for the WHO European Region have been 
established regarding night noise (2009) and, recently, for environmental 
noise (2018).

WHO Night noise guidelines for Europe (2009)17

The WHO Night noise guidelines for Europe are specific recommendations for 
noise exposure levels at night, issued by the WHO Regional Office for Europe in 
2009. The guidelines provide evidence-based advice to Member States for the 
development of future legislation and policy action in the area of assessment 
and control of night noise exposure. The guideline values are:

Night noise guideline value:	 40dB Lnight, outside
18

Interim target value:		  55dB Lnight, outside

To protect the public, including the most vulnerable groups, such as children, 
chronically ill and elderly people, from the adverse health effects of night 
noise, an Lnight value of 40 dB was recommended as the target for all sources of 
noise. Further, an Lnight value of 55 dB was recommended as an IT for countries 
that could not follow the guidelines in the short term for various reasons or 
where policy-makers chose to adopt a stepwise approach.

17	 Source: http://www.euro.who.int/__data/assets/pdf_file/0017/43316/E92845.pdf 
18	 Lnight, outside is the night-time noise indicator (Lnight) of Directive 2002/49/EC of 25 June 2002: the A-weighted 

long-term average sound level as defined in ISO 1996-2: 1987, determined over all the night periods of a 
year, in which the night is eight hours (usually 23.00–07.00 local time), a year is a relevant year as regards 
the emission of sound and an average year as regards the meteorological circumstances, the incident 
sound is considered, the assessment point is the same as for Lden. See Official Journal of the European 
Communities, 18.7.2002, for more details. 
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WHO Environmental noise guidelines for the European Region (2018)19

The WHO Environmental noise guidelines for the European Region provide 
recommendations for protecting human health from exposure to environmental 
noise originating from various sources such as transportation (road traffic, 
railway and aircraft) noise, wind turbine noise and leisure noise. 

19	 Source: www.euro.who.int/en/env-noise-guidelines

Source of 
noise Recommendation

Strength of 
recommendation

Road traffic 
noise

For average noise exposure, the GDG strongly recommends reducing 
noise levels produced by road traffic to below 53 dB Lden, as road 
traffic noise above this level is associated with adverse health 
effects.

Strong

For night noise exposure, the GDG strongly recommends reducing 
noise levels produced by road traffic during night time to below 
45 dB Lnight, as night-time road traffic noise above this level is 
associated with adverse effects on sleep.

Strong

To reduce health effects, the GDG strongly recommends that policy-
makers implement suitable measures to reduce noise exposure 
from road traffic in the population exposed to levels above the 
guideline values for average and night noise exposure. For specific 
interventions, the GDG recommends reducing noise both at the 
source and on the route between the source and the affected 
population by changes in infrastructure.

Strong

Railway 
noise

For average noise exposure, the GDG strongly recommends reducing 
noise levels produced by railway traffic to below 54 dB Lden, as 
railway noise above this level is associated with adverse health 
effects.

Strong

For night noise exposure, the GDG strongly recommends reducing 
noise levels produced by railway traffic during night time to below 
44 dB Lnight, as night-time railway noise above this level is associated 
with adverse effects on sleep.

Strong

To reduce health effects, the GDG strongly recommends that policy-
makers implement suitable measures to reduce noise exposure from 
railways in the population exposed to levels above the guideline 
values for average and night noise exposure. There is, however, 
insufficient evidence to recommend one type of intervention over 
another.

Strong

Table 8.11  Recommendations of the WHO Environmental noise guidelines for the European 
Region
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Source of 
noise Recommendation

Strength of 
recommendation

Aircraft noise For average noise exposure, the GDG strongly recommends reducing 
noise levels produced by aircraft to below 45 dB Lden, as aircraft 
noise above this level is associated with adverse health effects.

Strong

For night noise exposure, the GDG strongly recommends reducing 
noise levels produced by aircraft during night time to below 40 dB 
Lnight, as night-time aircraft noise above this level is associated with 
adverse effects on sleep.

Strong

To reduce health effects, the GDG strongly recommends that 
policy-makers implement suitable measures to reduce noise 
exposure from aircraft in the population exposed to levels above 
the guideline values for average and night noise exposure. For 
specific interventions, the GDG recommends implementing suitable 
changes in infrastructure.

Strong

Wind turbine 
noise

For average noise exposure, the GDG conditionally recommends 
reducing noise levels produced by wind turbines to below 45 dB 
Lden, as wind turbine noise above this level is associated with 
adverse health effects.

Conditional

No recommendation is made for average night noise exposure Lnight 
of wind turbines. The quality of evidence of night-time exposure to 
wind turbine noise is too low to allow a recommendation.

N/A

To reduce health effects, the GDG conditionally recommends that 
policy-makers implement suitable measures to reduce noise 
exposure from wind turbines in the population exposed to levels 
above the guideline values for average noise exposure. No evidence 
is available, however, to facilitate the recommendation of one 
particular type of intervention over another.

Conditional

Leisure noise For average noise exposure, the GDG conditionally recommends 
reducing the yearly average from all leisure noise sources combined 
to 70 dB LAeq,24h as leisure noise above this level is associated with 
adverse health effects. The equal energy principle can be used to 
derive exposure limits for other time averages, which might be 
more practical in regulatory processes.

Conditional

For single-event and impulse noise exposures, the GDG 
conditionally recommends following existing guidelines and legal 
regulations to limit the risk of increases in hearing impairment from 
leisure noise in both children and adults.

Conditional

Following a precautionary approach, to reduce possible health 
effects, the GDG strongly recommends that policy-makers take 
action to prevent exposure above the guideline values for average 
noise and single-event and impulse noise exposures. This is 
particularly relevant as a large number of people may be exposed 
to and at risk of hearing impairment through the use of personal 
listening devices. There is insufficient evidence, however, to 
recommend one type of intervention over another.

Strong

Table 8.11  Recommendations of the WHO Environmental noise guidelines for the European 
Region, continued
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8.5	 Asbestos

Asbestos refers to a group of minerals currently or historically used for 
many products. The range of applications for asbestos includes in building 
construction, cement, thermal and electric insulation, fire blankets and 
industrial fire curtains, gaskets and friction materials (e.g. vehicle brake 
shoes and brake pads and clutches). Asbestos is found in houses in floor 
tiling, textured ceilings, roof shingles, thermal insulation, electric insulation 
(around boilers, ducts, pipes, sheeting and fireplaces), pipe cement, glue 
and joint compound. Asbestos is used as a loose fibrous mixture, and can be 
inhaled and ingested (429). 

Exposure to asbestos fibres occurs particularly in circumstances where 
asbestos products have become degraded, such as when housing is in poor 
repair, or during building maintenance, renovation, demolition and destruction 
(such as might happen in a disaster). In addition, workers are exposed to 
asbestos in asbestos mining and milling, when asbestos is used as part of the 
production process, or when installing or disposing of materials that contain 
asbestos. Such workers can bring fibres into the home on their clothing (429).

Occupational and domestic exposure to asbestos is associated with a number 
of cancers, including lung cancer, larynx cancer, mesothelioma, cancer of 
the ovaries and stomach cancer (430–432). There is no safe level for asbestos 
exposure (432). 

The global burden of disease attributable to asbestos was estimated to amount 
to 107 000 deaths and 1 523 000 DALYs in 2004. Among these, 41 000 deaths 
and 370 000 DALYs were due to asbestos-caused lung cancer, and 7000 deaths 
and 380 000 DALYs were due to asbestosis. The remaining 59 000 deaths and 
773 000 DALYs were attributed to malignant mesothelioma (316). About one in 
every three deaths from occupational cancer is caused by asbestos. Currently, 
about 125 million people in the world are exposed to asbestos in the workplace 
(433). In addition, it is estimated that several thousand deaths annually can be 
attributed to exposure to asbestos in the home (434).
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8.5.1	 WHO Guidelines and recommendations for the use 
of asbestos

Various WHO documents provide guidance and recommendations related 
to the use of asbestos and the prevention of asbestos-related diseases. 
The following section summarizes the most relevant recommendations and 
guidelines.

WHO Air quality guidelines for Europe (second edition) (2000)20,21

Air quality guideline value for asbestos
Asbestos is a proven human carcinogen (IARC Group 1). No safe level can be 
proposed for asbestos because a threshold is not known to exist. Exposure 
should therefore be kept as low as possible.

WHO Guidelines for drinking-water quality (fourth edition) (2011)22

Drinking-water quality guideline value for asbestos 
There is no guideline value for asbestos in drinking-water. There is no 
consistent evidence that ingested asbestos is hazardous to health. Therefore, 
no health-based guideline value for asbestos in drinking-water has been 
established. The primary issue surrounding asbestos-cement pipes is for 
people working on the outside of the pipes (e.g. cutting pipe), because of the 
risk of inhalation of asbestos dust.

WHO report Chrysotile asbestos (2014)23

Recommendations on the elimination of asbestos-related diseases
Bearing in mind that there is no evidence for a threshold for the carcinogenic 
effect of asbestos, including chrysotile, and that increased cancer risks have 
been observed in populations exposed to very low levels, the most efficient 
way to eliminate asbestos-related diseases is to stop using all types of 
asbestos.

20	 Source: http://www.euro.who.int/__data/assets/pdf_file/0005/74732/E71922.pdf?ua=1
21	 The WHO Air quality guidelines for Europe also provided guidelines on man-made vitreous fibres (such as 

rock wool, glass wool or ceramic fibres) which often are used as insulation material. Rock wool, slag wool, 
glass wool and ceramic fibres have been categorized as possibly carcinogenic to humans while glass 
filaments were not considered classifiable as to their carcinogenicity to humans.

22	 Source: http://www.who.int/water_sanitation_health/publications/2011/dwq_guidelines/en/ 
23	 Source: http://apps.who.int/iris/bitstream/10665/143649/1/9789241564816_eng.pdf?ua=1
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Continued use of asbestos cement in the construction industry is a particular 
concern, because the workforce is large, it is difficult to control exposure, 
and in-place materials have the potential to deteriorate and pose a risk to 
those carrying out alterations, maintenance and demolition. In its various 
applications, asbestos can be replaced by some other fibre materials and by 
other products that pose less or no risk to health.

Materials containing asbestos should be encapsulated, and, in general, it is 
not recommended to carry out work that is likely to disturb asbestos fibres. If 
necessary, such work should be carried out only under strict control measures 
to avoid exposure to asbestos, such as encapsulation, wet processes, local 
exhaust ventilation with filtration, and regular cleaning. It also requires the 
use of personal protective equipment – special respirators, safety goggles, 
protective gloves and clothing – and the provision of special facilities for their 
decontamination.

8.6	 Lead

Lead is a highly toxic metal, which is or has been used in many products in 
common usage, including petrol, batteries, paints, electronics, jewellery, 
ceramics, glass, water pipes and other plumbing fittings. People are exposed 
to lead at work or in their local environment, where lead is mined, recycled, 
burned or used in industry. In addition, people can be exposed to lead in 
the home (435). As lead-based paint deteriorates, it flakes and contaminates 
dust in and around the home and soil (436). Food kept in containers that have 
leaded glaze or lead solder can become contaminated. Water is contaminated 
through lead pipes, solder and fittings. Finally, people who work with lead 
may bring lead dust into the home (435). 

No safe level of exposure to lead has been identified and even at low levels 
of exposure lead can cause a wide range of toxic effects. Exposure to lead 
can increase blood pressure (437), which is the most important risk factor for 
cerebrovascular disease. Based on 2015 data, lead exposure is estimated to 
account for 12.4% of the global burden of idiopathic intellectual disability, 
2.5% of the global burden of IHD, 2.4% of the global burden of stroke, 4.4% 
of hypertensive heart disease, 0.8% of rheumatic heart disease and 1.4% of 
other cardiovascular diseases worldwide (438). Exposure to lead has also been 
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linked to chronic kidney diseases in various settings (439–441). Exposure to lead 
is estimated to have caused 853 000 deaths in 2013 (22). 

Young children are particularly vulnerable to lead because they absorb 
four to five times as much ingested lead as adults from a given source. 
Moreover, children’s innate curiosity and their age-appropriate hand-to-
mouth behaviour result in their mouthing and swallowing lead-containing 
or lead-coated objects (435). At high levels, lead attacks children’s brain and 
central nervous system to cause coma, convulsions and even death (435). 
Exposure to even low levels of lead during childhood has been associated 
with attention deficit disorder and neurodevelopmental disorders, including 
reduced intelligence quotient (442–444). 

8.6.1	 WHO Guidelines and recommendations for lead 

WHO has issued guideline values for lead in drinking-water (2011) and in air 
(2000), and a set of recommendations to prevent childhood lead poisoning, 
including some recommendations related to housing as listed below.

WHO Air quality guidelines for Europe (second edition) (2000)24

Air quality guideline value for lead
The annual average lead level in air should not exceed 0.5 μg/m3. To prevent 
further increases in the exposure of future generations, air lead levels should 
be kept as low as possible.

WHO Guidelines for drinking-water quality (fourth edition) (2011)25

Drinking-water quality guideline value for lead
The WHO Guidelines for drinking-water quality have set a provisional 
guideline value of 0.01 mg/l (10 µg/l). For details, see section 8.1.

24	 Source: http://www.euro.who.int/__data/assets/pdf_file/0005/74732/E71922.pdf?ua=1
25	 Source: http://www.who.int/water_sanitation_health/publications/2011/dwq_guidelines/en/
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Exposure to lead: a major public health concern (2010)26

Recommendations on elimination of use of lead27

•	 Phase out the use of lead in paints on a worldwide basis.
•	 Eliminate the use of leaded solder in food and drink cans, as well as in 

water pipes. 
•	 Eliminate the use of lead in homes, schools, school materials and children’s 

toys.
•	 Eliminate the use of lead glazing for pottery intended for cooking, eating 

or drinking.
•	 Encourage the removal of plumbing and fittings containing lead (as this 

is costly, other measures, such as corrosion control and minimizing 
the dissolving of lead in water systems, should be implemented in the 
meantime).

8.7	 Radon

Exposure to radon gas in the home and workplace is one of the main sources 
of exposure to ionizing radiation. Radon is a colourless, odourless gas, 
and is radioactive with a half-life of 3.8 days, decaying by the emission of 
alpha particles. Other major source comes from building materials through 
exposure to gamma radiation from radionuclides 226Ra and 232Th and their 
progeny, and 40K (445), as well as occupying housing built in areas where radon 
has previously been mined (446).

In 2010, there were 98 992 deaths and 2.1 million DALYs attributable to 
residential radon exposure worldwide (447). An assessment on the 
environmental burden of disease associated with inadequate housing in the 
WHO European Region (2011) indicates that radon exposure is associated with 
more than 3000 deaths per year in the three countries of France, Germany 
and Switzerland, with death rates per 100 000 ranging from 2.1 (France) to 3.2 
(Switzerland) (448).

26	 Source: http://www.who.int/ipcs/features/lead..pdf
27	 Although there is no WHO guideline, it should be mentioned that the United States of America has a 

standard for lead in settled dust which is the main source of exposure for most children. It should also be 
mentioned that there are documents for safe and effective methods of lead-based paint hazard control. 
The US Guidelines for the evaluation and control of lead-based paint hazards, US Department of Housing and 
Urban Development, 2012, for both the exposure limits and work practice standards, are a key reference.
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8.7.1	 WHO Handbook on indoor radon (2009)28

The WHO Handbook on indoor radon includes practical guidance on radon 
management considered relevant for the WHO Housing and health guidelines.

Radon prevention and mitigation measures
Addressing radon is important both in construction of new buildings (prevention) 
and in existing buildings (mitigation or remediation). The primary radon 
prevention and mitigation strategies focus on sealing radon entry routes, on 
ventilation and on reversing the air pressure differences between the indoor 
occupied space and the soil underneath the building, employing different 
soil depressurization techniques. In many cases, a combination of strategies 
provides the highest reduction of radon concentrations. In the quest for 
improved home energy efficiency, changes to ventilation need to be carefully 
evaluated to avoid enhanced indoor exposure to radon and risk of lung cancer.

National radon policies and related public health programmes
A national radon policy should focus on identifying geographic areas where 
populations are most at risk from radon exposures and raising public 
awareness about the associated health risk. Key elements for a successful 
national programme include collaboration with other health promotion 
programmes (e.g. indoor air quality, tobacco control) and training of building 
professionals and other stakeholders involved in the implementation of radon 
prevention and mitigation.

Appropriate building codes that require the installation of radon prevention 
measures in homes under construction should be enacted, and the 
measurement of radon during the purchase and sale of homes is useful to 
identify those with high radon concentrations.

Public health programmes to reduce the radon risk should be ideally 
developed at national level and include regional and local organizations 
to support implementation. Such national radon programmes would be 
designed to reduce the overall population’s risk from the national average 
radon concentration as well as the individual risk for people living with high 
radon concentrations. 

28	 Source: http://apps.who.int/iris/bitstream/10665/44149/1/9789241547673_eng.pdf
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National reference levels for radon
A national reference level for radon defines a level of risk from indoor radon 
that a country considers to be too high if it continues unchecked in the future. 
It is an important component of a national programme. For homes with radon 
concentrations above this level remedial actions may be recommended or 
required. When setting a reference level, various national factors, such as 
the distribution of radon, the number of existing homes with high radon 
concentrations, the arithmetic mean indoor radon level and the prevalence 
of smoking, should be taken into consideration. In view of the latest scientific 
data, WHO proposes a reference level of 100 Bq/m3 to minimize health hazards 
due to indoor radon exposure.29 However, if this level cannot be reached under 
the prevailing country-specific conditions, the chosen reference level should 
not exceed 300 Bq/m3, which represents approximately 10 mSv per year 
according to calculations by the International Commission on Radiological 
Protection.30

Cost–effectiveness of radon interventions
The choice of radon prevention and mitigation interventions can be based 
on an analysis of cost–effectiveness. In this approach, net health care costs 
are set in relation to net health benefits for a variety of actions or policies, 
providing an index with which these actions can be prioritized. 

Selected analyses indicate that preventive measures in all new buildings 
are cost-effective in areas where more than 5% of current dwellings have 
radon concentrations above 200 Bq/m3.. Prevention in new homes tends to 
be more cost-effective than mitigation of existing homes. In some low-risk 
areas the measurement costs may be higher than the mitigation costs (for 
existing dwellings) due to the high number of homes that will have to be tested 
compared with the proportion of homes mitigated. Even if analyses indicate 
that remediation programmes may not be cost-effective on a nationwide basis, 
remediation should be undertaken in areas of high radon concentrations. 

29	 The WHO Handbook on indoor radon focuses on risk management and thus provides a reference level for 
action as described above. However, as radon is a carcinogen, there is no safe threshold level (see section 
8.2.1). 

30	 The International Commission on Radiological Protection is currently revising its reference dose coefficients 
for inhalation and ingestion of radon isotopes and progeny, which relate indoor radon concentrations  
(in Bq/m3) to annual effective dose (in mSv/y).

U-21291 
Ex.FLO-220 

Page 126 of 172



8 • WHO guidelines for other key housing risk factors 107

8.8	 Additional WHO guidance related to housing

In addition to the above summaries of guidelines and recommendations, a 
wide range of WHO reports address environmental and health issues related 
to housing, or built environments in general and provide various forms of 
guidance. This guidance can be derived from research evidence as well as 
practical experience and intervention reviews. The list below, with links to 
WHO reports and documents, provides further information for researchers, 
practitioners and stakeholders in relation to specific topics. 

Technical guidance documents by WHO

Global report on urban health: equitable, healthier cities for sustainable development (WHO/UN-Habitat, 2016): 
http://www.who.int/kobe_centre/measuring/urban-global-report/ugr_full_report.pdf

World report on ageing and health (WHO, 2015):
http://apps.who.int/iris/bitstream/10665/186463/1/9789240694811_eng.pdf 

World report on disability (WHO, 2011):
http://www.who.int/disabilities/world_report/2011/en/ 

Public health advice on preventing health effects of heat (WHO Regional Office for Europe, 2011):
http://www.euro.who.int/__data/assets/pdf_file/0007/147265/Heat_information_sheet.pdf 

Environmental burden of disease associated with inadequate housing – summary report (WHO Regional Office 
for Europe, 2011):
http://www.euro.who.int/__data/assets/pdf_file/0017/145511/e95004sum.pdf 

Childhood lead poisoning (WHO, 2010):
http://www.who.int/ceh/publications/leadguidance.pdf 

Natural ventilation for infection control in health-care settings (WHO, 2009):  
http://www.who.int/water_sanitation_health/publications/natural_ventilation.pdf 

Essential environmental health standards in health care (WHO, 2008): 
http://www.who.int/water_sanitation_health/hygiene/settings/ehs_health_care.pdf.pdf

World report on child injury prevention (WHO, 2008):
http://www.who.int/violence_injury_prevention/child/injury/world_report/en/ 

Public health significance of urban pests (WHO Regional Office for Europe, 2008):
http://www.euro.who.int/__data/assets/pdf_file/0011/98426/E91435.pdf
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Global age-friendly cities: a guide (WHO, 2007):
http://www.who.int/ageing/publications/Global_age_friendly_cities_Guide_English.pdf 

Pesticides and their application – for the control of vectors and pests of public health importance (sixth edition) 
(WHO, 2006):
http://apps.who.int/iris/bitstream/10665/69795/1/WHO_CDS_NTD_WHOPES_GCDPP_2006.1_eng.pdf

Framework for developing health-based EMF standards (WHO, 2006):
http://www.who.int/peh-emf/standards/framework/en/

Guidelines for vulnerability reduction in the design of new health facilities (PAHO, 2004):
http://www1.paho.org/English/DD/PED/VulnerabilityReduction.pdf 

Guidelines on the prevention of toxic exposures (WHO/UNEP/ILO, 2004):
http://www.who.int/ipcs/features/prevention_guidelines.pdf 

Health impact of low indoor temperatures. Report on a WHO meeting, Copenhagen, 11–14 November 1985 
(WHO, 1987):
http://www.theclaymoreproject.com/uploads/associate/365/file/Health%20Documents/WHO%20-%20
health%20impact%20of%20low%20indoor%20temperatures%20(WHO,%201985).pdf

Policy-related guidance documents by United Nations agencies

New Urban Agenda (UN-Habitat, 2016):
http://habitat3.org/the-new-urban-agenda/  

International guidelines on urban and territorial planning (UN-Habitat, 2015):
http://unhabitat.org/books/international-guidelines-on-urban-and-territorial-planning/ 

The Geneva UN Charter on Sustainable Housing (UNECE, 2015):
https://www.unece.org/fileadmin/DAM/hlm/documents/Publications/UNECE_Charter_EN.pdf 

The right to adequate housing (OHCHR/UN-Habitat, 2009):
http://unhabitat.org/the-right-to-adequate-housing-fact-sheet-no-21rev-1/ 

The right to healthy indoor air (WHO Regional Office for Europe, 2000):
http://www.euro.who.int/__data/assets/pdf_file/0019/117316/E69828.pdf 

Istanbul Declaration on Human Settlements (UN-Habitat, 1996):
http://www.un.org/ga/Istanbul+5/declaration.htm 

The Universal Declaration of Human Rights, Article 25 (UN, 1948):
http://www.un.org/en/universal-declaration-human-rights/ 

IAEA Safety standards for protecting people and the environment (IAEA/WHO, 2015):
http://www-pub.iaea.org/MTCD/publications/PDF/Pub1651Web-62473672.pdf 
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	 Implementation of the 
WHO Housing and health 
guidelines

The purpose of the HHGL is to provide evidence-informed recommendations 
on how to achieve optimal housing standards that promote the health 
and well-being of occupants. While the GDG deems the access to safe 
and healthy housing a right for populations across all Member States, it 
also acknowledges that implementing these recommendations will be 
challenging and vary according to a country’s context (449). Therefore, the 
global guidance referring to structural aspects of healthy housing provided 
by these guidelines needs to be considered in the context of national and 
local priorities relating to the feasibility, acceptability, need and resources for 
implementing single recommendations. As such, successful implementation 
will require coordination between national, regional and local governments, 
and intersectoral collaboration between public, private and civil society actors, 
including implementing partners such as architects, urban planners, social 
housing services, consumer protecting agencies, and the building industry. 
Interventions reducing health risks from poor housing include direct changes 
to the built environment as well as the introduction of loans and subsidies to 
support these changes to the structural housing environment.

The implementation of housing standards also needs to take into consideration 
the life cycle of dwellings, i.e. construction of new buildings, inhabitation, 
renovation and demolition. Housing risks can also have an impact on health at 
different moments of a building’s life. Examples here are the use of asbestos 
and lead, as outlined in sections 8.5 and 8.6. Although the production and the 
control and management of asbestos during building retrofits and demolition 
is controlled, it is still a potential threat to health during habitation, and 
especially during the clean-up of damaged and destroyed buildings (e.g. 
after disasters such as tsunamis and earthquakes), and not only in low-
income countries. The life course of the building is therefore an important 
dimension to be considered during the implementation of the guidelines, 
especially as some health-relevant guidance presented in the HHGL may not 
be implementable in some of the existing housing stock, or only at high cost.
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Implementation of the guidelines will further vary depending on the 
geographical location of a country. While in some climate zones, a priority 
might be to protect people from excess indoor heat; in other regions the 
protection from indoor cold might be more important. As climate change is 
expected to reinforce the occurrence of extreme weather events and impact 
a country’s climatic conditions, the availability of safe and healthy housing 
offering protection from the consequences of climate change will become 
even more important. In addition, the socioeconomic circumstances of a 
country need to be taken into account. While there is growing evidence that the 
recommended interventions are cost-effective and cost-beneficial (see section 
9.3), retrofitting existing housing or building a new housing stock adhering to 
the guidelines at large scale demands significant financial investment from 
governments, including subsidies to support communities and individual 
home owners in implementing new housing standards. Accordingly, the 
national implementation strategy needs to carefully assess the country’s 
needs and resources and accordingly prioritize those interventions that 
are the most feasible, appropriate and highly valued in the specific country 
context.

As the HHGL provide global guidance, they need to be adapted to the local 
context to best meet a country’s priorities and needs. WHO will provide 
technical assistance to its Member States for context-specific implementation 
of the HHGL. This will be done through joint efforts at all three levels of the 
organization and in close collaboration with other United Nations agencies 
involved in housing activities. A modular toolkit supporting the guidelines’ 
implementation at country-level is currently under development. This tailored 
implementation assistance will comprise tools to facilitate priority setting, 
needs assessment, stakeholder mapping, policy analysis, intersectoral 
dialogue, and outreach and advocacy activities. As implementation teams 
will be interdisciplinary, the toolkit will include various knowledge translation 
products, such as policy briefs and training materials, to enable intersectoral 
collaboration and mutual understanding.

9.1	 Health in All Policies and housing

Housing interventions can represent a major opportunity to promote “primary 
prevention” through intersectoral action. The Health in All Policies approach 
emphasizes that ministries of health must act as stewards in other sectors 
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to ensure that health objectives are considered in their policies (450). This 
includes advocating to promote access to social housing for vulnerable 
groups, ensuring standards for housing, and empowering vulnerable groups 
to enhance their security and ownership. To date, many ministries of health 
have not engaged fully with the health impacts of housing, in part because 
housing is often considered to be the responsibility of other departments of 
government, rather than health. 

Implementing the HHGL entails different responsibilities for authorities, 
owners and occupiers in different Member States. Countries have distinctive 
administrative and legal environments, which may include central government 
departments, state departments, regional authorities or local authorities 
(municipalities). In some countries, responsibility for housing is spread across 
a number of government departments, including housing, construction, 
energy, urban planning, transport, public health, finance, industry and 
environment. In addition, policies in other departments affect housing 
supply and affordability, including those on immigration, wages and benefits, 
workforce training, and tax and monetary policy. 

The HHGL demonstrate the interlinkages between housing and health and can 
serve as a starting point for ministries of health to work with other ministries 
to initiate policy processes to improve national and local housing standards. 
Effective policy coordination between government departments is therefore 
a critical step in implementing the HHGL. 

This may include advocating for the importance of healthy housing and 
communicating potential health harms and benefits through closer 
involvement in housing assessments and building and renovation codes. 
In particular, the health sector can work to ensure that proposed housing 
interventions avoid harms and improve health and safety. It can identify 
individuals and households that could most benefit from housing assessments 
and interventions. 

Implementing the HHGL is also an opportunity to strengthen the health 
sector’s engagement with the community, so as to generate a space for 
primary environmental action and to propose a political perspective that 
enables governmental organizations, nongovernmental organizations, 
communities, households, businesses and individuals to be part of the 
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strategic planning, active monitoring and social control in the decision-
making process and in the management of the healthy housing strategy. This 
may involve health advocates being represented in decision-making forums 
regarding construction and planning. WHO will work with ministries of health 
to support this role, and to ensure that health perspectives are strongly 
represented in policies related to housing. The implementation toolkit will 
provide training materials to promote such intersectoral dialogue and bring 
healthy housing to the agenda of policy-makers inside and outside the health 
sector.

9.2	 Co-benefits from multifactorial interventions

The HHGL draw on systematic reviews of research that assessed the impact of 
specific exposures or interventions on health outcomes. This meant that some 
studies were not eligible for the systematic reviews because they reported 
the results of multifactorial interventions. Such interventions aim to address 
a number of housing risks at the same time, and sometimes seek to impact 
on other risks as well (e.g. to improve physical or mental functioning through 
exercise). While such multi-factorial interventions cannot ascribe a particular 
health effect to a particular part of the intervention, they can improve a range 
of health outcomes. Two illustrative examples are provided in Box 1. 

Box 1
The Healthy Housing Programme in South Auckland, 
New Zealand, as a direct response to a type-B 
meningococcal disease epidemic, sought to reduce 
injuries, improve insulation and ventilation, and 
reduce crowding. This was found to be an efficient 
and cost-effective way of addressing multiple health 
risks at the same time, and there was a significant 
reduction in acute hospitalization for people aged 
under 34 years compared with the period before the 
multifactorial intervention (451).

The “breathe-easy homes” at High Point, Seattle, United States of America, were designed to reduce 
exposure to a range of environmental asthma triggers, using moisture-reduction features, enhanced 
ventilation systems, and materials that minimized dust and off-gassing. These measures reduced exposures 
to mould, rodents and moisture, and residents of the breathe-easy homes had more asthma-symptom-
free days than previously after living for 1 year in the homes. The proportion of residents with an urgent 
asthma-related clinical visit in the previous 3 months decreased from 62% to 21% (452). 
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One study assessed the effects of providing upgraded housing to slum 
dwellers in El Salvador, Mexico and Uruguay (453). The upgraded housing 
had tin roofs and was made of insulated pinewood panels or aluminium, 
and was aimed at keeping occupants warm and protected from humidity, 
insects and rain. In addition, floors were raised above the ground to reduce 
dampness and protect occupants from floods and infestations. The housing 
therefore addressed a range of housing risk factors, and constituted a major 
improvement over other housing units in the informal settlements, which 
are typically constructed from poor materials such as cardboard and plastic, 
and have dirt floors. The analysis showed that people in households provided 
with upgraded housing were happier and more satisfied with the quality of 
their lives as compared with the control group. In El Salvador and Mexico, the 
analysis also showed improvements of child health.

When implementing the HHGL it will be helpful to take a multifactorial 
approach, addressing multiple risk factors at the same time in order to 
achieve a range of health benefits in the most efficient manner possible. This 
approach can reduce costs while improving health, and is consistent with the 
way housing improvements are often carried out. In addition, understanding 
the complex interactions associated with housing risk and interventions 
protects against unanticipated consequences, such as the decrease in 
indoor air quality associated with some early efforts to improve insulation 
in housing (454).

Currently, in some places, housing code inspectors or building assessors 
are often deployed based on a specific complaint, such as lack of heating 
or structural instability, and frequently only order corrections for that one 
violation of the building code. Similarly, health inspectors who examine 
housing conditions are often focused on specific issues, such as potable 
water and sewage, radon, lead or asbestos (358, 455, 456). Alternative regulatory 
approaches identify and treat multiple housing deficiencies that are often 
located within the same housing. Examples of the multifactorial approach 
include the English Housing Health and Safety Rating System, the United 
States National Healthy Housing Standard and the New Zealand Rental 
Warrant of Fitness (353–355). This approach can sometimes enable otherwise 
separate funding streams to be integrated, including, for example, funds 
intended to encourage energy efficiency and community development. 
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Such an approach is particularly suitable given that housing deficiencies often 
have the same root causes that together are associated with poor health 
outcomes. For example, excessive moisture can be simultaneously associated 
with: asthma and other respiratory conditions, due to increased exposure to 
mould; lead poisoning, due to paint failure; injuries, due to structural rot; 
increased exposure to pests such as cockroaches; and increased infiltration 
of radon from concrete, shale and soil (246, 457, 458). Thus, correction of moisture 
problems can lead to a variety of improvements in health outcomes via a variety 
of pathways. Similarly, correcting structural defects reduces the risk of injury, 
improves thermal temperature and reduces exposure to outdoor pollutants. The 
clear relationships between housing conditions and multiple different health 
risks, outlined in Chapter 1, emphasize that interventions can often easily and 
efficiently address multiple health risks at the same time. Therefore, policy-
makers should have the co-benefits of multifactorial interventions in mind when 
enacting new regulations or subsidizing home modifications to maximize the 
efficiency of such policy interventions. The implementation toolkit will contain 
a repository of multifactorial interventions and their benefits, to facilitate 
evidence-informed decision-making by policy-makers.

9.3	 Economic considerations for improving housing 
conditions

A recent systematic review highlights considerable evidence on the cost-
effective health benefit of several housing interventions in several populations 
and country settings. For example, the five reviewed studies on lead removal 
for reducing lead poisoning showed that it was very cost-effective (459–463), 
and three studies on retrofitting insulation found that this was also highly 
cost-beneficial (40, 464, 465). An analysis of the New Zealand insulation subsidy 
programme reviewed in Chapter 4 showed that the benefits in savings to the 
health systems outweighed the cost of administrating and subsidizing the 
insulation scheme by almost 4 to 1, with higher benefit to cost ratios of 6 to 1 
for children and older people (40); an earlier analysis with a smaller sample, 
and including energy savings and productivity benefits, found a benefit to cost 
ratio of 2 to 1 (464). Most analyses of home safety modification interventions 
have found these to be cost-effective (26, 359–366). For example, benefits 
outweighed costs in the cluster randomized trial of the impact of home 
modifications on falls in the New Zealand study reviewed in Chapter 6  (71). 
Drawing on insurance payments for medically treated home fall injuries, the 
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benefits in terms of the value of DALYs averted and social costs of injuries 
saved outweighed the intervention by 6 to 1. The benefit–cost ratio can be at 
least doubled for older people and increased by 60% for those with a prior 
history of fall injuries (71).

A WHO cost–benefit analysis showed that improvements in water and sanitation 
access were cost-beneficial across all regions. In developing regions, the 
return on a US$ 1 investment was in the range US$ 5 to US$ 46, depending on 
the intervention. For the least developed regions, every US$ 1 invested to meet 
the combined water supply and sanitation Millennium Development Goals 
led to a return of at least US$ 5 (AFR-D, AFR-E, SEAR-D) or US$ 12 (AMR-B; 
EMR-B; WPR-B) (the letters refer to WHO subregional country groupings 
based on similar rates of child and adult mortality) (466). An analysis of water 
supply improvements in Manila, Philippines, found that improvements in water 
supply supported household finances, as residents were able to reallocate 
time saved in collecting water to income-generating activities (467). The Piso 
Firme programme replaced dirt floors with cement floors in some Mexican 
cities. Comparison of a control and treatment city showed that the programme 
significantly improved the health of young children, with a decreased incidence 
of parasitic infestations, diarrhoea, and the prevalence of anaemia, and a 
significant improvement in children’s cognitive development. People with 
cement floors reported improved satisfaction with housing, and reductions 
in self-assessed depression and stress scales. The authors found that the 
intervention was a more cost-effective policy for improving child cognitive 
development than Mexico’s cash transfer programme (468).

Multifactorial interventions have also been shown to be a good investment. 
For example, the South Auckland, New Zealand, multifactorial intervention 
found that reducing crowding, connecting housing occupants with health and 
social services, and improving housing quality reduces hospitalization rates, 
and had a positive benefit to cost ratio of 1.15 (451). A systematic review of 
multicomponent interventions aimed at reducing asthma morbidity concluded 
that these are a good investment, with each US$ 1 invested yielding US$ 5–14 
in benefits (469). Since that review was carried out in 2011, further United 
States of America studies have shown that asthma home interventions yielded 
returns on investment of 1.90 (470), 1.46 (471) and 1.33 (472). In the United 
Kingdom, it has been estimated that reducing the number of dwellings where 
there are serious “category 1” hazards present (as defined under the Housing 
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Health and Safety Rating System, these include faulty wiring and boilers, very 
cold bedrooms, leaking roof, mould, pest infestation, broken steps, or lack 
of security due to badly fitting external doors or problems with locks) to an 
acceptable level would cost £10 billion, but the consequent improvements in 
occupant health would save the United Kingdom health services £1.4 billion 
in first-year treatment costs alone, allowing the investment to pay for itself 
in 7 years (240). In the European Union, it has been estimated that for every 
€3 invested in improving housing conditions, €2 would be recouped in 1 year 
from savings on health care and publicly funded services (473).

9.4	 Training needs

Implementing the HHGL requires the training of a number of stakeholders. 
Health department professionals need evidence-based training and technical 
assistance programmes to help target communities living in substandard 
housing conditions and to provide solutions to combat hazards in their homes. 
The housing sector (in particular, housing agencies), need specialized training 
and technical assistance programmes to identify housing problems, to build 
better housing, and to remediate existing housing. Health and housing 
professionals have unique expertise to share, and cross-sector collaboration 
should be encouraged. The health and safety of workers involved in housing 
construction and remediation, as well the occupants of that housing, is 
imperative (247). 

As part of the comprehensive implementation strategy, WHO and its partners 
will provide hands-on guidance and information tools, technical assistance, 
and training in order to help drive positive changes in health and housing 
policy and practice at the federal, state and local levels.

9.5	 Dissemination

The HHGL recommendations will be disseminated with the co-operation of a 
broad network of international partners, including: WHO country and regional 
offices; ministries of health; ministries of building and construction; WHO 
collaborating centres; other United Nations agencies, particularly the United 
Nations Human Settlement Programme (UN-HABITAT); and nongovernmental 
organizations. They will also be available on the WHO website. In addition, 
an executive summary and other outreach materials aimed at staff in the 
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health, building and planning sectors, and a wide range of policy-makers 
and programme managers, will be developed and disseminated through 
WHO country offices and their respective partners. Technical support for the 
adaptation and implementation of the HHGL in countries will be provided at 
the request of ministries of health or WHO regional or country offices. 

9.6	 Monitoring and evaluation: assessing the impact 
of the guidelines

Health gains will only be achieved if healthier and safer housing building 
materials, practices and principles are used widely, and if housing is 
maintained properly and replaced when necessary. Active monitoring and 
evaluation of the HHGL are therefore vital. Understanding where and to what 
extent the HHGL are implemented will provide insight into the distribution 
of progress arising from them, as well as an indication of their impact. A 
housing quality surveillance system, similar to a public health system, should 
be considered by Member States. 

One way to monitor the impact of the HHGL will be to apply the environmental 
burden of disease approach to the healthy homes field. The Environmental 
burden of disease associated with inadequate housing: a method guide to the 
quantification of health effects of selected housing risks in the WHO European 
Region (2011), provides a methodological basis to be adopted at the global 
scale as well as extended to several additional risk factors. As the selection of 
the housing factors considered in the report was based primarily on whether 
the relevant data are available and amenable to the environmental burden of 
methodology, some of the potential risks from inadequate housing were not 
covered. However, because data availability has increased in recent years, 
the methodology could be expanded to those housing risk factors covered 
by the HHGL. 

The impact of the HHGL can be evaluated within countries (i.e. monitoring 
and evaluation of the programmes implemented at national or regional scale) 
and across countries (i.e. adoption of the HHGL globally). The implementation 
toolkit will comprise guidance on monitoring and evaluation activities for 
integration into ongoing data collection processes, to avoid an additional 
burden on statistics offices and reporting bodies.
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	Updating and expanding 
the guidelines

The recommendations in the HHGL will be updated after 5 years as more 
evidence becomes available (e.g. on indoor heat exposure). WHO and partners 
intend to seek funds to work with key partners to:
•	 address interventions that were not reviewed for the HHGL;
•	 prioritize research questions addressing the research gaps indicated in 

this report; and
•	 determine the most effective methods for studying the prioritized questions. 

The update will focus in particular on adding recommendations on key 
housing risk factors not covered by this edition (e.g. access to green spaces 
in the immediate housing environment, access to walking and cycling 
infrastructure, housing interventions that protect from vector-borne diseases 
and pests, ventilation), as well as providing recommendations on multifactorial 
interventions. 

As defined in the introduction to these guidelines, the housing definition also 
comprises the immediate housing environment, or the setting around people’s 
home where they carry out their day-to-day activities. The way the immediate 
environment, as a composite of several features including the streets on 
which homes are located as well as the recreational facilities, sources of 
foods (markets and food stores), open spaces, parks, and natural amenities 
available in proximity to homes, is shaped critically impacts health. Urban 
and landuse planning are therefore key public health determinants that would 
benefit from further evidence-based guidance.

Further recommendations might also look at the relation between health 
and other aspects of housing such as security of tenure, residential mobility, 
humidity, structural integrity, and the accessibility of housing to public 
transport, bicycle-friendly streets, walkable neighbourhoods, shops and other 
community resources. 

Through the HHGL, WHO has the potential to continue to support Member 
States in their efforts to close the health equity gap through promoting 
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healthy housing and urban conditions and to contribute to efforts to reduce 
global poverty. Guidance will be developed engaging with housing, planning, 
settlement development sectors, inhabitants, and nongovernmental 
organizations to support them to prioritize actions on housing and health in 
slums and other informal settlements. It will comprise advice on key threats 
to health in slums and on best health prevention and promotion practice. It 
will advise on how to prioritize actions and how to implement the HHGL, as 
well as providing guidance on interventions. 

U-21291 
Ex.FLO-220 

Page 141 of 172



WHO Housing and health guidelines122

References
1.	 Bonnefoy X. Inadequate housing and health: an overview. International Journal of 

Environment & Pollution. 2007;30(3-4):411–29.
2.	 Baker M, Keall M, Au EL, Howden-Chapman P. Home is where the heart is – most of 

the time. New Zealand Medical Journal. 2007;120(1264):U2769.
3.	 World employment social outlook: trends 2016. Geneva: International Labour 

Organization; 2016.
4.	 Bearer C. Environmental health hazards: how children are different from adults. 

Future Child. 1995;5(2):11–26.
5.	 World report on ageing and health. Geneva: World Health Organization; 2015.
6.	 Pachauri RK, Allen MR, Barros V, Broome J, Cramer W, Christ R, et al. Climate 

change 2014: synthesis report. Contribution of working groups I, II and III to the fifth 
assessment report of the Intergovernmental Panel on Climate Change; 2014.

7.	 Slum almanac 2015–2016. Tracking improvement in the lives of slum dwellers. Nairobi: 
UN-Habitat; 2018 (https://unhabitat.org/slum-almanac-2015-2016/, accessed 26 
August 2018).

8.	 Housing: shared interests in health and development. Geneva: World Health 
Organization; 2011.

9.	 International migration report 2015. Highlights. New York: United Nations; 2016.
10.	 Bouillon C, Medellín N, Boruchowicz C. Portrait of a problem: the housing sector. In: 

Bouillon C, editor. Room for development: housing markets in Latin America and the 
Caribbean. Washington (DC): Inter-American Development Bank; 2012.

11.	 UNICEF & WHO. Progress on sanitation and drinking water – 2015 update and MDG 
assessment. Geneva: World Health Organization; 2015.

12.	 Indoor air quality guidelines: household fuel combustion. Geneva: World Health 
Organization; 2014.

13.	 Housing conditions 2014 (updated July 2014). Eurostat; 2014 (http://ec.europa.eu/
eurostat/statistics-explained/index.php/Housing_conditions#Housing_quality_.
E2.80.93_housing_deprivation, accessed 02 August 2014).

14.	 The hidden housing crisis. London: Leonard Cheshire Disability; 2014.
15.	 Raymond J, Wheeler W, Brown MJ. Inadequate and unhealthy housing, 2007 and 2009. 

Morbidity & Mortality Weekly Report. 2011;60(1):21–7.
16.	 Global Health Observatory data. Mortality and burden of disease from water and 

sanitation. [website]. Geneva: World Health Organization; 2018 (http://www.who.int/
gho/phe/water_sanitation/burden_text/en/, accessed 20 September 2018).

17.	 Household air pollution and health [website]. Geneva: World Health Organization; 2018 
(http://www.who.int/en/news-room/fact-sheets/detail/household-air-pollution-and-
health, accessed 30 August 2018). 

18.	 Braubach M, Jacobs DE, Ormandy D. Environmental burden of disease associated 
with inadequate housing. Geneva: World Health Organization; 2011.

19.	 Angermann A, Bauer R, Nossek G, Zimmermann N. Injuries in the European Union: a 
statistics summary, 2003–2005. Vienna: Kuratorium für Verkehrssicherheit [Austrian 
Road Safety Board]; 2007.

U-21291 
Ex.FLO-220 

Page 142 of 172

https://unhabitat.org/slum-almanac-2015-2016/
https://unhabitat.org/slum-almanac-2015-2016/


References 123

20.	 Baker MG, McDonald A, Zhang J, Howden-Chapman P. Infectious diseases attributable 
to household crowding in New Zealand: a systematic review and burden of disease 
estimate. Wellington: He Kainga Oranga/Housing and Health Research Programme, 
University of Otago, Wellington; 2013.

21.	 Chalabi M. How many people die in building collapses in India? Interactive map. The 
Guardian datablog [webpage]; 3 September 2013.

22.	 Forouzanfar MH, Alexander L, Anderson HR, Bachman VF, Biryukov S, Brauer M, et 
al. Global, regional, and national comparative risk assessment of 79 behavioural, 
environmental and occupational, and metabolic risks or clusters of risks in 188 
countries, 1990–2013: a systematic analysis for the Global Burden of Disease Study 
2013. Lancet. 2015;386(10010):2287–323.

23.	 Jacobs DE. Environmental health disparities in housing. American Journal of Public 
Health. 2011;101 Suppl 1:S115–22.

24.	 Howden-Chapman P, Chapman R. Health co-benefits from housing-related policies. 
Current Opinion in Environmental Sustainability. 2012;4:414–9.

25.	 Keall MD, Guria J, Howden-Chapman P, Baker MG. Estimation of the social costs 
of home injury: a comparison with estimates for road injury. Accident; Analysis & 
Prevention. 2011;43(3):998–1002.

26.	 Keall MD, Pierse N, Howden-Chapman P, Cunningham C, Cunningham M, Guria 
J, et al. Home modifications to reduce injuries from falls in the home injury 
prevention intervention (HIPI) study: a cluster-randomised controlled trial. Lancet. 
2015;385(9964):231–8.

27.	 Commission on Social Determinants of Health. Closing the gap in a generation: health 
equity through action on the social determinants of health. Geneva: World Health 
Organization; 2008.

28.	 Pega F, Valentine N, et al. The need to monitor actions on the social determinants of 
health. Bulletin of the World Health Organization. 2017;95:784–7.

29.	 Howden-Chapman P, Siri J, Chisholm E, Chapman R, Doll CNH, Capon A. SDG 3 
Ensure healthy lives and promote well-being for all at all ages. In: Griggs DJ, Nilsson 
M, Stevance A-S, McCollum D, editors. A guide to SDG interactions: from science to 
implementation. Paris: International Council for Science; 2017;81–124.

30.	 Transforming our world: The 2030 Agenda for Sustainable Development A/RES/70/1. 
United Nations; 2015.

31.	 Habitat III Draft New Urban Agenda.
32.	 UN Committee on Economic, Social and Cultural Rights (CESCR), General 

Comment No. 4: The Right to Adequate Housing; 1991 (http://www.refworld.org/
docid/47a7079a1.html, accessed 26 August 2018). 

33.	 International Covenant on Economic, Social and Cultural Rights: Adopted and opened 
for signature, ratification and accession by General Assembly resolution 2200A (XXI) 
of 16 December 1966; entry into force 3 January 1976, in accordance with article 27; 
1966.

34.	 Sphere Project. The Sphere Handbook. Rugby: Practical Action Publishing; 2011.
35.	 Farha L. Report of the Special Rapporteur on adequate housing as a component of 

the right to an adequate standard of living, and on the right to non-discrimination in 
this context. Human Rights Council; 2015 (A/HRC/31/54).

36.	 Wilkinson P, Smith KR, Davies M, Adair H, Armstrong BG, Barrett M, et al. Public 
health benefits of strategies to reduce greenhouse-gas emissions: household energy. 
Lancet. 2009;374(9705):1917–29.

37.	 Health in the green economy: health co-benefits of climate change mitigation – 
transport sector. Geneva: World Health Organization; 2011.

U-21291 
Ex.FLO-220 

Page 143 of 172



WHO Housing and health guidelines124

38.	 Braconi F. Housing and schooling: the urban prospect. New York: Citizen’s Housing 
and Planning Council; 2001.

39.	 Howden-Chapman P, Matheson A, Crane J, Viggers H, Cunningham M, Blakely T, et 
al. Effect of insulating existing houses on health inequality: cluster randomised study 
in the community. BMJ. 2007;334(7591):460.

40.	 Grimes A, Denne T, Howden-Chapman P, Arnold R, Telfar-Barnard L, Preval N, et al. 
Cost benefit analysis of the warm up New Zealand heat smart programme. Wellington: 
Ministry of Economic Development; 2012.

41.	 Enterprise Green Community Criteria. Enterprise Community Partners Inc.; 
2011 (https://www.enterprisecommunity.org/solutions-and-innovation/green-
communities/2011-criteria, accessed 26 August 2018). 

42.	 Jacobs DE, Ahonen E, Dixon SL, Dorevitch S, Breysse J, Smith J, et al. Moving 
into green healthy housing. Journal of Public Health Management & Practice. 
2015;21(4):345–54.

43.	 Health in the green economy: health co-benefits of climate change mitigation – 
housing sector. Geneva: World Health Organization; 2011.

44.	 Home RX: the health benefits of home performance − a review of the current evidence 
[internet]. U.S. Department of Energy; 2016 (https://betterbuildingssolutioncenter.
energy.gov/sites/default/files/attachments/Home%20Rx%20The%20Health%20
Benefits%20of%20Home%20Performance%20-%20A%20Review%20of%20the%20
Current%20Evidence.pdf, accessed 26 August 2018).

45.	 Wilson J, Dixon SL, Jacobs DE, Breysse J, Akoto J, Tohn E, et al. Watts-to-
wellbeing: does residential energy conservation improve health? Energy Efficiency. 
2014;7(1):151−60.

46.	 World cities report 2016: urbanization and development − emerging futures. Nairobi: 
UN-Habitat; 2016.

47.	 Cambodia: diversifying beyond garments and tourism country diagnostic study. Manila: 
Asian Development Bank; 2014.

48.	 Lelkes O, Solyomi E. Housing quality deficiencies and the link to income in the EU. 
Vienna: European Centre for Social Welfare Policy and Research; 2010.

49.	 The Global Health Observatory. Geneva: World Health Organization; 2015.
50.	 English Housing Survey 2013/2014. London: Department for Communities and Local 

Government; 2015.
51.	 A decent home: Definition and guidance for implementation. London: Department for 

Communities and Local Government; 2006.
52.	 Perry B. Household incomes in New Zealand: Trends in indicators of inequality and 

hardship 1982 to 2014. Wellington: New Zealand Ministry of Social Development; 2015.
53.	 Lozano-Gracia N, Young C. Housing consumption and urbanization. Washington (DC): 

World Bank; 2014.
54.	 Analysis of household crowding based on Census 2013 data. Wellington: New Zealand 

Ministry of Health; 2014.
55.	 Parckar G. Disability poverty in the UK. London: London Cheshire Disability; 2008.
56.	 Nagaraja J, Menkedick J, Phelan KJ, Ashley P, Zhang X, Lanphear BP. Deaths 

from residential injuries in US children and adolescents, 1985−1997. Pediatrics 
2005;116(2):454−61.

57.	 Evaluation of INAC’s on-reserve housing support. Indigenous and Northern Affairs 
Canada; 2011.

58.	 Smith JP. Healthy body and thick  wallets: the dual relation between health and 
economic status. Journal of Economic Perspectives. 1999;13:145−66.

U-21291 
Ex.FLO-220 

Page 144 of 172

https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/Home%20Rx%20The%20Health%20Benefits%20of%20Home%20Performance%20-%20A%20Review%20of%20the%20Current%20Evidence.pdf
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/Home%20Rx%20The%20Health%20Benefits%20of%20Home%20Performance%20-%20A%20Review%20of%20the%20Current%20Evidence.pdf
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/Home%20Rx%20The%20Health%20Benefits%20of%20Home%20Performance%20-%20A%20Review%20of%20the%20Current%20Evidence.pdf
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/Home%20Rx%20The%20Health%20Benefits%20of%20Home%20Performance%20-%20A%20Review%20of%20the%20Current%20Evidence.pdf
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/Home%20Rx%20The%20Health%20Benefits%20of%20Home%20Performance%20-%20A%20Review%20of%20the%20Current%20Evidence.pdf
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/Home%20Rx%20The%20Health%20Benefits%20of%20Home%20Performance%20-%20A%20Review%20of%20the%20Current%20Evidence.pdf
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/Home%20Rx%20The%20Health%20Benefits%20of%20Home%20Performance%20-%20A%20Review%20of%20the%20Current%20Evidence.pdf
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/Home%20Rx%20The%20Health%20Benefits%20of%20Home%20Performance%20-%20A%20Review%20of%20the%20Current%20Evidence.pdf


References 125

59.	 Burke T, Pinnegar S, Phibbs P, Neske C, Gabriel M, Ralston L, Ruming K. Experiencing 
the housing affordability problem: blocked aspirations, trade-offs and financial 
hardships. Melbourne: Australian Housing and Urban Research Institute; 2007.

60.	 Pollack CE, Griffin BA, Lynch J. Housing affordability and health among homeowners 
and renters. American Journal of Preventive Medicine. 2010;39(6):515−21.

61.	 Kirkpatrick SI, Tarasuk V. Adequacy of food spending is related to housing 
expenditures among lower-income Canadian households. Public Health Nutrition. 
2007;10(12):1464−73.

62.	 Desmond M. Evicted: poverty and profit in the American city. London: Penguin Books 
Ltd; 2016.

63.	 Coulton C, Theodos B, Turner MA. Residential mobility and neighborhood change: real 
neighborhoods under the microscope. Cityscape: A Journal of Policy Development & 
Research. 2012;14(3):55−89.

64.	 UN-Habitat & OHCHR. Forced evictions. New York and Geneva: United Nations; 2014.
65.	 Crowley S. The affordable housing crisis: residential mobility of poor families and 

school mobility of poor children. Journal of Negro Education. 2003;72(1):22−38.
66.	 Desmond M. Eviction and the reproduction of urban poverty. American Journal of 

Sociology. 2012;118(1):88−133.
67.	 Lindberg RA, Shenassa ED, Acevedo-Garcia D, Popkin SJ, Villaveces A, Morley RL. 

Housing interventions at the neighborhood level and health: a review of the evidence. 
Journal of Public Health Management & Practice. 2010;16(5 Suppl):S44−52.

68.	 Howden-Chapman P, Chapman R, Baker MG. Valuing social housing needs to take a 
broader view. Journal of Epidemiology & Community Health. 2013;67(10):803−4.

69.	 Leventhal T, Brooks-Gunn J. Moving to opportunity: an experimental study of 
neighborhood effects on mental health. American Journal of Public Health. 
2003;93(9):1576−82.

70.	 WHO Handbook for guideline development. Geneva: World Health Organization; 2015.
71.	 Keall MD, Pierse N, Howden-Chapman P, Guria J, Cunningham CW, Baker MG. Cost–

benefit analysis of fall injuries prevented by a programme of home modifications: a 
cluster randomised controlled trial. Injury Prevention. 2016.

72.	 Gove WR, Hughes M, Galle OR. Overcrowding in the household: an analysis of 
determinants and effects. New York and London: Academic Press; 1983.

73.	 Evans G. The built environment and mental health. Journal of Urban Health 
2003;80(4):536−55.

74.	 Eurostat. Glossary: overcrowding rate. 2014.
75.	 Canadian Mortgage and Housing Corporation. Housing in Canada Online: definitions 

of variables.
76.	 Wilson W. Overcrowded housing (England). London: House of Commons Library; 2014.
77.	 Housing health and rating system operating guidance: Housing Act 2004 guidance 

about inspections and assessment of hazards given under Section 9. London: Office 
of the Deputy Prime Minister; 2006.

78.	 Memmott P, Birdsall-Jones, C, Greenop, K. Australian Indigenous house crowding. 
Melbourne: Australian Housing and Urban Research Institute Ltd; 2012.

79.	 Goux DM, Maurin E. The effect of overcrowded housing on children’s performance at 
school. Journal of Public Economics 2005;89(5):797−819.

80.	 Adler NE, Newman K. Socioeconomic disparities in health: pathways and policies. 
Health Affairs. 2002;21(2):60−76.

U-21291 
Ex.FLO-220 

Page 145 of 172



WHO Housing and health guidelines126

81.	 Krieger J, Higgins DL. Housing and health: time again for public health action. 
American Journal of Public Health. 2002;92(5):758−68.

82.	 The challenge of slums: Global report on human settlements 2003 (revised and 
updated version 2010). Nairobi: UN-Habitat; 2010.

83.	 Howden-Chapman P, Viggers H, Chapman R, O’Sullivan K, Barnard LT, Lloyd B. 
Tackling cold housing and fuel poverty in New Zealand: a review of policies, research, 
and health impacts. Energy Policy. 2012;49:134−42.

84.	 Evans GW, Saegert S. Residential crowding  in the context of inner city poverty. 
Theoretical Perspectives in Environment-Behavior Research. 2000:247−67.

85.	 Delgado J, Ramirez-Cardich M, Gilman RH, Lavarello R, Dahodwala N, Bazan A, et al. 
Risk factors for burns in children: crowding, poverty, and poor maternal education. 
Injury Prevention. 2002;8(1):38−41.

86.	 Ormandy D. Housing and health in Europe: the WHO LARES project London: Routledge; 
2009.

87.	 Handbook for emergencies. Geneva: United Nations High Commissioner for Refugees; 
2007.

88.	 Principles and recommendations for population and housing censuses (revision 2). 
New York: United Nations; 2007.

89.	 Historical census of housing tables: crowding. Washington (DC): U.S. Census Bureau, 
Housing and Household Economic Statistics Division; 2011.

90.	 Censo Nacional de Población, Hogares y Viviendas 2010. Buenos Aires: Instituto 
Nacional de Estadística y Censos de la República Argentina; 2010.

91.	 Glosario. Hogares con hacinamiento critico. Buenos Aires: Instituto Nacional de 
Estadística y Censos de la República Argentina; 2018 (https://www.indec.gov.ar/
textos_glosario.asp?id=20, accessed 26 August 2018).

92.	 García-Sancho MC, García-García L, Báez-Saldaña R, Ponce-de-León A, Sifuentes-
Osornio J, Bobadilla-del-Valle M, et al. Indoor pollution as an occupational risk factor 
for tuberculosis among women: a population-based, gender oriented, case-control 
study in Southern Mexico. Revista de Investigacion Clinica. 2009;61(5):392−8.

93.	 Hill PC, Jackson-Sillah D, Donkor SA, Otu J, Adegbola RA, Lienhardt C. Risk factors 
for pulmonary tuberculosis: a clinic-based case control study in The Gambia. BMC 
Public Health. 2006;6(1):1.

94.	 Irfan SD, Faruque MO, Islam MU, Sanjoy SS, Afrin D, Hossain A. Socio-demographic 
determinants of adult tuberculosis: a matched case-control study in Bangladesh. 
American Journal of Infectious Diseases. 2017;13(3):32−7.

95.	 Jayanthi M, Shanthi G, et al. Socio economic status responsible for high prevalence 
of tuberculosis in Cuddalore District, Tamil Nadu, South India. Asian Journal of 
Microbiology, Biotechnology & Environmental Sciences. 2012;14(2):267−74.

96.	 Khan FA, Fox GJ, Lee RS, Riva M, Benedetti A, Proulx JF, et al. Housing and 
tuberculosis in an Inuit village in northern Quebec: a case-control study. CMAJ Open. 
2016;4(3):E496−506.

97.	 Lakshmi P, Virdi NK, Thakur J, Smith KR, Bates MN, Kumar R. Biomass fuel and risk 
of tuberculosis: a case-control study from Northern India. Journal of Epidemiology 
& Community Health. 2012;66(5):457−61.

98.	 Lienhardt C, Fielding K, Sillah J, Bah B, Gustafson P, Warndorff D, et al. Investigation 
of the risk factors for tuberculosis: a case-control study in three countries in West 
Africa. International Journal of Epidemiology. 2005;34(4):914−23.

99.	 Tipayamongkholgul M, Podhipak A, Chearskul S, Sunakorn P. Factors associated with 
the development of tuberculosis in BCG immunized children. Southeast Asian Journal 
of Tropical Medicine & Public Health. 2005;36(1):145−50.

U-21291 
Ex.FLO-220 

Page 146 of 172

https://www.indec.gov.ar/textos_glosario.asp?id=20
https://www.indec.gov.ar/textos_glosario.asp?id=20
https://www.indec.gov.ar/textos_glosario.asp?id=20
https://www.indec.gov.ar/textos_glosario.asp?id=20


References 127

100.	 Wanyeki I, Olson S, Brassard P, Menzies D, Ross N, Behr M, et al. Dwellings, crowding, 
and tuberculosis in Montreal. Social Science & Medicine. 2006;63(2):501−11.

101.	 Tesema C, Tadesse T, Gebrehiwot M, Tsegaw A, Weldegebreal F. Environmental and 
host-related determinants of tuberculosis in Metema district, north-west Ethiopia. 
Drug Healthcare & Patient Safety. 2015;7:87−95.

102.	 Tornee S, Kaewkungwal J, Fungladda W, Silachamroon U, Akarasewi P, Sunakorn P. 
Risk factors for tuberculosis infection among household contacts in Bangkok, Thailand. 
Southeast Asian Journal of Tropical Medicine & Public Health. 2004;35:375−83.

103.	 Tornee S, Kaewkungwal J, Fungladda W, Silachamroon U, Akarasewi P, Sunakorn P. 
The association between environmental factors and tuberculosis infection among 
household contacts. Southeast Asian Journal of Tropical Medicine & Public Health. 
2005;36:221.

104.	 Corbett EL, Bandason T, Cheung YB, Makamure B, Dauya E, Munyati SS, et al. Prevalent 
infectious tuberculosis in Harare, Zimbabwe: burden, risk factors and implications 
for control. International Journal of Tuberculosis & Lung Disease. 2009;13(10):1231.

105.	 Goldhaber-Fiebert JD, Jeon CY, Cohen T, Murray MB. Diabetes mellitus and 
tuberculosis in countries with high tuberculosis burdens: individual risks and social 
determinants. International Journal of Epidemiology. 2011;40(2)417−28.

106.	 Søborg B, Andersen AB, Melbye M, Wohlfahrt J, Andersson M, Biggar RJ, et al. Risk 
factors for Mycobacterium tuberculosis infection among children in Greenland. 
Bulletin of the World Health Organization. 2011;89(10):741−8.

107.	 Gyawali N, Gurung R, Poudyal N, Amatya R, Niraula S, Jha P, et al. Prevalence of 
tuberculosis in household contacts of sputum smears positive cases and associated 
demographic risk factors. Nepal Medical College Journal. 2012;14(4):303−7.

108.	 Cluver L, Orkin M, Moshabela M, Kuo C, Boyes M. The hidden harm of home-based 
care: pulmonary tuberculosis symptoms among children providing home medical care 
to HIV/AIDS-affected adults in South Africa. AIDS Care. 2013;25(6):748−55.

109.	 Larcombe L, Nickerson P, Singer M, Robson R, Dantouze J, McKay L, et al. Housing 
conditions in 2 Canadian First Nations communities. International Journal of 
Circumpolar Health. 2012;70(2):141−53.

110.	 Pelissari DM, Diaz-Quijano FA. Household crowding as a potential mediator of 
socioeconomic determinants of tuberculosis incidence in Brazil. PLOS ONE. 
2017;12(4):e0176116-e.

111.	 Harling G, Castro MC. A spatial analysis of social and economic determinants of 
tuberculosis in Brazil. Health & Place. 2014;25:56−67.

112.	 Baker M, Das D, Venugopal K, Howden-Chapman P. Tuberculosis associated with 
household crowding in a developed country. Journal of Epidemiology & Community 
Health. 2008;62(8):715−21.

113.	 Tam K, Yousey-Hindes K, Hadler JL. Influenza-related hospitalization of adults 
associated with low census tract socioeconomic status and female sex in New 
Haven County, Connecticut, 2007−2011. Influenza & Other Respiratory Viruses. 
2014;8(3):274−81.

114.	 Yousey-Hindes KM, Hadler JL. Neighborhood socioeconomic status and influenza 
hospitalizations among children: New Haven County, Connecticut, 2003–2010. 
American Journal of Public Health. 2011;101(9):1785−9.

115.	 Doshi S, Silk BJ, Dutt D, Ahmed M, Cohen AL, Taylor TH, et al. Household-level risk 
factors for influenza among young children in Dhaka, Bangladesh: a case-control 
study. Tropical Medicine & International Health. 2015;20(6):719−29.

116.	 Sloan C, Chandrasekhar R, Mitchel E, Schaffner W, Lindegren ML. Socioeconomic 
disparities and influenza hospitalizations, Tennessee, USA. Emerging Infectious 
Diseases. 2015;21(9):1602−10.

U-21291 
Ex.FLO-220 

Page 147 of 172



WHO Housing and health guidelines128

117.	 Chandrasekhar R, Sloan C, Mitchel E, Ndi D, Alden N, Thomas A, et al. Social 
determinants of influenza hospitalization in the United States. Influenza & Other 
Respiratory Viruses. 2017;11(6):479−88.

118.	 Forshey BM, Laguna-Torres VA, Vilcarromero V, et al. Epidemiology of influenza-like 
illness in the Amazon Basin of Peru, 2008–2009. Influenza & Other Respiratory Viruses. 
2010;4(4):235−43.

119.	 Sekhar S, Chakraborti A, Kumar R. Haemophilus influenzae colonization and its 
risk factors in children aged <2 years in Northern India. Epidemiology & Infection. 
2009;137(2):156−60.

120.	 Fonseca Lima EJ da, Mello MJG, Albuquerque M de FPM de, et al. Risk factors for 
community-acquired pneumonia in children under five years of age in the post-
pneumococcal conjugate vaccine era in Brazil: a case control study. BMC Pediatrics. 
2016;16(1):157.

121.	 Howie SRC, Schellenberg J, Chimah O, Ideh RC, Ebruke BE, Oluwalana C, et al. 
Childhood pneumonia and crowding, bed-sharing and nutrition: a case-control 
study from The Gambia. International Journal of Tuberculosis & Lung Disease. 
2016;20(10):1405−15.

122.	 Verani JR, Groome MJ, Zar HJ, Zell ER, Kapongo CN, Nzenze SA, et al. Risk factors 
for presumed bacterial pneumonia among HIV-uninfected children hospitalized in 
Soweto, South Africa. Pediatric Infectious Disease Journal. 2016;35(11):1169−74.

123.	 Grant CC, Emery D, Milne T, et al. Risk factors for community-acquired pneumonia in 
pre-school-aged children. Journal of Paediatrics & Child Health. 2012;48(5):402−12.

124.	 Mathew J, Singhi S, Ray P, Nilsson A. Predictors of bacterial community acquired 
pneumonia in children: preliminary results from CAPES (Community Acquired 
Pneumonia Etiology Study). International Journal of Infectious Diseases. 
2014;21(S1):239.

125.	 Reisman J, Rudolph K, Bruden D, Hurlburt D, MG B, Hennessy T. Risk factors for 
pneumococcal colonization of the nasopharynx in Alaska Native adults and children. 
Journal of the Pediatric Infectious Diseases Society. 2014;3(2):104−11.

126.	 Tin Tin S, Woodward A, Saraf R, Berry S, Atatoa Carr P, Morton SMB, Grant CC. Internal 
living environment and respiratory disease in children: findings from the Growing Up 
in New Zealand longitudinal child cohort study. Environmental Health. 2016;15(1):120.

127.	 Tse SM, Weiler H, Kovesi T. Food insecurity, vitamin D insufficiency and respiratory 
infections among Inuit children. International Journal of Circumpolar Health. 2016;75.

128.	 Chattopadhyay K. Prevalence and predictors of respiratory diseases among coal-based 
sponge iron plant workers: a cross-sectional study in Barjora, India. Annals of Global 
Health. 2017.

129.	 Diaz J, Morales-Romero J, Pérez-Gil G, Bedolla-Barajas M, Delgado-Figueroa N, 
García-Román R, et al. Viral coinfection in acute respiratory infection in Mexican 
children treated by the emergency service: a cross-sectional study. Italian Journal 
of Pediatrics. 2015;41:33.

130.	 Kohen DE, Bougie E, Guèvremont A. Housing and health among Inuit children. Health 
Reports. 2015;26(11):21−7.

131.	 Kumar SG, Majumdar A, Kumar V, Naik BN, Selvaraj K, Balajee K. Prevalence of 
acute respiratory infection among under-five children in urban and rural areas of 
Puducherry, India. Journal of Natural Science, Biology & Medicine. 2015;6(1):3−6.

132.	 Murray CJ, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, et al. Disability-
adjusted life years (DALYs) for 291 diseases and injuries in 21 regions, 1990−2010: 
a systematic analysis for the Global Burden of Disease Study 2010. Lancet. 
2012;380(9859):2197−223.

U-21291 
Ex.FLO-220 

Page 148 of 172



References 129

133.	 Kristensen I, Olsen J. Determinants of acute respiratory infections in Soweto − a 
population-based birth cohort. South African Medical Journal. 2006;96(7):633−40.

134.	 Larson E, Ferng Y-H, Wong-McLoughlin J, et al. Impact of non-pharmaceutical 
interventions on URIs and influenza in crowded, urban households. Public Health 
Reports. 2010;125(2):178−91.

135.	 Cardoso M, Cousens S, de Góes Siqueira L, Alves F, D’Angelo L. Crowding: risk factor or 
protective factor for lower respiratory disease in young children? BMC Public Health. 
2004;4(1):19.

136.	 Prietsch SOM, Fischer GB, César JA, Lempek BS, Barbosa Jr. LV, Zogbi L, et al. Acute 
lower respiratory illness in under-five children in Rio Grande, Rio Grande do Sul State, 
Brazil: prevalence and risk factors. Cadernos de Saúde Pública. 2018;24:1429−38.

137.	 Firdaus G, Ahmad A. Relationship between housing and health: a cross-sectional 
study of an urban centre of India. Indoor & Built Environment. 2013;22(3):498−507.

138.	 Hughes H, Matsui EC, et al. Pediatric asthma health disparities: race, hardship, 
housing, and asthma in a national survey. Academic Pediatrics. 2017;17(2):127−34.

139.	 Islam F, Sarma R, Debroy A, Kar S, Pal R. Profiling acute respiratory tract infections 
in children from Assam, India. Journal of Global Infectious Diseases. 2013;5(1):8−14.

140.	 Sinha B, Vibha, Singla R, Chowdhury R. Allergic rhinitis: a neglected disease − a 
community based assessment among adults in Delhi. Journal of Postgraduate 
Medicine. 2015;61(3):169−75.

141.	 Weber A, Fuchs N, Kutzora S, Hendrowarsito L, Nennstiel-Ratzel U, von Mutius E, et 
al. Exploring the associations between parent-reported biological indoor environment 
and airway-related symptoms and allergic diseases in children. International Journal 
of Hygiene & Environmental Health. 2017;220(8):1333−9.

142.	 Bruden D, Singleton R, Hawk CS. Eighteen years of respiratory syncytial virus 
surveillance. Pediatric Infectious Disease Journal. 2015;34(9):945−50.

143.	 Ferrer SR, Strina A, Jesus SR, Ribeiro HC, Cairncross S, Rodrigues LC, et al. 
A hierarchical model for studying risk factors for childhood diarrhoea: a case-
control study in a middle-income country. International Journal of Epidemiology. 
2008;37(4):805−15.

144.	 Quigley MA, Cumberland P, Cowden JM, Rodrigues LC. How protective is breast feeding 
against diarrhoeal disease in infants in 1990s England? A case-control study. Archives 
of Disease in Childhood. 2006;91(3):245−50.

145.	 Mourad TA. Palestinian refugee conditions associated with intestinal parasites and 
diarrhoea: Nuseirat refugee camp as a case study. Public Health. 2004;118(2):131−42.

146.	 Harper SL, Edge VL, Ford J, Thomas MK, Pearl DL, Shirley J, et al. Acute gastrointestinal 
illness in two Inuit communities: burden of illness in Rigolet and Iqaluit, Canada. 
Epidemiology & Infection. 2015;143(14):3048−63.

147.	 Okour A, Al-Ghazawi Z, Gharaibeh M. Diarrhea among children and the household 
conditions in a low-income rural community in the Jordan Valley. Jordan Medical 
Journal. 2012;46(2).

148.	 Ramani SV, Fruhauf T, Dutta A. On diarrhoea in adolescents and school toilets: 
insights from an Indian village school study. Journal of Development Studies. 
2017;53(11):1899−914.

149.	 El-Gilany AH, Hammad S. Epidemiology of diarrhoeal diseases among children 
under age 5 years in Dakahlia, Egypt. Eastern Mediterranean Health Journal. 
2005;11(4):762−75.

150.	 Monasta L, Andersson N, Ledogar RJ, Cockcroft A. Minority health and small numbers 
epidemiology: a case study of living conditions and the health of children in 5 foreign 
Romá camps in Italy. American Journal of Public Health. 2008;98(11):2035−41.

U-21291 
Ex.FLO-220 

Page 149 of 172



WHO Housing and health guidelines130

151.	 Pezzani B, Ciarmela ML, Apezteguía MC, Molina N, Orden A, Rosa D, Minvielle MC. 
Intestinal parasitoses in suburban and rural schoolchildren in Argentina. Revista Patol 
Trop. 2012;41:63-73. 

152.	 Mohan VR, Karthikeyan R, Babji S, McGrath M, Shrestha S, Shrestha J, et al. Rotavirus 
infection and disease in a multisite birth cohort: results from the MAL-ED Study. 
Journal of Infectious Diseases. 2017;216(3):305−16.

153.	 Etiler N, Velipasaoglu S, Aktekin M. Risk factors for overall and persistent diarrhoea 
in infancy in Antalya, Turkey: a cohort study. Public Health. 2004;118(1):62−9.

154.	 Kyle RG, Kukanova M, Campbell M, Wolfe I, Powell P, Callery P. Childhood disadvantage 
and emergency admission rates for common presentations in London: an exploratory 
analysis. Archives of Disease in Childhood. 2011;96(3):1093−6.

155.	 Etiler N, Velipasaoglu S, Aktekin M. Risk factors for overall and persistent diarrhoea 
in infancy in Antalya, Turkey: a cohort study. Public Health. 2004;118(1):62−9.

156.	 Mirabel M, Fauchier T, Bacquelin R, Tafflet M, Germain A, Robillard C, et al. 
Echocardiography screening to detect rheumatic heart disease: a cohort study 
of schoolchildren in French Pacific Islands. International Journal of Cardiology. 
2015;188:89−95.

157.	 Jaine R, Baker M, Venugopal K. Acute rheumatic fever associated with household 
crowding in a developed country. Pediatric Infectious Disease Journal. 2011;30(4):315−9.

158.	 Okello E KB, Sebatta E, Kayima J, Kuteesa M, et al. Socioeconomic and environmental 
risk factors among rheumatic heart disease patients in Uganda. PLOS ONE. 
2012;7(8):3−8.

159.	 Riaz BK, Selim S, Karim MN, Chowdhury KN, Chowdhury SH, Rahman MR. Risk factors 
of rheumatic heart disease in Bangladesh: a case-control study. Journal of Health, 
Popululation & Nutrition. 2013;31(1):70−7.

160.	 Phillips DI, Osmond C. Is susceptibility to chronic rheumatic heart disease determined 
in early infancy? An analysis of mortality in Britain during the 20th century. Global 
Cardiology Science & Practice. 2014;2014(4):464−72.

161.	 Hosoglu S, Celen M, Geyik M, Akalin S, Ayaz C, Acemoglu H, et al. Risk factors for 
typhoid fever among adult patients in Diyarbakir, Turkey. Epidemiology & Infection. 
2006;134(03):612−6.

162.	 Alemayehu T, Mekasha A, Abebe T. Nasal carriage rate and antibiotic susceptibility 
pattern of Neisseria meningitidis in healthy Ethiopian children and adolescents: a 
cross-sectional study. PLOS ONE. 2017;12(10):e0187207-e.

163.	 Olea A, Matute I, González C, Delgado I, Poffald L, Pedroni E, et al. Case-control study 
of risk factors for meningococcal disease in Chile. Emerging Infectious Diseases. 
2017;23(7):1070−8.

164.	 Norheim G, Sadarangani M, Omar O, et al. Association between population prevalence 
of smoking and incidence of meningococcal disease in Norway, Sweden, Denmark and 
the Netherlands between 1975 and 2009: a population-based time series analysis. 
BMJ Open. 2014;4(2):e003312.

165.	 De Wals P, Deceuninck G, De Serres G, Boivin JF, Duval B, Remis R, et al. Effectiveness 
of serogroup C meningococcal polysaccharide vaccine: results from a case-control 
study in Quebec. Clinical Infectious Diseases. 2005;40(8):1116−22.

166.	 Deutch S, Labouriau R, Schonheyeder HC, Ostergaard L, Norgard B, Sorensen HT. 
Crowding as a risk factor of meningococcal disease in Danish preschool children: a 
nationwide population-based case-control study. Scandinavian Journal of Infectious 
Diseases. 2004;36(1):20−3.

167.	 Jarousha AM, Afifi AA. Epidemiology and risk factors associated with developing 
bacterial meningitis among children in Gaza Strip. Iranian Journal of Public Health. 
2014;43(9):1176−83.

U-21291 
Ex.FLO-220 

Page 150 of 172



References 131

168.	 MacLennan J, Kafatos G, Neal K, Andrews N, Cameron JC, Roberts R, et al. Social 
behavior and meningococcal carriage in British teenagers. Emerging Infectious 
Diseases. 2006;12(6):950−7.

169.	 Hegab DS, Kato AM, Kabbash IA, Dabish GM. Scabies among primary schoolchildren 
in Egypt: sociomedical environmental study in Kafr El-Sheikh administrative area. 
Clinical, Cosmetic & Investigational Dermatology. 2015;8:105−11.

170.	 Bailie RS, Stevens MR, McDonald E, Halpin S, Brewster D, Robinson G, et al. Skin 
infection, housing and social circumstances in children living in remote indigenous 
communities: testing conceptual and methodological approaches. BMC Public Health. 
2005;5:128.

171.	 Vincenti-Gonzalez MF, Grillet M-E, Velasco-Salas ZI, Lizarazo EF, Amarista MA, Sierra 
GM, et al. Spatial analysis of dengue seroprevalence and modeling of transmission 
risk factors in a dengue hyperendemic city of Venezuela. PLOS Neglected Tropical 
Diseases. 2017;11(1):e0005317-e.

172.	 Krueger WS, Hilborn ED, Converse RR, Wade TJ. Environmental risk factors associated 
with Helicobacter pylori seroprevalence in the United States: a cross-sectional analysis 
of NHANES data. Epidemiology & Infection. 2015;143(12):2520−31.

173.	 Tosas Auguet O, Betley JR, Stabler RA, Patel A, Ioannou A, Marbach H, et al. 
Evidence for community transmission of community-associated but not health-
care-associated methicillin-resistant Staphylococcus aureus strains linked to social 
and material deprivation: spatial analysis of cross-sectional data. PLOS Medicine. 
2016;13(1):e1001944-e.

174.	 Vieira MT, Marlow MA, Aguiar-Alves F, et al. Living conditions as a driving factor 
in persistent methicillin-resistant Staphylococcus aureus colonization among HIV-
infected youth. Pediatric Infectious Disease Journal. 2016;35(10):1126−31.

175.	 Alvarado-Esquivel C, Pacheco-Vega SJ, Hernandez-Tinoco J, Berumen-Segovia LO, 
Sanchez-Anguiano LF, Estrada-Martinez S, et al. High prevalence of Toxoplasma gondii 
infection in miners: a case-control study in rural Durango, Mexico. Journal of Clinical 
Medicine Research. 2016;8(12):870−7.

176.	 Gares V, Panico L, Castagne R, Delpierre C, Kelly-Irving M. The role of the early social 
environment on Epstein Barr virus infection: a prospective observational design using 
the Millennium Cohort Study. Epidemiology & Infection. 2017;145(16):3405−12.

177.	 Mitra DK, Mullany LC, Harrison M, Mannan I, Shah R, Begum N, et al. Incidence and 
risk factors of neonatal infections in a rural Bangladeshi population: a community-
based prospective study. Journal of Health, Population & Nutrition. 2018;37(1):6.

178.	 Brander RL, Walson JL, John-Stewart GC, Naulikha JM, Ndonye J, Kipkemoi 
N, et al. Correlates of multi-drug non-susceptibility in enteric bacteria isolated 
from Kenyan children with acute diarrhea. PLOS Neglected Tropical Diseases. 
2017;11(10):e0005974-e.

179.	 Rao GG, Blackstock AJ, Derado G, López B, Cuéllar V, Juliao P, et al. Water, sanitation 
and hygiene risk factors for soil-transmitted helminth infection in Nueva Santa Rosa, 
Guatemala 2010. Conference paper presented at the 62nd Annual Meeting of the 
American Society of Tropical Medicine & Hygiene, Washington (DC), 2013 (abstract 
277).

180.	 Regoeczi WC. Crowding in context: an examination of the differential responses of men 
and women to high-density living environments. Journal of Health & Social Behavior. 
2008;49(3):254−68.

181.	 Barnes M, Butt S, Tomaszewski W. The duration of bad housing and children’s well-
being in Britain. Housing Studies. 2011;26(1):155−76.

182.	 Riva M, Larsen CVL, Bjerregaard P. Household crowding and psychosocial health 
among Inuit in Greenland. International Journal of Public Health. 2014;59(5):739−48.

U-21291 
Ex.FLO-220 

Page 151 of 172



WHO Housing and health guidelines132

183.	 Riva M, Plusquellec P, Juster R-P, Laouan-Sidi EA, Abdous B, Lucas M, et al. 
Household crowding is associated with higher allostatic load among the Inuit. Journal 
of Epidemiology & Community Health. 2014:jech-2013-203270.

184.	 Faisal-Cury A, Menezes P, Araya R, Zugaib M. Common mental disorders during 
pregnancy: prevalence and associated factors among low-income women in São Paulo, 
Brazil. Archives of Women’s Mental Health. 2009;12(5):335−43.

185.	 Firdaus G. Increasing rate of psychological distress in urban households: how does 
income matter? Community Mental Health Journal. 2017.

186.	 Al-Hemiary NJ, Hashim MT, Al-Diwan JK, Razzaq EA. Alcohol and drug abuse in post-
conflict Iraq. Journal of the Faculty of Medicine, Baghdad University. 2015;57(4):290−4.

187.	 Cabieses B, Pickett KE, Tunstall H. Comparing sociodemographic factors associated 
with disability between immigrants and the Chilean-born: are there different 
stories to tell? International Journal of Environmental Research & Public Health. 
2012;9(12):4403−32.

188.	 Pierse N, Carter K, Bierre S, Law D, Howden-Chapman P. Examining the role of 
tenure, household crowding and housing affordability on psychological distress, using 
longitudinal data. Journal of Epidemiology & Community Health. 2016;70(10):961−6.

189.	 Gray AP, Richer F, Harper S. Individual- and community-level determinants of Inuit 
youth mental wellness. Canadian Journal of Public Health. 2016;107(3):e251−e7.

190.	 Kimhy D, Harlap S, Fennig S, Deutsch L, Draiman BG, Corcoran C, et al. Maternal 
household crowding during pregnancy and the offspring’s risk of schizophrenia. 
Schizophrenia Research. 2006;86(1):23−9.

191.	 Chambers EC, Pichardo MS, Rosenbaum E. Sleep and the housing and neighborhood 
environment of urban Latino adults living in low-income housing: the AHOME Study. 
Behavioral Sleep Medicine. 2016;14(2):169−84.

192.	 van der Spuy I, Karunanayake CP, Dosman JA, McMullin K, Zhao G, Abonyi S, et al. 
Determinants of excessive daytime sleepiness in two First Nation communities. BMC 
Pulmonary Medicine. 2017;17(1):192.

193.	 Johnson DA, Drake C, Joseph CLM, Krajenta R, Hudgel DW, Cassidy-Bushrow AE. 
Influence of neighbourhood-level crowding on sleep-disordered breathing severity: 
mediation by body size. Journal of Sleep Research. 2015;24(5):559−65.

194.	 Keene DE, Geronimus AT. “Weathering” HOPE VI: the importance of evaluating the 
population health impact of public housing demolition and displacement. Journal of 
Urban Health. 2011;88(3):417−35.

195.	 Fullilove MT. Psychiatric implications of displacement: contributions from the 
psychology of place. American Journal of Psychiatry. 1996;153(12):1516.

196.	 Bhatta B, Saraswati S, Bandyopadhyay D. Urban sprawl measurement from remote 
sensing data. Applied Geography 2010;30(4):731−40.

197.	 Dannenberg AL, Frumkin H, Jackson RJ. Making healthy places: designing and building 
for health, well-being, and sustainability. Washington (DC): Island Press; 2011.

198.	 Näyhä S. Cold and the risk of cardiovascular diseases. A review. International Journal 
of Circumpolar Health. 2002;61(4).

199.	 Chang CL, Shipley M, Marmot M, Poulter N. Lower ambient temperature was 
associated with an increased risk of hospitalization for stroke and acute myocardial 
infarction in young women. Journal of Clinical Epidemiology. 2004;57(7):749−57.

200.	 Lin Y-K, Wang Y-C, Ho T-J, Lu CA. Temperature effects on hospital admissions for 
kidney morbidity in Taiwan. Science of the Total Environment. 2013;443:812−20.

201.	 Braga AL, Zanobetti A, Schwartz J. The effect of weather on respiratory and 
cardiovascular deaths in 12 US cities. Environmental Health Perspectives. 
2002;110(9):859.

U-21291 
Ex.FLO-220 

Page 152 of 172



References 133

202.	 Pan W-H, Li L-A, Tsai M-J. Temperature extremes and mortality from coronary heart 
disease and cerebral infarction in elderly Chinese. Lancet. 1995;345(8946):353−5.

203.	 Gill RS, Hambridge HL, Schneider EB, Hanff T, Tamargo RJ, Nyquist P. Falling 
temperature and colder weather are associated with an increased risk of aneurysmal 
subarachnoid hemorrhage. World Neurosurgery. 2013;79(1):136−42.

204.	 Mercer JB. Cold − an underrated risk factor for health. Environmental Research. 
2003;92(1):8−13.

205.	 Cheng X, Su H. Effects of climatic temperature stress on cardiovascular diseases. 
European Journal of Internal Medicine. 2010;21(3):164−7.

206.	 Shi X, Zhu N, Zheng G. The combined effect of temperature, relative humidity and work 
intensity on human strain in hot and humid environments. Building & Environment. 
2013;69:72−80.

207.	 Keatinge W, Donaldson G, Cordioli E, Martinelli M, Kunst A, Mackenbach J, et al. 
Heat related mortality in warm and cold regions of Europe: observational study. BMJ. 
2000;321(7262):670−3.

208.	 Healy JD. Excess winter mortality in Europe: a cross country analysis identifying key 
risk factors. Journal of Epidemiology & Community Health. 2003;57(10):784−9.

209.	 Wilkinson P, Landon M, Armstrong B, Stevenson S, McKee M. Cold comfort: the social 
and environmental determinants of excess winter deaths in England, 1986−1996. 2001.

210.	 Patz JA, Engelberg D, Last J. The effects of changing weather on public health. Annual 
Review of Public Health. 2000;21(1):271−307.

211.	 Group TE. Cold exposure and winter mortality from ischaemic heart disease, 
cerebrovascular disease, respiratory disease, and all causes in warm and cold regions 
of Europe. Lancet. 1997;349(9062):1341−6.

212.	 Naicker N, Teare J, Balakrishna Y, Wright CY, Mathee A. Indoor temperatures in low 
cost housing in Johannesburg, South Africa. International Journal of Environmental 
Research & Public Health. 2017;14(11).

213.	 Health impact of low indoor temperatures. Regional Office for Europe: World Health 
Organization; 1987.

214.	 Osman LM, Ayres JG, Garden C, Reglitz K, Lyon J, Douglas JG. Home warmth and health 
status of COPD patients. European Journal of Public Health. 2008;18(4):399−405.

215.	 Pierse N, Arnold R, Keall M, Howden-Chapman P, Crane J, Cunningham M, et al. 
Modelling the effects of low indoor temperatures on the lung function of children with 
asthma. Journal of Epidemiology & Community Health. 2013;67(11):918−25.

216.	 Mu Z, Chen P-L, Geng F-H, Ren L, Gu W-C, Ma J-Y, et al. Synergistic effects of 
temperature and humidity on the symptoms of COPD patients. International Journal 
of Biometeorology. 2017;61(11):1919−25.

217.	 Ross A, Collins M, Sanders C. Upper respiratory tract infection in children, domestic 
temperatures, and humidity. Journal of Epidemiology & Community Health. 
1990;44(2):142−6.

218.	 Saeki K, Obayashi K, Iwamoto J, Tanaka Y, Tanaka N, Takata S, et al. Influence of 
room heating on ambulatory blood pressure in winter: a randomised controlled study. 
Journal of Epidemiology & Community Health. 2013:jech-2012-201883.

219.	 Saeki K, Obayashi K, Kurumatani N. Short-term effects of instruction in home heating 
on indoor temperature and blood pressure in elderly people: a randomized controlled 
trial. Journal of Hypertension. 2015;33(11):2338−43.

220.	 Saeki K, Obayashi K, Iwamoto J, Tone N, Okamoto N, Tomioka K, et al. Stronger 
association of indoor temperature than outdoor temperature with blood pressure in 
colder months. Journal of Hypertension. 2014;32(8):1582−9.

U-21291 
Ex.FLO-220 

Page 153 of 172



WHO Housing and health guidelines134

221.	 Saeki K, Obayashi K, Iwamoto J, Tone N, Okamoto N, Tomioka K, et al. The relationship 
between indoor, outdoor and ambient temperatures and morning BP surges 
from inter-seasonally repeated measurements. Journal of Human Hypertension. 
2014;28(8):482−8.

222.	 Shiue I. Cold homes are associated with poor biomarkers and less blood pressure 
check-up: English Longitudinal Study of Ageing, 2012−2013. Environmental Science 
& Pollution Research International. 2016;23(7):7055−9.

223.	 Shiue I, Shiue M. Indoor temperature below 18  °C accounts for 9% population 
attributable risk for high blood pressure in Scotland. International Journal of 
Cardiology. 2014;171(1):e1−e2.

224.	 Bruce N, Elford J, Wannamethee G, Shaper AG. The contribution of environmental 
temperature and humidity to geographic variations in blood pressure. Journal of 
Hypertension. 1991;9(9):851−8.

225.	 Collins KJ, Easton JC, Belfield-Smith H, Exton-Smith AN, Pluck RA. Effects of age on 
body temperature and blood pressure in cold environments. Clinical Science (London). 
1985;69(4):465−70.

226.	 Inoue Y, Nakao M, Araki T, Ueda H. Thermoregulatory responses of young and older 
men to cold exposure. European Journal of Applied Physiology & Occupational 
Physiology. 1992;65(6):492−8.

227.	 Mercer JB, Osterud B, Tveita T. The effect of short-term cold exposure on risk factors 
for cardiovascular disease. Thrombosis Research. 1999;95(2):93−104.

228.	 Wagner JA, Horvath SM, Kitagawa K, Bolduan NW. Comparisons of blood and 
urinary responses to cold exposures in young and older men and women. Journal of 
Gerontology. 1987;42(2):173−9.

229.	 Leppäluoto J, Korhonen I, Hassi J. Habituation of thermal sensations, skin 
temperatures, and norepinephrine in men exposed to cold air. Journal of Applied 
Physiology. 2001;90(4):1211−8.

230.	 Breysse J, Dixon SL, Jacobs DE, Lopez J, Weber W. Self-reported health outcomes 
associated with green-renovated public housing among primarily elderly residents. 
Journal of Public Health Management & Practice. 2015;21(4):355−67.

231.	 Tavernier G, Fletcher G, Gee I, et al. IPEADAM study: indoor endotoxin exposure, family 
status, and some housing characteristics in English children. Journal of Allergy & 
Clinical Immunology 2006;117(3):656−62.

232.	 Preval N, Keall M, Telfar-Barnard L, Grimes A, Howden-Chapman P. Impact of 
improved insulation and heating on mortality risk of older cohort members with prior 
cardiovascular or respiratory hospitalisations. BMJ Open. 2017;7(11):e018079-e.

233.	 Grey CNB, Jiang S, Nascimento C, Rodgers SE, Johnson R, Lyons RA, et al. The short-
term health and psychosocial impacts of domestic energy efficiency investments 
in low-income areas: a controlled before and after study. BMC Public Health. 
2017;17(1):140.

234.	 Poortinga W, Jones N, Lannon S, Jenkins H. Social and health outcomes following 
upgrades to a national housing standard: a multilevel analysis of a five-wave repeated 
cross-sectional survey. BMC Public Health. 2017;17(1):927.

235.	 Telfar Barnard L, Preval N, Howden-Chapman P, Arnold R, Young C, Grimes A, et al. 
The impact of retrofitted insulation and new heaters on health services utilisation 
and costs, pharmaceutical costs and mortality: evaluation of Warm Up New Zealand: 
Heat Smart. Wellington: Report to the Ministry of Economic Development; 2011.

236.	 Austin JB, Russell G. Wheeze, cough, atopy, and indoor environment in the Scottish 
Highlands. Archives of Disease in childhood. 1997;76(1):22−6.

U-21291 
Ex.FLO-220 

Page 154 of 172



References 135

237.	 Homøe P, Christensen RB, Bretlau P. Acute otitis media and sociomedical risk 
factors among unselected children in Greenland. International Journal of Pediatric 
Otorhinolaryngology. 1999;49(1):37−52.

238.	 Bray N, Burns P, Jones A, Winrow E, Edwards RT. Costs and outcomes of improving 
population health through better social housing: a cohort study and economic analysis. 
International Journal of Public Health. 2017;62(9):1039−50.

239.	 Iversen M, Bach E, Lundqvist GR. Health and comfort changes among tenants after 
retrofitting of their housing. Environment International. 1986;12(1):161−6.

240.	 Nicol S, Roys M, Garrett H. The cost of poor housing to the NHS. London: Building 
Research Establishment; 2011.

241.	 Simon D. The potential of the green economy and urban greening for addressing urban 
environmental change. In: Seto KC, Solecki WD, Griffith CA, editors. The Routledge 
handbook of urbanization and global environmental change. London: Routledge; 
2016;455−69.

242.	 Telfar-Barnard L, Bennett J, Howden-Chapman P, Jacobs DE, Ormandy D, Cutler-
Welsh M, et al. Measuring the effect of housing quality interventions: the case of the 
New Zealand “Rental Warrant of Fitness”. International Journal of Environmental 
Research & Public Health. 2017;14(11).

243.	 Ventilation for acceptable indoor air quality. Atlanta: ASHRAE Standing Standard 
Project Committee 62.1; 2016.

244.	 Kunkel S, Kontonasiou E, Arcipowska A, Mariottini F, Antanasiu B. Indoor air quality, 
thermal comfort and daylight. Analysis of residential buildings regulations in eight 
EU Member States. Buildings Performance Institute Europe; 2015.

245.	 WHO Guidelines for indoor air quality: dampness and mould. Copenhagen: World 
Health Organization Regional Office for Europe; 2009.

246.	 Mendell MJ, Mirer AG, Cheung K, Tong M, Douwes J. Respiratory and allergic 
health effects of dampness, mold, and dampness-related agents: a review of the 
epidemiologic evidence. Environmental Health Perspectives. 2011;119(6):748−56.

247.	 Jacobs DE, Forst L. Occupational safety, health and healthy housing: a review of 
opportunities and challenges. Journal of Public Health & Management Practices. 
2017;23(6):e36−e45.

248.	 Ryan L , Campbell N. Spreading the net: the multiple benefits of energy efficiency 
improvements. Paris: International Energy Agency; 2012.

249.	 Hajat S, Barnard LT, Butler C. Heat-related and cold-related mortality and morbidity. 
In: Butler C, editor. Climate change and global health. Wallingford, United Kingdom: 
CABI International; 2014.

250.	 Rupp RF, Vásquez NG, Lamberts R. A review of human thermal comfort in the built 
environment. Energy & Buildings. 2015;105:178−205.

251.	 Benmarhnia T, Deguen S, Kaufman JS, Smargiassi A. Review article: Vulnerability 
to heat-related mortality: a systematic review, meta-analysis, and meta-regression 
analysis. Epidemiology. 2015;26(6):781−93.

252.	 Hajat S, O’Connor M, Kosatsky T. Health effects of hot weather: from awareness of 
risk factors to effective health protection. Lancet. 2010;375(9717):856−63.

253.	 Gasparrini A, Guo Y, Hashizume M, Kinney PL, Petkova EP, Lavigne E, et al. Temporal 
variation in heat−mortality associations: a multicountry study. Environmental Health 
Perspectives. 2015(123):1200−7.

254.	 Lin Y, Wang Y, Lu C. Temperature effects on hospital admissions for kidney morbidity 
in Taiwan. Science of the Total Environment. 2013;442:812−20.

U-21291 
Ex.FLO-220 

Page 155 of 172



WHO Housing and health guidelines136

255.	 Phung D, Thai PK, Guo Y, Morawska L, Rutherford S, Chu C. Ambient temperature 
and risk of cardiovascular hospitalization: an updated systematic review and meta-
analysis. Science of the Total Environment. 2016;550:1084−102.

256.	 Zabrocki LA, Shellington DK, Bratton SL. Heat illness and hypothermia. In: Wheeler 
DS, et al. editors. Pediatric Critical Care Medicine. London: Springer; 2014;677−93.

257.	 Bouchama A, Dehbi M, Mohamed G, Matthies F, Shoukri M, Menne B. Prognostic 
factors in heat wave-related deaths: a meta-analysis. Archives of Internal Medicine. 
2007;167(20):2170−6.

258.	 Hajat S, Kovats RS, Lachowycz K. Heat-related and cold-related deaths in England and 
Wales: who is at risk? Occupational & Environmental Medicine. 2007;64(2):93−100.

259.	 Azhar GS, Mavalankar D, Nori-Sarma A, Rajiva A, Dutta P, Jaiswal A, et al. Heat-related 
mortality in India: excess all-cause mortality associated with the 2010 Ahmedabad 
heat wave. PLOS ONE. 2018;9(3):e91831.

260.	 Robine J-M, Cheung SLK, Le Roy S, Van Oyen H, Griffiths C, Michel J-P, et al. Death toll 
exceeded 70,000 in Europe during the summer of 2003. Comptes Rendus Biologies. 
2008;331(2):171−8.

261.	 Ceccherini G, Russo S, Ameztoy I, Marchese AF, Carmona-Moreno C. Heat waves 
in Africa 1981−2015, observations and reanalysis. Natural Hazards & Earth System 
Sciences. 2017;17:115−25.

262.	 McMichael AJ, Wilkinson P, Kovats RS, Pattenden S, Hajat S, Armstrong B, et al. 
International study of temperature, heat and urban mortality: the ‘ISOTHURM’ project. 
International Journal of Epidemiology. 2008;37(5):1121−31.

263.	 Hajat S, Kosatky T. Heat-related mortality: a review and exploration of heterogeneity. 
Journal of Epidemiology & Community Health. 2010;64:753−60.

264.	 Basu R. High ambient temperature and mortality: a review of epidemiologic studies 
from 2001 to 2008. Environmental Health. 2009;8(1):40.

265.	 WHO-WMO. Heat waves and health: guidance on warning-system development. 
Geneva: World Health Organization; 2015.

266.	 Guo Y, Gasparrini A, Armstrong BG, Tawatsupa B, Tobias A, Lavigne E, et al. 
Temperature variability and mortality: a multi-country study. Environmental Health 
Perspectives. 2016;124(10):1554−9.

267.	 Ormandy D, Ezratty V. Thermal discomfort and health: protecting the susceptible 
from excess cold and excess heat in housing. Advances in Building Energy Research. 
2016;10(1):84−98.

268.	 Bell ML, O’Neill MS, Ranjit N, Borja-Aburto VH, Cifuentes LA, Gouveia NC. Vulnerability 
to heat-related mortality in Latin America: a case-crossover study in São Paulo, 
Brazil, Santiago, Chile and Mexico City, Mexico. International Journal of Epidemiology. 
2008;37(4):796−804.

269.	 Fouillet A, Rey G, Laurent F, Pavillon G, Bellec S, Guihenneuc-Jouyaux C, et al. Excess 
mortality related to the August 2003 heat wave in France. International Archives of 
Occupational & Environmental Health. 2006;80(1):16−24.

270.	 Kazuya K. Heatstroke in older adults. Journal of the Japan Medical Association. 
2013;56(3):193−8.

271.	 Vital statistics of Japan 2014 Volume 3. Tokyo: Statistics and Information Department, 
Ministry of Health, Labour and Welfare; 2015.

272.	 Ahrentzen S, Erickson J, Fonseca E. Thermal and health outcomes of energy efficiency 
retrofits of homes of older adults. Indoor Air. 2016;26(4):582−93.

273.	 Quinn A, Shaman J. Health symptoms in relation to temperature, humidity, and 
self-reported perceptions of climate in New York City residential environments. 
International Journal of Biometeorology. 2017;61(7):1209−20.

U-21291 
Ex.FLO-220 

Page 156 of 172



References 137

274.	 van Loenhout J, le Grand A, Duijm F, Greven F, Vink N, Hoek G, et al. The effect of 
high indoor temperatures on self-perceived health of elderly persons. Environmental 
Research. 2016;146:27−34.

275.	 Fink R, Eržen I, Medved S. Symptomatic response of the elderly with cardiovascular 
disease during the heat wave in Slovenia. Central European Journal of Public Health. 
2017;25(4):293−8.

276.	 Kim Y-M, Kim S, Cheong H-K, Ahn B, Choi K. Effects of heat wave on body temperature 
and blood pressure in the poor and elderly. Environmental Health & Toxicology. 
2012;27:e2012013.

277.	 Sinha P, Kumar TD, Singh NP, Saha R. Seasonal variation of blood pressure in 
normotensive females aged 18 to 40 years in an urban slum of Delhi, India. Asia-Pacific 
Journal of Public Health. 2010;22(1):134−45.

278.	 Uejio C, Tamerius J, Vredenburg J, Asaeda G, Isaacs D, Braun J, et al. Summer indoor 
heat exposure and respiratory and cardiovascular distress calls in New York City, NY, 
US. Indoor Air. 2015;26(4):594-604.

279.	 Basu R, Samet JM. Relation between elevated ambient temperature and mortality: a 
review of the epidemiologic evidence. Epidemiologic Reviews. 2002;24(2):190−202.

280.	 Turner LR, Barnett AG, Connell D, Tong S. Ambient temperature and cardiorespiratory 
morbidity: a systematic review and meta-analysis. Epidemiology. 2012;23(4):594−606.

281.	 Gasparrini A, Guo Y, Hashizume M, Kinney PL, Petkova EP, Lavigne E, et al. Temporal 
variation in heat–mortality associations: a multicountry study. Environmental Health 
Perspectives. 2015(123):1200−7.

282.	 Breitner S, Wolf K, Devlin RB, Diaz-Sanchez D, Peters A, Schneider A. Short-term 
effects of air temperature on mortality and effect modification by air pollution in three 
cities of Bavaria, Germany: a time-series analysis. Science of the Total Environment. 
2014;485:49−61.

283.	 Yang C, Meng X, Chen R, Cai J, Zhao Z, Wan Y, et al. Long-term variations in the 
association between ambient temperature and daily cardiovascular mortality in 
Shanghai, China. Science of the Total Environment. 2015;538:524−30.

284.	 Ding Z, Guo P, Xie F, Chu H, Li K, Pu J, et al. Impact of diurnal temperature range on 
mortality in a high plateau area in southwest China: A time series analysis. Science 
of the Total Environment. 2015;526:358−65.

285.	 Baccini M, Biggeri A, Accetta G, Kosatsky T, Katsouyanni K, Analitis A, et al. Heat 
effects on mortality in 15 European cities. Epidemiology. 2008;19(5):711−9.

286.	 Yoshino H, Yoshino Y, Zhang Q, Mochida A, Li N, Li Z, et al. Indoor thermal environment 
and energy saving for urban residential buildings in China. Energy & Buildings. 
2006;38:1308–19.

287.	 Franck U, Krüger M, Schwarz N, Grossmann K, Röder S, Schlink U. Heat stress in 
urban areas: indoor and outdoor temperatures in different urban structure types 
and subjectively reported well-being during a heat wave in the city of Leipzig. 
Meteorologische Zeitschrift. 2013;22(2):167–77.

288.	 Nguyen J, Schwartz J, Dockery D. The relationship between indoor and outdoor 
temperature, apparent temperature, relative humidity, and absolute humidity. Indoor 
Air. 2014;24(1):103−12.

289.	 Quinn A, Tamerius JD, Perzanowski M, Jacobson JS, Goldstein I, Acosta L, et al. 
Predicting indoor heat exposure risk during extreme heat events. Science of the Total 
Environment. 2014;490:686−93.

290.	 Senanayake IP, Welivitiya WDDP, Nadeeka PM. Remote sensing based analysis of 
urban heat islands with vegetation cover in Colombo city, Sri Lanka using Landsat-7 
ETM+ data. Urban Climate. 2013;5:19−35.

U-21291 
Ex.FLO-220 

Page 157 of 172



WHO Housing and health guidelines138

291.	 Ashtiani A, Mirzaei PA, Haghighat F. Indoor thermal condition in urban heat island: 
comparison of the artificial neural network and regression methods prediction. Energy 
& Buildings 2014;76:597−604.

292.	 White-Newsome JL, Sánchez BN, Jolliet O, Zhang Z, Parker EA, Dvonch JT, et 
al. Climate change and health: indoor heat exposure in vulnerable populations. 
Environmental Research. 2012;112:20−7.

293.	 Smargiassi A, Fournier M, Griot C, Baudouin Y, Kosatsky T. Prediction of the indoor 
temperatures of an urban area with an in-time regression mapping approach. Journal 
of Exposure Science & Environmental Epidemiology. 2008;18(3).

294.	 Tamerius J, Perzanowski M, Acosta L, Jacobson J, Goldstein I, Quinn J, et al. 
Socioeconomic and outdoor meteorological determinants of indoor temperature 
and humidity in New York City dwellings. Weather, Climate, and Society (print). 
2013;5(2):168.

295.	 Wang Z, Zhang L, Zhao J, He Y. Thermal comfort for naturally ventilated residential 
buildings in Harbin. Energy & Buildings. 2010;42(12):2406−15.

296.	 Adunola A. Evaluation of urban residential thermal comfort in relation to indoor and 
outdoor air temperatures in Ibadan, Nigeria. Building & Environment. 2014;75:190−205.

297.	 Djongyang N, Tchinda R. An investigation into thermal comfort and residential 
thermal environment in an intertropical sub-Saharan Africa region: field study report 
during the Harmattan season in Cameroon. Energy Conversion & Management. 
2010;51(7):1391−7.

298.	 Indraganti M. Thermal comfort in naturally ventilated apartments in summer: findings 
from a field study in Hyderabad, India. Applied Energy. 2010;87(3):866−83.

299.	 Deng QL, Li NP, Cui YH. Measurement and analysis of indoor environment in a high-
rise residential building in the hot summer and cold winter region of China. Indoor 
Air 2005: Proceedings of the 10th International Conference on Indoor Air Quality and 
Climate, Vols 1−5. 2005:214−8.

300.	 Sakka A, Santamouris M, Livada I, Nicol F, Wilson M. On the thermal performance of 
low income housing during heat waves. Energy & Buildings. 2012;49:69−77.

301.	 Abdul-Wahab SA, Salem N, Ali S. Evaluation of indoor air quality in a museum (Bait 
Al Zubair) and residential homes. Indoor & Built Environment. 2015;24(2). 

302.	 Sackou JK, Oga SA, Tanoh F, Houenou Y, Kouadio L. Indoor environment and respiratory 
symptoms among children under five years of age in a peri-urban area of Abidjan. 
Indoor & Built Environment. 2014;23(7):988−93. 

303.	 Dengel A, Swainson M, Ormandy D, Ezratty V. Overheating in dwellings. London: 
Building Research Establishment; 2016.

304.	 Gasparrini A, Guo Y, Hashizume M, Lavigne E, Zanobetti A, Schwartz J, et al. Mortality 
risk attributable to high and low ambient temperature: a multicountry observational 
study. Lancet. 2015;386(9991):369−75.

305.	 Natural ventilation for infection control in health-care settings. Geneva: World Health 
Organization; 2009.

306.	 Bélanger D, Abdous B, Gosselin P, Valois P. An adaptation index to high summer heat 
associated with adverse health impacts in deprived neighborhoods. Climatic Change. 
2015;132(2):279–93.

307.	 Peden M. World report on child injury prevention. Geneva: World Health Organization; 
2008.

308.	 Turner S, Arthur G, Lyons RA, Weightman AL, Mann MK, Jones SJ, et al. Modification of 
the home environment for the reduction of injuries. Cochrane Database of Systematic 
Reviews. 2011;2(2).

U-21291 
Ex.FLO-220 

Page 158 of 172



References 139

309.	 Injury facts. National Safety Council; 2016.
310.	 Runyan CW, Casteel C, Perkis D, Black C, Marshall SW, Johnson RM, et al. 

Unintentional injuries in the home in the United States: Part I: Mortality. American 
Journal of Preventive Medicine. 2005;28(1):73−9.

311.	 Moore R. Housing accidents. In: Ormandy D, editor. Housing and health in Europe: 
the WHO LARES project. London: Routledge; 2009;295−318.

312.	 The global burden of disease: 2004 update. Geneva: World Health Organization; 2008.
313.	 Situation of severe injuries. Year 2005−2010. Injury Surveillance Thailand; 2012.
314.	 Wainiqolo I, Kafoa B, Kool B, Herman J, McCaig E, Ameratunga S. A profile of injury 

in Fiji: findings from a population-based injury surveillance system (TRIP-10). BMC 
Public Health. 2012;12:1074.

315.	 Jagnoor J, Suraweera W, Keay L, Ivers RQ, Thakur J, Gururaj G, et al. Childhood 
and adult mortality from unintentional falls in India. Bulletin of the World Health 
Organization. 2011;89(10):733−40.

316.	 Prüss-Ustün A, Wolf J, Corvalán C, Bos R, Neira M. Preventing disease through healthy 
environments: A global assessment of the burden of disease from environmental risks. 
Geneva: World Health Organization; 2016.

317.	 Khambalia A, Joshi P, Brussoni M, Raina P, Morrongiello B, Macarthur C. Risk factors 
for unintentional injuries due to falls in children aged 0−6 years: a systematic review. 
Injury Prevention. 2006;12(6):378−81.

318.	 Carter SE, Campbell EM, Sanson-Fisher RW, Redman S, Gillespie WJ. Environmental 
hazards in the homes of older people. Age & Ageing. 1997;26(3):195−202.

319.	 Schieber RA, Gilchrist J, Sleet DA. Legislative and regulatory strategies to reduce 
childhood unintentional injuries. Future Child. 2000;10(1):111−36.

320.	 Lam NL, Smith KR, Gauthier A, Bates MN. Kerosene: a review of household uses 
and their hazards in low- and middle-income countries. Journal of Toxicology & 
Environmental Health. Part B Critical Reviews. 2012;15(6):396−432.

321.	 Laloë V. Epidemiology and mortality of burns in a general hospital of Eastern Sri 
Lanka. Burns. 2002;28(8):778−81.

322.	 Mashreky SR, Rahman A, Svanstrom L, Khan TF, Rahman F. Burn mortality in 
Bangladesh: findings of national health and injury survey. Injury. 2011;42(5):507−10.

323.	 Faelker T, Pickett W, Brison RJ. Socioeconomic differences in childhood injury: 
a population based epidemiologic study in Ontario, Canada. Injury Prevention. 
2000;6(3):203−8.

324.	 Wanjeri JK, Kinoti M, Olewe T. Risk factors for burn injuries and fire safety awareness 
among patients hospitalized at a public hospital in Nairobi, Kenya: a case control study. 
Burns. 2018;44(4):962−8.

325.	 Keall M, Baker MG, Howden-Chapman P, Cunningham M, Ormandy D. Assessing 
housing quality and its impact on health, safety and sustainability. Journal of 
Epidemiology & Community Health. 2010;64(9):765−71.

326.	 Keall MD, Baker MG, Howden-Chapman P, Cunningham M. Association between the 
number of home injury hazards and home injury. Accident; Analysis & Prevention. 
2008;40(3):887−93.

327.	 Diamond MB, Dalal S, Adebamowo C, Guwatudde D, Laurence C, Ajayi IO, et al. 
Prevalence and risk factor for injury in sub-Saharan Africa: a multicountry study. 
Injury Prevention. 2018;24(4):272−78. 

328.	 Phelan KJ, Khoury J, Xu Y, Liddy S, Hornung R, Lanphear BP. A randomized controlled 
trial of home injury hazard reduction: the HOME injury study. Archives of Pediatrics 
& Adolscent Medicine. 2011;165(4):339−445.

U-21291 
Ex.FLO-220 

Page 159 of 172



WHO Housing and health guidelines140

329.	 LeBlanc JC, Pless IB, King WJ, Bawden H, Bernard-Bonnin A-C, Klassen T, et 
al. Home safety measures and the risk of unintentional injury among young 
children: a multicentre case-control study. Canadian Medical Association Journal. 
2006;175(8):883−7.

330.	 Othman N, Kendrick D. Risk factors for burns at home in Kurdish preschool children: 
a case-control study. Injury Prevention. 2013;19(3):184−90.

331.	 Kendrick D, Mulvaney C, Burton P, Watson M. Relationships between child, family and 
neighbourhood characteristics and childhood injury: a cohort study. Social Science & 
Medicine. 2005;61(9):1905−15.

332.	 Taira BR, Cassara G, Meng H, Salama MN, Chohan J, Sandoval S, et al. Predictors of 
sustaining burn injury: does the use of common prevention strategies matter? Journal 
of Burn Care & Research. 2011;32(1):20−5.

333.	 Harvey LA, Poulos RG, Sherker S. The impact of recent changes in smoke alarm 
legislation on residential fire injuries and smoke alarm ownership in New South Wales, 
Australia. Journal of Burn Care & Research. 2013;34(3):e168−75.

334.	 Istre GR, McCoy MA, Moore BJ, Roper C, Stephens-Stidham S, Barnard JJ, et 
al. Preventing deaths and injuries from house fires: an outcome evaluation of 
a community-based smoke alarm installation programme. Injury Prevention. 
2014;20(2):97−102.

335.	 Mashreky SR, Rahman A, Khan TF, Svanström L, Rahman F. Determinants of 
childhood burns in rural Bangladesh: a nested case-control study. Health Policy. 
2010;96(3):226−30.

336.	 Stewart J, Benford P, Wynn P, Watson MC, Coupland C, Deave T, et al. Modifiable risk 
factors for scald injury in children under 5 years of age: a multi-centre case-control 
study. Journal of the International Society for Burn Injuries. 2016;42(8):1831−43.

337.	 Pressley JC, Barlow B. Child and adolescent injury as a result of falls from buildings 
and structures. Injury Prevention. 2005;11(5):267−73.

338.	 Pearce A, Li L, Abbas J, Ferguson B, Graham H, Law C. Does the home environment 
influence inequalities in unintentional injury in early childhood? Findings from 
the UK Millennium Cohort Study. Journal of Epidemiology & Community Health. 
2012;66(2):181−8.

339.	 Sadeghi-Bazargani H, Arshi S, Mashoufi M, Deljavan-Anvari R, Meshkini M, Mohammadi 
R. Household related predictors of burn injuries in an Iranian population: a case-
control study. BMC Public Health. 2012;12(1):1.

340.	 Chamania S, Chouhan R, Awasthi A, Bendell R, Marsden N, Gibson J, et al. Pilot project 
in rural western Madhya Pradesh, India, to assess the feasibility of using LED and 
solar-powered lanterns to remove kerosene lamps and related hazards from homes. 
Burns. 2015;41(3):595−603.

341.	 Campbell AJ, Robertson MC, La Grow SJ, Kerse NM, Sanderson GF, Jacobs RJ, et al. 
Randomised controlled trial of prevention of falls in people aged > or =75 with severe 
visual impairment: the VIP trial. BMJ. 2005;331(7520):817.

342.	 Fitzharris MP, Day L, Lord SR, Gordon I, Fildes B. The Whitehorse NoFalls trial: effects 
on fall rates and injurious fall rates. Age & Ageing. 2010:afq109.

343.	 Kamei T, Kajii F, Yamamoto Y, Irie Y, Kozakai R, Sugimoto T, et al. Effectiveness of a 
home hazard modification program for reducing falls in urban community-dwelling 
older adults: a randomized controlled trial. Japan Journal of Nursing Science. 
2015;12(3):184−97.

344.	 Leclerc BS, Bégin C, Cadieux E, Goulet L, Allaire JF, Meloche J, et al. Relationship 
between home hazards and falling among community-dwelling seniors using home-
care services. Revue d’Epidemiol et de Sante Publique. 2010;58(1):3−11.

U-21291 
Ex.FLO-220 

Page 160 of 172



References 141

345.	 Kim D, Portillo M. Fall hazards within senior independent living: a case-control study. 
Herd. 2018:1937586717754185.

346.	 Benford P, Young B, Coupland C, Watson M, Hindmarch P, Hayes M, et al. Risk and 
protective factors for falls on one level in young children: multicentre case-control 
study. Injury Prevention. 2015;21(6):381−8.

347.	 Gyedu A, Stewart B, Mock C, Otupiri E, Nakua E, Donkor P, et al. Prevalence of 
preventable household risk factors for childhood burn injury in semi-urban Ghana: 
a population-based survey. Journal of the International Society for Burn Injuries. 
2016;42(3):633−8.

348.	 Osborne JM, Davey TM, Spinks AB, McClure RJ, Sipe N, Cameron CM. Child injury: 
does home matter? Social Science & Medicine (1982). 2016;153:250−7.

349.	 Pereira SG, Santos CBD, Doring M, Portella MR. Prevalence of household falls in 
long-lived adults and association with extrinsic factors. Revista Latino-Americana 
de Enfermagem. 2017;25:e2900-e.

350.	 Ravindran RM, Kutty VR. Risk Factors for fall-related injuries leading to hospitalization 
among community-dwelling older persons: a hospital-based case-control study in 
Thiruvananthapuram, Kerala, India. Asia-Pacific Journal of Public Health. 2016;28(1 
Suppl):70S−6S.

351.	 Romli MH, Tan MP, Mackenzie L, Lovarini M, Kamaruzzaman SB, Clemson L. Factors 
associated with home hazards: findings from the Malaysian Elders Longitudinal 
Research Study. Geriatrics & Gerontology International. 2018;18(3):387−95.

352.	 Wing JJ, Burke JF, Clarke PJ, Feng C, Skolarus LE. The role of the environment in 
falls among stroke survivors. Archives of Gerontology & Geriatrics. 2017;72:1−5.

353.	 National Healthy Housing Standard. Washington (DC): National Center for Healthy 
Housing, American Public Health Association; 2014.

354.	 Gillespie-Bennett J, Keall M, Howden-Chapman P, Baker MG. Improving health, safety 
and energy efficiency in New Zealand through measuring and applying basic housing 
standards. New Zealand Medical Journal. 2013;126(1379):74−85.

355.	 The Housing Health and Safety Rating System: operating guidance. London: Office of 
the Deputy Prime Minister; 2006.

356.	 Phelan KJ, Khoury J, Xu Y, Lanphear B. Validation of a HOME injury survey. Injury 
Prevention. 2009;15(5):300−6.

357.	 Bennett J, Howden-Chapman P, Chisholm E, Keall M, Baker MG. Towards an agreed 
quality standard for rental housing: field testing of a New Zealand housing WOF tool. 
Australia & New Zealand Journal of Public Health. 2016.

358.	 Jacobs DE, Kelly T, Sobolewski J. Linking public health, housing, and indoor 
environmental policy: successes and challenges at local and federal agencies in the 
United States. Environmental Health Perspectives. 2007;115(6):976−82.

359.	 Liu Y, Mack KA, Diekman ST. Smoke alarm giveaway and installation programs: an 
economic evaluation. American Journal of Preventive Medicine. 2012;43(4):385−91.

360.	 Haddix AC, Mallonee S, Waxweiler R, Douglas MR. Cost effectiveness analysis of 
a smoke alarm giveaway program in Oklahoma City, Oklahoma. Injury Prevention. 
2001;7(4):276−81.

361.	 Jutkowitz E, Gitlin LN, Pizzi LT, Lee E, Dennis MP. Cost effectiveness of a home-based 
intervention that helps functionally vulnerable older adults age in place at home. 
Journal of Aging Research. 2012;680265.

362.	 Salkeld G, Cumming RG, O’Neill E, Thomas M, Szonyi G, Westbury C. The cost 
effectiveness of a home hazard reduction program to reduce falls among older 
persons. Australia & New Zealand Journal of Public Health. 2000;24(3):265−71.

U-21291 
Ex.FLO-220 

Page 161 of 172



WHO Housing and health guidelines142

363.	 Church J, Goodall S, Norman R, Haas M. The cost-effectiveness of falls prevention 
interventions for older community-dwelling Australians. Australia & New Zealand 
Journal of Public Health. 2012;36(3):241−8.

364.	 Frick KD, Kung JY, Parrish JM, Narrett MJ. Evaluating the cost-effectiveness of fall 
prevention programs that reduce fall-related hip fractures in older adults. Journal of 
the American Geriatrics Society. 2010;58(1):136−41.

365.	 Ling C, Henderson S, Henderson R, Henderson M, Pedro T, Pang L. Cost benefit 
considerations of preventing elderly falls through environmental modifications to 
homes in Hana, Maui. Hawaii Medical Journal. 2008;67(3):65−8.

366.	 Kochera A. Falls among older persons and the role of the home: an analysis of cost, 
incidence, and potential savings from home modification. Washington (DC): AARP 
Public Policy Institute; 2002.

367.	 Towards a common language for functioning, disability and health: the International 
Classification of Functioning, Disability and Health. Geneva: World Health Organization; 
2002.

368.	 World report on disability. Geneva: World Health Organization; 2011.
369.	 World population ageing 2015. New York: United Nations, Department of Economic 

and Social Affairs, Population Division; 2015.
370.	 The rights to adequate housing and the right to water: a need for further development. 

COHRE’s comments on the draft convention text produced by the Working Group for 
the United Nations Ad Hoc Committee on a Comprehensive and Integral International 
Convention on the Protection and Promotion of the Rights and Dignity of Persons with 
Disabilities. Geneva: Centre of Housing Rights and Evictions; 2004.

371.	 Convention on the Rights of Persons with Disabilities. New York: United Nations; 2006.
372.	 International Classification of Functioning, Disability and Health. Geneva: World Health 

Organization; 2001.
373.	 Saville-Smith K, Saville J. Getting accessible housing: practical approaches to 

encouraging industry take-up and meeting need. Report prepared for the New Zealand 
Ministry of Business, Innovation and Employment. Wellington: Centre for Research, 
Evaluation and Social Assessment; 2012.

374.	 Ubani O, Madumere K, Nkeiruka Ugwu L. Accessibility and housing needs of 
paraplegics in Enugu City, Nigeria. Civil and Environmental Research. 2013;3(1):17−25.

375.	 Smith SK, Rayer S, Smith EA. Aging and disability: implications for the housing industry 
and housing policy in the United States. Journal of the American Planning Association. 
2008;74(3):289−306.

376.	 Close J, Ellis M, Hooper R, Glucksman E, Jackson S, Swift C. Prevention of falls in the 
elderly trial (PROFET): a randomised controlled trial. Lancet. 1999;353(9147):93−7.

377.	 Whiteford G. Occupational deprivation: global challenge in the new millennium. British 
Journal of Occupational Therapy. 2000;63(5):200−4.

378.	 Stanley K, Smith SR, Eleanor Smith, Zhenglian Wang, Yi Zeng. Population aging, 
disability and housing accessibility: implications for sub-national areas in the United 
States. Housing Studies. 2012;27:2:252−66.

379.	 Gitlin LN, Hodgson N, Piersol CV, Hess E, Hauck WW. Correlates of quality of life for 
individuals with dementia living at home: the role of home environment, caregiver, 
and patient-related characteristics. American Journal of Geriatric Psychiatry. 
2014;22(6):587−97.

380.	 Petersson I, Lilja M, Hammel J, Kottorp A. Impact of home modification services on 
ability in everyday life for people ageing with disabilities. Journal of Rehabilitation 
Medicine. 2008;40(4):253−60.

U-21291 
Ex.FLO-220 

Page 162 of 172



References 143

381.	 Petersson I, Kottorp A, Bergström J, Lilja M. Longitudinal changes in everyday life 
after home modifications for people aging with disabilities. Scandinavian Journal of 
Occupational Therapy. 2009;16(2):78−87.

382.	 Gitlin LN, Hauck WW, Winter L, Dennis MP, Schulz R. Effect of an in-home occupational 
and physical therapy intervention on reducing mortality in functionally vulnerable 
older people: preliminary findings. Journal of the American Geriatrics Society. 
2006;54(6):950−5.

383.	 Stineman MG, Ross RN, Maislin G, Gray D. Population-based study of home accessibility 
features and the activities of daily living: clinical and policy implications. Disability & 
Rehabilitation. 2007;29(15):1165−75.

384.	 Brunnström G, Sörensen S, Alsterstad K, Sjöstrand J. Quality of light and quality of 
life − the effect of lighting adaptation among people with low vision. Ophthalmic & 
Physiological Optics. 2004;24(4):274−80.

385.	 Fänge A, Iwarsson S. Changes in accessibility and usability in housing: an exploration of 
the housing adaptation process. Occupational Therapy International. 2005;12(1):44−59.

386.	 Gitlin LN. Testing home  modification interventions: issues of theory, 
measurement, design, and  implementation. Annual Review of Gerontology & 
Geriatrics 1998;18(1):190−246.

387.	 Edgren J, Salpakoski A, Sihvonen SE, Portegijs E, Kallinen M, Arkela M, et al. Effects of 
a home-based physical rehabilitation program on physical disability after hip fracture: 
a randomized controlled trial. Journal of the American Medical Directors Association. 
2015;16(4):350.e1−7.

388.	 Tongsiri S, Ploylearmsang C, Hawsutisima K, Riewpaiboon W, Tangcharoensathien 
V. Modifying homes for persons with physical disabilities in Thailand. Bulletin of the 
World Health Organization. 2017;95(2):140−5.

389.	 Slaug B, Chiatti C, Oswald F, Kaspar R, Schmidt SM. Improved housing accessibility 
for older People in Sweden and Germany: short term costs and long-term gains. 
International Journal of Environmental Research & Public Health. 2017;14(9).

390.	 Tchalla AE, Lachal F, Cardinaud N, Saulnier I, Bhalla D, Roquejoffre A, et al. Efficacy 
of simple home-based technologies combined with a monitoring assistive center in 
decreasing falls in a frail elderly population (results of the Esoppe study). Archives 
of Gerontology & Geriatrics. 2012;55(3):683−9.

391.	 Gitlin LN, Hauck WW, Dennis MP, Winter L, Hodgson N, Schinfeld S. Long-term 
effect on mortality of a home intervention that reduces functional difficulties in older 
adults: results from a randomized trial. Journal of the American Geriatrics Society. 
2009;57(3):476−81.

392.	 Ahmad J, Shakil-ur-Rehman S, Sibtain F. Effectiveness  of home modification on 
quality of life on wheel chair user paraplegic  population. Rawal Medical Journal. 
2013;38(3):263−5.

393.	 Heywood F. The health outcomes of housing adaptations. Disability & Society. 
2004;19(2):129−43.

394.	 Carlsson G, Nilsson MH, Ekstam L, Chiatti C, Malmgren Fange A. Falls and fear 
of falling among persons who receive housing adaptations: results from a quasi-
experimental study in Sweden. Healthcare (Basel). 2017;5(4).

395.	 Norin L, Slaug B, Haak M, Jorgensen S, Lexell J, Iwarsson S. Housing accessibility 
and its associations with participation among older adults living with long-standing 
spinal cord injury. Journal of Spinal Cord Medicine. 2017;40(2):230−40.

396.	 Rashbrooke G. Economic effects of utilizing Lifemark at a national level. Wellington: 
Ministry of Social Development; 2009.

U-21291 
Ex.FLO-220 

Page 163 of 172



WHO Housing and health guidelines144

397.	 Report of the Special  Rapporteur on Disability of the Commission for  Social 
Development 2006. New York: United Nations, Department of Economic and Social 
Affairs; 2006.

398.	 ISO 21542:2011 − Building construction − Accessibility and usability of the built 
environment. International Organization for Standardization; 2011−12.

399.	 Community-based rehabilitation guidelines. Geneva: World Health Organization; 2010.
400.	 The enabling environment for housing finance in Kenya. Washington (DC): Cities 

Alliance; 2003.
401.	 Livable housing design guidelines. Sydney: Liveable Housing Australia; 2012.
402.	 Priestley M. National accessibility requirements and standards for products and 

services in the European single market: overview and examples. Academic Network 
of European Disability experts; 2013.

403.	 Guidelines for drinking-water quality (fourth edition). Geneva: World Health 
Organization; 2011.

404.	 General comment No. 15: The Right to Water (Arts. 11 and 12 of the Covenant) 
E/C.12/2002/11. 20 January 2003. Office of the High Commissioner for Human Rights; 
2003.

405.	 Progress on drinking water, sanitation and hygiene. 2017 update and SDG baseline. 
Geneva: World Health Organization and the United Nations Children’s Fund; 2017.

406.	 Bain R, Cronk R, Hossain R, Bonjour S, Onda K, Wright J, et al. Global assessment 
of exposure to faecal contamination through drinking water based on a systematic 
review. Tropical Medicine & International Health. 2014;19(8):917−27.

407.	 OECD Environmental outlook to 2050: the consequences of inaction Paris: Organisation 
for Economic Co-operation & Development; 2012.

408.	 Factsheet: drinking-water. Geneva: World Health Organization; 2015.
409.	 Guidelines for drinking-water quality (fourth edition). Geneva: World Health 

Organization; 2011.
410.	 Guidelines for drinking-water quality (fourth edition incorporating the first addendum). 

Geneva: World Health Organization; 2017.
411.	 Health aspects of plumbing. Geneva: World Health Organization; 2006.
412.	 Roberts L, Chartier Y, Chartier O, Malenga G, Toole M, Rodka H. Keeping clean water 

clean in a Malawi refugee camp: a randomized intervention trial. Bulletin of the World 
Health Organization. 2001;79(4):280−7.

413.	 Ercumen A, Arnold B, Kumpel E, et al. Upgrading a piped water supply from 
intermittent to continuous delivery and association with waterborne illness: a matched 
cohort study in urban India. PLOS Medicine. 2018;12(10):e1001892.

414.	 Results of round I of the WHO International Scheme to Evaluate Household Water 
Treatment Technologies. Geneva: World Health Organization; 2016.

415.	 Managing water in the home: accelerated health gains from improved water supply. 
Geneva: World Health Organization; 2002.

416.	 Technical notes on drinking-water, sanitation and hygiene in emergencies. Geneva: 
World Health Organization; 2013.

417.	 Evaluating household water treatment options: health-based targets and 
microbiological performance specifications. Geneva: World Health Organization; 2011.

418.	 International Scheme to Evaluate Household Water Treatment Technologies. Geneva: 
World Health Organization; 2014. 

U-21291 
Ex.FLO-220 

Page 164 of 172



References 145

419.	 Household air pollution and health [website]. Geneva: World Health Organization; 2018 
(http://www.who.int/en/news-room/fact-sheets/detail/household-air-pollution-and-
health, accessed 30 August 2018).

420.	 WHO guidelines for indoor air quality: household fuel combustion: World Health 
Organization; 2014.

421.	 WHO guidelines for indoor air quality: selected pollutants. Copenhagen: World Health 
Organization Regional Office for Europe; 2010.

422.	 WHO guidelines for indoor air quality: dampness and mould. Copenhagen: World 
Health Organization Regional Office for Europe; 2009.

423.	 Ambient (outdoor) air quality and health [website]. Geneva: World Health Organization; 
2018 (http://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-
quality-and-health, accessed 26 August 2018).

424.	 Burning opportunity: clean household energy for health, sustainable development, 
and wellbeing of women and children. Geneva: World Health Organization; 2016.

425.	 Second-hand tobacco smoke [website]. Geneva: World Health Organization; 2018 
(http://www.who.int/tobacco/research/secondhand_smoke/en/, accessed 26 August 
2018).

426.	 Öberg M, Woodward A, Jaakkola MS, Peruga A, Prüss-Ustün A. Global estimate of 
the burden of disease from second-hand smoke. Geneva: World Health Organization; 
2011.

427.	 Burden of disease from environmental noise: quantification of healthy life years lost 
in Europe. Geneva: World Health Organization; 2011.

428.	 Basner M, Babisch W, Davis A, Brink M, Clark C, Janssen S, et al. Auditory and non-
auditory effects of noise on health. Lancet. 2014;383(9925):1325−32.

429.	 Chrysotile asbestos. Geneva: World Health Organization; 2014.
430.	 Nielsen LS, Bælum J, Rasmussen J, Dahl S, Olsen KE, Albin M, et al. Occupational 

asbestos exposure and lung cancer − a systematic review of the literature. Archives 
of Environmental & Occupational Health. 2014;69(4):191−206.

431.	 Goswami E, Craven V, Dahlstrom DL, Alexander D, Mowat F. Domestic asbestos 
exposure: a review of epidemiologic and exposure data. International Journal of 
Environmental Research & Public Health. 2013;10(11):5629−70.

432.	 Asbestos. Lyon: International Agency for Research on Cancer; 2012.
433.	 Concha-Barrientos M, Nelson DI, Driscoll T, Steenland NK, Punnett L, Fingerhut M, 

et al. Selected occupational risk factors. Comparative quantification of health risks: 
global and regional burden of disease attributable to selected major risk factors 
Geneva: World Health Organization. 2004:1651−801.

434.	 Asbestos: elimination of asbestos-related diseases. Geneva: World Health 
Organization; 2016.

435.	 Factsheet: lead poisoning and health. Geneva: World Health Organization; 2016.
436.	 Nussbaumer-Streit B, Yeoh B, Griebler U, Pfadenhauer LM, Busert LK, Lhachimi SK, 

et al. Household interventions for preventing domestic lead exposure in children. 
Cochrane Database of Systematic Reviews. 2016(10).

437.	 Navas-Acien A, Guallar E, Silbergeld EK, Rothenberg SJ. Lead exposure and 
cardiovascular disease − a systematic review. Environmental Health Perspectives. 
2007;115:472−82.

438.	 Global lead exposure. In: GBD Compare [website]. Seattle (WA): Institute for Health 
Metrics and Evaluation; 2016 (http://vizhub.healthdata.org/gbd-compare, accessed 
26 August 2018).

U-21291 
Ex.FLO-220 

Page 165 of 172

http://www.who.int/en/news-room/fact-sheets/detail/household-air-pollution-and-health
http://www.who.int/en/news-room/fact-sheets/detail/household-air-pollution-and-health
http://www.who.int/en/news-room/fact-sheets/detail/household-air-pollution-and-health
http://www.who.int/en/news-room/fact-sheets/detail/household-air-pollution-and-health
http://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health
http://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health
http://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health
http://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health
http://www.who.int/tobacco/research/secondhand_smoke/en/
http://www.who.int/tobacco/research/secondhand_smoke/en/
http://vizhub.healthdata.org/gbd-compare
http://vizhub.healthdata.org/gbd-compare


WHO Housing and health guidelines146

439.	 Ekong EB, Jaar B, Weaver V. Lead-related nephrotoxicity: a review of the epidemiologic 
evidence. Kidney International. 2006;70(12):2074−84.

440.	 Muntner P, He J, Vupputuri S, Coresh J, Batuman V. Blood lead and chronic kidney 
disease in the general United States population: results from NHANES III. Kidney 
International. 2003;63(3):1044−50.

441.	 Patrick L. Lead toxicity, a review of the literature. Part 1: Exposure, evaluation, and 
treatment. Alternative Medicine Review 2. 2006;11(1):2−22.

442.	 Grandjean P, Landrigan PJ. Neurobehavioural effects of developmental toxicity. Lancet 
Neurology. 2014;13(3):330−8.

443.	 Lanphear BP, Hornung R, Koury J, Yolton K, Baghurst P, Bellinger DC, et al. Low-level 
environmental lead exposure and  children’s intellectual function: an international 
pooled analysis. Environmental Health Perspectives. 2005;113(7):894−9. 

444.	 Bellinger DC. Lead. Pediatrics. 2004;113(4):1016−22.
445.	 Protection of the public against exposure indoors due to radon and other natural 

sources of radiation. Vienna: International Atomic Energy Association/World Health 
Organization; 2015.

446.	 Clero E, Marie CL, Challeton-De Vathaire C, Laurier D, Rannou A. Evaluation des 
risques sanitaires induits par le radon pour les occupants d’une maison construite 
sur des résidus de minerais d’uranium [Assessment of radon-induced health risk 
for occupants of a house built on uranium ore residue]. Revue d’Epidemiologie et de 
Sante Publique. 2016.

447.	 Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, et al. A comparative 
risk assessment of burden of disease and injury attributable to 67 risk factors and risk 
factor clusters in 21 regions, 1990–2010: a systematic analysis for the Global Burden 
of Disease Study 2010. Lancet. 2012;380(9589):2224–60.

448.	 Braubach M, Jacobs DE, Ormandy D. Environmental burden of disease associated 
with inadequate housing. Geneva: World Health Organization; 2011.

449.	 Pfadenhauer LM, Gerhardus A, Mozygemba K, Lysdahl KB, Booth A, Hofmann B, 
et al. Making sense of complexity in context and implementation: the Context and 
Implementation of Complex Interventions (CICI) framework. Implementation Science. 
2017;12(1):21.

450.	 Figueras J, McKee M, editors. Health systems, health, wealth and societal well-being: 
assessing the case for investing in health systems. Maidenhead, United Kingdom: 
Open University Press; 2012.

451.	 Jackson G, Thornley S, Woolston J, Papa D, Bernacchi A, Moore T. Reduced acute 
hospitalisation with the healthy housing programme. Journal of Epidemiology & 
Community Health. 2011;65(7):588–93.

452.	 Takaro TK, Krieger J, Song L, Sharify D, Beaudet N. The breathe-easy home: the impact 
of asthma-friendly home construction on clinical outcomes and trigger exposure. 
American Journal of Public Health. 2011;101(1):55–62.

453.	 Galiani S, Gertler PJ, Undurraga R, Cooper R, Martínez S, Ross A. Shelter from the 
storm: upgrading housing infrastructure in Latin American slums. Journal of Urban 
Economics. 2017;98:187–213.

454.	 Sundell J, Levin H, Nazaroff WW, Cain WS, Fisk WJ, Grimsrud DT, et al. Ventilation 
rates and health: multidisciplinary review of the scientific literature. Indoor Air. 
2011;21(3):191–204.

455.	 Beck AF, Huang B, Chundur R, Kahn RS. Housing code violation density associated 
with emergency department and hospital use by children with asthma. Health Affairs 
(Project Hope). 2014;33(11):1993–2002.

U-21291 
Ex.FLO-220 

Page 166 of 172



References 147

456.	 Krieger J, Jacobs D. Healthy housing. In: Dannenberg AL, Frumkin H, Jackson RJ, 
editors. Making healthy places: designing and building for health, well-being, and 
sustainability. Washington (DC): Island Press; 2011.

457.	 Rozendaal JA. Vector  control: methods for use by individuals  and communities. 
Geneva: World Health Organization; 1997.

458.	 Stranden E, Kolstad AK, Lind B. The influence of moisture and temperature on radon 
exhalation. Radiation Protection Dosimetry. 1984;7(1–4):55–8.

459.	 Brown MJ. Costs and benefits of enforcing housing policies to prevent childhood lead 
poisoning. Medical Decision Making. 2002;22(6):482–92.

460.	 Dixon SL, Jacobs DE, Wilson JW, Akoto JY, Nevin R, Scott Clark C. Window replacement 
and residential lead paint hazard control 12 years later. Environmental Research. 
2012;113:14–20.

461.	 Gould E. Childhood lead poisoning: conservative estimates of the social and economic 
benefits of lead hazard control. Environmental Health Perspectives. 2009;117(7):1162–
7.

462.	 Nevin R, Jacobs DE, Berg M, Cohen J. Monetary benefits of preventing childhood 
lead poisoning with lead-safe window replacement. Environmental Research. 
2008;106(3):410–9.

463.	 Pichery C, Bellanger M, Zmirou-Navier D, Glorennec P, Hartemann P, Grandjean P. 
Childhood lead exposure in France: benefit estimation and partial cost-benefit analysis 
of lead hazard control. Environmental Health. 2011;10:44.

464.	 Chapman R, Howden-Chapman P, Viggers H, O’Dea D, Kennedy M. Retrofitting houses 
with insulation: a cost–benefit analysis of a randomised community trial. Journal of 
Epidemiology & Community Health. 2009;63(4):271–7.

465.	 Levy JI, Nishioka Y, Spengler JD. The public health benefits of insulation retrofits in 
existing housing in the United States. Environmental Health. 2003;2(1):4.

466.	 Hutton G, Haller L, Bartram J. Global cost-benefit analysis of water supply and 
sanitation interventions. Journal of Water Health. 2007;5(4):481–502.

467.	 Aiga H, Umenai T. Impact of improvement of water supply on household economy in 
a squatter area of Manila. Social Science & Medicine. 2002;55(4):627–41.

468.	 Cattaneo MD, Galiano S, Gertler PJ, Martinez S, Titiunik R. Housing, health, and 
happiness. Policy, research working paper 4214. Washington, (DC): World Bank; 2007.

469.	 Nurmagambetov TA, Barnett SB, Jacob V, Chattopadhyay SK, Hopkins DP, Crocker DD, 
et al. Economic value of home-based, multi-trigger, multicomponent interventions 
with an environmental focus for reducing asthma morbidity: a community guide 
systematic review. American Journal of Preventive Medicine. 2011;41(2 Suppl 
1):S33–47.

470.	 Campbell JD, Brooks M, Hosokawa P, Robinson J, Song L, Krieger J. Community health 
worker home visits for Medicaid-enrolled children with asthma: effects on asthma 
outcomes and costs. American Journal of Public Health. 2015;105(11):2366–72.

471.	 Woods ER, Bhaumik U, Sommer SJ, Ziniel SI, Kessler AJ, Chan E, et al. Community 
asthma initiative: evaluation of a quality improvement program for comprehensive 
asthma care. Pediatrics. 2012;129(3):465–72.

472.	 Bhaumik U, Norris K, Charron G, Walker SP, Sommer SJ, Chan E, et al. A cost analysis 
for a community-based case management intervention program for pediatric asthma. 
Journal of Asthma. 2013;50(3):310–7.

473.	 Eurofound. Inadequate housing in Europe: costs and consequences. Luxembourg: 
Publications Office of the European Union; 2016.

U-21291 
Ex.FLO-220 

Page 167 of 172



WHO Housing and health guidelines148

474.	 Waters SF, Boyce WT, Eskenazi B, Alkon A. The impact of maternal depression and 
overcrowded housing on associations between autonomic nervous system reactivity 
and externalizing behavior problems in vulnerable Latino children. Psychophysiol. 
2016; 53(1): 97–104.

475.	 Perry S, de la Luz Sanchez M, Hurst PK, Parsonnet J. Household Transmission of 
Gastroenteritis. Emerging Infectious Diseases. 2005; 11:1093-1096.

476	 Asamoah B, Kjellstrom T, Östergren PO. Is ambient heat exposure levels associated 
with miscarriage or stillbirths in hot regions? A cross-sectional study using survey 
data from the Ghana Maternal Health Survey 2007. Int J Biometeorol 2018; 62: 319–30.

U-21291 
Ex.FLO-220 

Page 168 of 172



149Photo credits

Photo credits
Cover	 Angela Mathee and Allen Jefthas
Page 1	 Wellington City Housing
Page 13	 Angela Mathee
Page 21	 WHO/Anna Kari
Page 31	 Angela Mathee
Page 43	 WHO/SEARO /Joao Soares Gusmao
Page 55	 WHO/Diego Rodriguez
Page 65	 WHO/Sergey Volkov
Page 75	 Angela Mathee
Page 77	 WHO/Anita Khemkha
Page 80	 WHO/Jim Holmes
Page 89	 WHO/Diego Rodriguez
Page 109	 WHO/Anna Kari
Page 113	 Housing New Zealand
Page 119	 WHO/Anna Kari

U-21291 
Ex.FLO-220 

Page 169 of 172



U-21291 
Ex.FLO-220 

Page 170 of 172



U-21291 
Ex.FLO-220 

Page 171 of 172



Contact

Department of Public Health, Environmental 
and Social Determinants of Health
World Health Organization
Avenue Appia 20
1211 Geneva 27
Switzerland

http://www.who.int/phe

ISBN 978-92-4-155037-6

U-21291 
Ex.FLO-220 

Page 172 of 172



Understanding ‘energy insecurity’ and why it matters to health

Diana Hernández
Mailman School of Public Health, Columbia University, 722 W. 168th Street, Rm. 903, New York, 
NY, 10032, USA

Abstract

Energy insecurity is a multi-dimensional construct that describes the interplay between physical 

conditions of housing, household energy expenditures and energy-related coping strategies. The 

present study uses an adapted grounded theory approach based on in-depth interviews with 72 

low-income families to advance the concept of energy insecurity. Study results illustrate the 

layered components of energy insecurity by providing rich and nuanced narratives of the lived 

experiences of affected households. Defined as an inability to adequately meet basic household 

energy needs, this paper outlines the key dimensions of energy insecurity-economic, physical and 

behavioral- and related adverse environmental, health and social consequences. By thoroughly 

examining this understudied phenomenon, this article serves to raise awareness of an increasingly 

relevant issue that merits more attention in research and policy.

Keywords

United States; Energy insecurity; Vulnerable populations; Social; Economic and environmental 
determinants of health; Housing and health; Grounded theory; In-depth interviews

“I mean, no bill drives me crazy like my gas bill.” – Erica, mother of two and 

market rate renter

“My apartment was huge but it was awful too because of the heating system. It was 

never constant, consistent heat. So that basically was the start of my high gas bill 

‘cause I had to keep running that ‘senseless’ heat.”–Nicole, mother of three and 

housing subsidy recipient

1. Introduction

1.1. Energy as a critical social and public health matter

Erica and Nicole’s experiences are emblematic of a source of hardship that affects an 

estimated 16 million low-income households in the United States (Power, 2006). For this 

segment of the population, the struggle to meet basic household energy needs is a common 

strain that remains hidden in plain sight (Hernández, 2013). The World Health Organization 

(2006) affirms that “energy is essential to meeting our basic needs: cooking, boiling water, 

lighting and heating. It is also a prerequisite for good health-a reality that has been largely 
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ignored by the world community.” The lack of attention to energy-related hardship, 

particularly in the U.S. context impels a need to further explore this issue in order to better 

understand its implications at the nexus of place, health and socioeconomic factors.

Energy is an increasingly important social and public health concern. As costs for residential 

heating, cooling and other household energy needs steadily increase, they account for a 

higher percentage of household budgets and represent emerging disparities between richer 

and poorer households (American Coalition for Clean Coal Electricity, 2012). An economic 

ratio, represented as “low household income/high energy expenditures,” is used to estimate 

energy burden in the US and fuel poverty in Europe (Residential Energy Consumption 

Survey, 2012; Power, 2008; Moore, 2012). Both energy burden and fuel poverty ensue when 

energy expenditures exceed ten percent of a household’s income. Recent data shows that 

most U.S. households at or near the federal poverty line are significantly burdened by energy 

costs (Hernández et al., 2014, 2016). However, this economic ratio captures only one 

dimension of energy-related hardship and otherwise fails to account for additional factors 

that contribute to energy burden such as housing conditions and energy behavior.

1.2. Energy insecurity as a needed conceptual framework

One factor that contributes to energy as an ignored hardship is the lack of an appropriate 

label and related conceptual framing. While the term “energy insecurity” exists in the 

literature, the phenomenon is not well understood. Existing studies have utilized the term to 

understand its connection to low socioeconomic status and other social disadvantages, 

negative health outcomes, and in conjunction with other economic and environmental 

insecurities. First, socioeconomic status and race/ethnicity are closely linked to the 

experience of economic energy insecurity. Hernández et al. (2016; 2014) demonstrated that 

households near or below the federal poverty line were more likely to surpass the ten percent 

threshold on energy expenditures. The authors also found that African Americans across the 

economic spectrum experienced economic energy insecurity at the highest rates while Asian 

and Latino immigrants were the least burdened (Hernández et al, 2014, 2016). Second, 

energy insecurity has been linked to health and other hardships (Cook et al., 2008; Smith et 

al., 2007 Frank et al., 2006; Nord and Kantor, 2006). Cook et al. (2008) found that children 

in moderately and severely energy insecure homes are more prone to food insecurity, 

hospitalizations, poorer health ratings, and developmental concerns than children in ‘energy 

secure’ homes. The “heat or eat” dilemma demonstrates the trade-offs that low-income 

householders make in order to meet the basic necessities of life whereby at-risk groups are 

forced to decide between food and energy, often sacrificing one for the other (Frank et al., 

2006; Nord and Kantor, 2006; Food Research and Action Center, 2005; Bhattacharya et al., 

2002). Third, energy insecurity has also been linked to other insecurities such that rising 

energy costs have also impacted access to clean and safe water (Eichelberger, 2010). Beyond 

these limited examples, attention to energy insecurity remains scant and research in this area 

is severely underdeveloped (Hernández, 2013).

This article fills a critical gap in the literature by more comprehensively operationalizing the 

concept of “energy insecurity.” Energy insecurity is defined here as “an inability to 

adequately meet basic household energy needs.” Besides offering this definition, the present 
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study advances this concept by highlighting its primary dimensions-economic, physical and 

behavioral- and exploring the mutually reinforcing nature of this phenomenon. Based on an 

adapted grounded theory analytical framework, this paper gives meaning to the term energy 
insecurity-by providing real world examples of how energy insecurity is experienced and the 

different forms it takes in the lives of vulnerable groups.

2. Methods

2.1. Research questions

The key dimensions of energy insecurity emerged using an adapted grounded theory 

approach in a qualitative study originally conducted to explore broad housing problems 

among low-income families (Hernández, 2016a; 2016b). The present analysis focused on 

energy as a unique housing problem and addressed the following research questions: (a) 

What are the primary dimensions of energy insecurity? (b) How is the experience of energy 

insecurity related to the larger landscape of material hardship for low-income households? 

and (c) What are the health and social implications of energy insecurity?.

2.2. Sample

A convenience sample of 72 participants was recruited from community health centers in the 

Boston area. The author approached families in the waiting areas of pediatric departments 

and asked willing parties to answer a 10-question screen to determine their eligibility for the 

study. Eligible participants included those with: a) at least one self-reported housing 

hardship, ranging from housing affordability, to frequent moves, to hazardous housing 

conditions, b) an income at or below $32,000, which equals 150 percent of the 2008 federal 

poverty level and c) residence in Dorchester, Massachusetts.

A sample consisting of 70 female and 2 male heads of household ranging in age from 18 to 

59 were enrolled in the study. Most participants were single mothers (97%), racial/ethnic 

minorities (47% African American; 29% Latino), native-born (62%), English (72%) or 

Spanish (25%) speakers, and had a high school education or higher (85%). The median 

annual income was $30,000 and the majority received housing subsidies (65%).

2.3. Data collection

Participants underwent a home-based, semi-structured interview to understand their housing 

and neighborhood environments, the coping strategies that participants used to deal with 

housing problems, the use of safety net resources, and parental and child health. The 

housing, energy and health questions included: “Please describe any problems you’ve had 

with respect to your housing” “What have you done to deal with/fix this problem?” “Now, 

I’m going to ask you about your housing expenses including the rent and utilities.” “How, if 

at all, has your housing affected you and/or your children in terms of health?” In addition, 

respondents were asked to give the interviewer a tour of their home in order to document the 

housing conditions described in the interview such as drafty windows, faulty thermostats, 

poor lighting, electrical hazards, outdated appliances and pest infestations. Observations 

from the walkthroughs were captured in field notes. Interviews were conducted in English 

and Spanish by the author and in Vietnamese with the assistance of a translator. Interviews 
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were digitally recorded and transcribed; the average duration was 90 min. Respondents were 

compensated $25 in cash.

This study was approved by Institutional Review Boards at Cornell University, Boston 

University Medical Center, and Beth Israel Deaconess Medical Center, and by participating 

community health centers not affiliated with academic institutions. All study participants 

provided informed consent. Identifying information has been removed to protect the 

confidentiality of study participants.

2.4. Data analysis

Interview transcripts and field notes were systematically coded for emergent themes using 

an adapted grounded theory analytical approach involving a two-phase coding process 

(Charmaz, 2006). Two coders (the principal investigator and a graduate-level research 

assistant) reviewed the transcripts and field notes several times in order to become deeply 

familiar with the data. This process was aided by qualitative data analysis software (Atlas.TI 

version 6.0), which facilitates the systematic analysis of qualitative data and assists in the 

process of categorization and coding, developing themes and organizing data segments 

(Creswell, 2012). Following an inductive analytic approach characteristic of grounded 

theory, we employed open and axial coding techniques. In the open coding phase small 

segments of the data were summarized to offer basic descriptions of the text and enable the 

grouping and categorization of thematically similar codes. These codes included descriptive 

terms such as “light,” “gas,” “heat,” “bills,” “boiler,” “utilities,” and “shut-offs” and in vivo 
terms (in participant’s own language) such as “NSTAR” and “ABCD,” which respectively 

referenced the local utility company and a popular fuel assistance organization. During the 

axial coding phase, several codes were selected for in-depth analysis on the evolving topic of 

energy-related hardship. The analysis yielded emergent themes that demonstrate repeated 

categories of information and the nature of their associations. The process of analysis linked 

codes and traced processes that ultimately led to the observed outcomes related to the three 

dimensions of energy insecurity and related consequences (see Tables 1–4). Collectively the 

data conveyed a tale of material hardship, inefficient building infrastructure, complex coping 

strategies, and limited options for assistance as illustrated below.

3. Results

3.1. The three dimensions of energy insecurity: economic, physical and behavioral

An understanding of the challenges associated with energy insecurity was shaped by the rich 

and detailed narratives of participants who described energy as a main source of hardship. 

Three primary dimensions of energy insecurity emerged: economic, physical and behavioral. 

The presentation of findings is organized to explain each dimension followed by a 

discussion of the environmental, health and social consequences of this phenomenon.

3.2. Economic energy insecurity

Economic energy insecurity represents the disproportionate financial burden that high 

energy costs impose on low-income households. Participants reported a wide range of 

household energy expenditures, from as low as $30 a month to, in some cases, as high as 

Hernández Page 4

Soc Sci Med. Author manuscript; available in PMC 2016 November 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

U-21291 
Ex.FLO-221 

Page 4 of 20



$650 a month at the height of the heating season. On average, participants reported monthly 

bills between $100 and $300 dollars, with considerable variations by season and housing 

type. To put this economic burden in perspective, according to Massachusetts State 

guidelines in 2012 a household of four receiving public assistance would net $691 in cash 

assistance, a portion of which would need to be allocated to utility expenses (Community 

Resources Information). Utilities bills at $200 per month would represent nearly thirty 

percent of household income and therefore a significant, and likely unaffordable, expense. 

This would also render those at the federal poverty line ($23,050 for a family of four in 

2012) as energy insecure using the 10 percent threshold.

The experience of economic energy insecurity is linked to financial hardship and the 

prioritization of basic needs. Many participants attributed low household incomes to 

unstable employment, low wages and the “cliff effect” (Prenovost and Youngblood, 2010; 

Romich et al., 2007). “Cliff effects” occur when households become ineligible for safety net 

benefits despite not experiencing full economic self-sufficiency through employment, a 

circumstance described by one participant as a “catch-22.” Further, in comparison to other 

household expenses such as housing and food, utilities were often considered less of a 

priority and were handled with more flexibility because service interruptions take time to 

ensue and can be avoided. Nevertheless, participants expressed an ethos of responsibly 

“paying the bills,” except many simply could not afford the monthly utility payments and 

were often “playing catch up.” This vicious economic cycle borne from a process of 

prioritization and trade-offs complicates the already fragile financial profiles of low-income 

ratepayers.

The economic hardships associated with unaffordable utility bills resulted in arrearages 

often marked by thousands of dollars of debt to utility companies and brought consequences 

which included limits to energy access as well as restrictions on the ability to change 

residences. Utility arrearages reflected financial hardship but were also linked to billing 

issues, landlord improprieties and seasonal variations as well as building-level inefficiencies 

that increased costs. Shut-off threats and the disruption of utility service were a persistent 

cause for concern among those behind on their bills, though some families were able to seek 

shut-off protection by leveraging medical vulnerabilities.

Moving represented a challenge for families with accumulated utilities debt seeking to 

transfer service accounts to a new residential address. Under these circumstances, some 

participants elected to put services in the name of other household members including 

underage householders. As a vivid illustration of this point, Nicole accumulated $5000 in 

utilities debt after a year and a half of paying for the “senseless heat” (meaning: inadequate) 

she referenced in the opening quote. She considered moving, but essentially was stuck until 

she could pay off the debt as the utility company barred arrearage transfers. Nicole attributed 

this conundrum to living in subsidized housing. She noted that while mobile voucher 

program recipients have more housing choices they are often limited to subpar units where 

they cannot control the efficiency of the dwelling’s appliances and heating/cooling systems 

and seldom have utilities included in the rent.
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Economic energy insecurity thus reflects the financial hardship associated with making ends 

meet on limited budgets and the consequences of exorbitant utility bills. The economic 

challenges are further exacerbated by surplus costs stemming from inefficiencies in the 

physical environment, reflecting the second dimension of energy insecurity.

3.3. Physical energy insecurity

Physical energy insecurity is defined as deficiencies in the physical infrastructure of the 

home environment that impact thermal comfort, induce harmful exposures and increase 

energy costs. Examples of such deficiencies include but are not limited to malfunctioning 

heating and cooling systems, outdated plumbing and electrical systems, poor lighting, and 

inefficient appliances. In some instances physical energy insecurity stemmed from the 

overall poor quality of the housing unit marked by a lack of upgrading in older housing, the 

use of subpar building materials and inadequate maintenance practices. Facing limited 

housing options due to lack of affordability, many poor renters and homeowners alike are at 

increased risk of living in lower-quality housing. Renters are at a significant disadvantage 

when landlords have little incentive to improve older, less efficient building systems and 

appliances particularly when the onus of payment falls on the tenants (Bird and Hernández, 

2012). In this sample, energy-specific inefficiencies deriving from drafty doors and 

windows, faulty thermostats and lack of insulation resulted in significant heat loss and 

thermal discomfort. Further, participants noted that the transition from oil to gas, often a 

more efficient option, resulted in less comfort and unexpected bills. These conditions not 

only caused further economic hardship, but contributed to unsafe living conditions. In 

response to these challenges, study participants often devised a variety of behavioral 

strategies to manage the physical and economic facets of energy insecurity.

3.4. Behavioral energy insecurity

Behavioral energy insecurity is defined by strategies used to cope, improvise and counteract 

the impacts of economic and physical energy insecurity. This dimension is marked by both 

positive and negative behavioral approaches. Positive strategies had environmental and 

economic benefits and demonstrated resourcefulness; negative strategies presented risks to 

health, safety and residential stability. Strategies revolved around three inter-related 

categories: energy conservation and/or thermal comfort compensation, bill-paying, and shut-

off avoidance and compensation.

Participants described a range of energy conservation strategies, some more elaborate than 

others. Many practiced vigilance in energy consumption using lights, heating equipment and 

other appliances sparingly so as to minimize costs. Some participants sought thermal 

comfort by insulating their homes to reduce drafts and addressing other sources of heat loss. 

However, the inability to regulate temperatures and the consideration of costs led some to 

sacrifice comfort and jeopardize health and safety. For example, under desperate 

circumstances, some described using space heaters to compensate for inadequate thermal 

comfort, and others used the stove or oven as improvisational heating methods.

Bill-paying behaviors described by participants included juggling expenses by paying down 

utilities debt using funds from annual tax returns when available or making partial payments 
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to keep the services on while simultaneously accruing debt for the unpaid portion. Some 

enrolled in “balanced billing” to better predict expenses based on a monthly average of the 

annual energy costs for the home, that is then billed evenly across the year by the utility 

company. Other participants drew on external resources such as fuel assistance administered 

through local organizations to help pay bills. Fuel assistance is typically applied directly to 

the utility bill and renewed annually for those fortunate to qualify and enlist when resources 

are available. However, several participants described being turned away as federal and 

state-sponsored fuel assistance resources are often quickly exhausted in high demand areas 

such as Boston, leaving needy households with few options for relief.

In the event of a shut-off, households sacrificed by drawing on basic survival skills using 

non-energy sources to store and prepare food until they obtained the needed funds to 

reinstate the services. Many utility companies offer shutoff protection for eligible 

households, including those with very young children and elderly inhabitants or those with 

medical conditions that require household energy, though this stipulation varies by utility 

company and state-level policy (U.S. Department of Health and Human Services). At the 

time of data collection, shut-off protection in Massachusetts required a letter from a 

qualified medical provider and was subject to renewal every 90 days. Many study 

participants with young children or medical conditions such as asthma, diabetes or mental 

health disabilities qualified for this renewable protection. However, leveraging medical 

vulnerabilities proved an insufficient and unsustainable method of shielding a household 

from energy insecurity since arrearages mounted and participants were, in essence, trapped 

when unable to transfer accounts with balances to a new residence.

Participants noted key challenges in receiving helpful information on energy savings and 

available resources in marginalized communities, feeling that nothing could be done to 

improve the circumstances. Still others simply hoped for more and had faith that they would 

overcome the energy hardships they encountered. Ultimately, the persistence of such 

economic and physical deficiencies posed significant environmental, health and social risks.

3.5. Adverse consequences of energy insecurity

Study participants identified a number of adverse environmental, health and social 

consequences related to the energy insecurity problem. Whether renters or owners, the 

economic and physical housing hardships and negative behavioral strategies significantly 

compromised resident health and environmental quality as well as exacerbated conditions of 

social disadvantage. Poor housing quality and lack of proper maintenance (i.e. poor 

insulation, limited ventilation, and malfunctioning heating and cooling systems) often 

caused harmful environmental exposures including extreme home temperatures, gas leaks 

and dampness, mold and humidity. Further, the use of stoves for heat was a common strategy 

for seeking thermal comfort yet doing so induces harmful exposures shown to jeopardize 

health and safety (Lanphear et al., 2001; Garrett et al., 1998). The lack of comfortable home 

temperatures also exacerbated asthma symptoms, particularly during winter months.

Economic hardships and poor physical conditions also contributed to chronic stress (Evans 

and Kantrowitz, 2002; McEwen, 1998). Participants described feeling worried about fuel 

bills and the deteriorated conditions of their home environments. The experience of energy 
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insecurity also triggered mental health disorders such as anxiety and depression. Several 

participants mentioned involvement with medical providers for adversity-related mental 

health treatment or to leverage a medical vulnerability for shut-off protection purposes. The 

constant threat of service interruptions due to non-payment fueled parental fear and stigma. 

Parents felt judged by persistent surveillance on the part of child protective services and 

feared losing parenting privileges to the State with the concern that being unable to “keep 

the lights on” could be considered a marker of inadequate parenting. Some participants 

expressed feelings of shame and a disruption of family life when living through a utility 

service disconnection. Moving represented a way out of the discomfort with some 

participants moving frequently to escape both faulty heating systems and high bills. 

However, this coping strategy brings with it negative consequences, as residential instability 

spurs the loss of social network and institutional ties, which comes at a significant cost in 

terms of social capital.

4. Strengths, limitations and future directions

This article presents a comprehensive view of a hidden source of hardship-energy insecurity. 

Although the original purpose of this study was to examine housing problems experienced 

by low-income householders, the phenomenon of energy insecurity emerged from a rigorous 

examination of the data using an adapted grounded theory approach. This process uncovered 

the dimensions of energy insecurity along with its adverse environmental, health and social 

consequences. Notwithstanding these strengths, the exploratory nature of the research may 

omit other critical aspects of this phenomenon that did not surface in the analysis. Also, this 

study was conducted in the Northeast where cold weather and home heating issues factored 

prominently into participants’ narratives. Warm weather burdens and cooling hardships 

borne by those in hotter climates should be explored in future research. These results should 

be used to inform larger epidemiological studies to validate the links between energy 

insecurity and various health outcomes pertaining to overall health and in particular 

respiratory and mental health. These findings should also motivate refinement of existing 

measures of energy insecurity, which to date focus heavily on shut-offs, inability to pay and 

using alternative heating sources rather than the more comprehensive dimensions of energy 

insecurity exposed in the present article (U.S. Department of Health and Human Services, 

Office of the Administration for Children and Families).

5. Discussion

5.1. The energy insecurity pathway to disease and disadvantage

The present analysis focused on the lived experiences of energy insecurity among low-

income householders. The evocative narratives presented above highlight the salience of 

material hardship in determining an outcome of vulnerability that renders keeping the lights 

on and staying warm an everyday challenge for poor households throughout the United 

States. As demonstrated by the results, energy insecurity is an important social, economic 

and environmental determinant of health. It is a manifestation of poverty comprised not only 

of an imbalanced ratio of household income to energy expenditures but also one that 

includes physical and behavioral realms of hardship. In this way, energy insecurity is akin to 
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food insecurity. In fact, an almost equal number of U.S. households encounter food 

insecurity as do experience energy insecurity (16 million versus 17 million, respectively) 

(Power, 2006; Coleman-Jensen et al., 2015). Many are burdened by both. Similar to food 

insecurity, where affordability and access to quality food matters, energy insecurity is 

determined by access to decent, efficient and affordable housing. Both are embedded within 

larger contexts of material deprivation and neighborhood disadvantage. Still, food is 

generally considered indispensable whereas energy is often perceived as an amenity. As 

most of people would cringe at the thought of hunger-prone families, few shudder at the 

notion of poor households living in the cold and in the dark, accruing debt to fulfill a basic 

need (Fig. 1).

The energy insecurity phenomenon is predicated on markers of social disadvantage such as 

low socioeconomic status, race, ethnicity, family composition and housing tenure; all 

considered key social determinants of health. In addition, energy insecurity acts as a 

mediator in the poor housing to poor health continuum. Set within the larger context of 

neighborhood disadvantage, factors such as racial residential segregation, concentrated 

poverty, limited social cohesion and deficient institutions produce a backdrop of structural 

challenges with direct implications for the availability of a decent housing stock. Unsafe 

neighborhood conditions also amplify the salience of the home environment as people stay 

home more often to avoid violence and danger (Hernández, 2016a,b). As an additional layer 

of disadvantage, housing marked by deficiencies in quality and lacking modern efficiencies 

affect the conditions of the home environment and the costs associated with its operation 

(i.e. utility expenses). Individuals living under these circumstances proceed to interact with 

the physical and economic aspects of housing and energy according to available material, 

informational and institutional resources. If limited by poverty and low social capital, 

householders may cope in ways that are detrimental to health and well-being (i.e. 

experiencing a shut-off, thermal discomfort). The environmental, health and social 

consequences of this phenomenon are thus the result of a “pathway of disadvantage” in 

which energy insecurity plays a unique meditating role. Its position reflects and exacerbates 

layers of ecological disadvantage from household income at the micro-level to housing cost 

and quality at the meso-level to low resource neighborhood settings and lack of adequate 

policies at the macro-level.

Literature suggests that housing interventions that promote warmth and energy efficiency are 

among the most effective options to improve health outcomes by way of housing conditions 

and the socio-economic determinants of health (Thomson and Thomas, 2015). While 

evidence in this area is still emerging in the U.S. context, researchers in Europe and New 

Zealand have established that investments in warmth and energy efficiency improve housing 

conditions, reduce fuel costs, and increase comfort and a sense of pride in one’s home, 

which then lead to direct and indirect improvements in general health, respiratory health and 

mental health. Further, cycles of disadvantage are thwarted by reduced time off from school 

and work thereby increasing parental and child productivity (Thomson and Thomas, 2015). 

The intergenerational promise of such interventions is critical given the deleterious impact of 

adverse childhood experiences and chaotic environments on child development (Shonkoff et 

al., 2012; Evans et al., 2005). Therefore, addressing energy insecurity through energy 
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efficiency interventions has the potential to break chronic cycles of hardship along this path 

of disadvantage.

5.2. Energy insecurity and housing-related factors

Energy insecurity is impacted by housing type, tenure and quality whereby one’s status as an 

owner or renter determines if and how one experiences this phenomenon. The majority of 

study participants that experienced economic energy insecurity were either a) housing 

choice voucher recipients, which provides the option to rent market rate apartments using a 

subsidy that covers two-thirds of the rental amount; b) renters in market rate apartments or c) 

low-income homeowners; all in a low resource neighborhood context. For renters, 

subsidized and market rate alike, decisions regarding the quality of the building and energy 

infrastructure remain outside of their control and mostly favored the interests of landlords 

and property managers. At times, energy-related infractions qualified as housing violations 

and in most instances exhibited egregious abuses of power and privilege on the part of 

landlords. As shown above, landlord improprieties, maintenance practices and choices to 

improve property (or not) had a direct impact on the quality of household energy, with 

implications for cost and comfort on the part of tenants. The “split-incentive problem,” 

whereby landlords lack clear incentives to invest in the most efficient options when they are 

not responsible for utility costs, further exacerbates the dilemma of energy insecurity for 

renters (Bird and Hernández, 2012). Renters would have further recourse with revised and 

better enforced housing codes related to energy as well as further financial incentives for 

landlords to upgrade properties in order to decrease costs, mitigate risks and increase 

comfort.

Among renters, energy expenditures were often cited as a significant consideration in 

choosing to move to or from apartments that required tenants to pay utilities. Many 

ultimately chose poorer quality apartments in lieu of utilities payments. Public housing 

residents and a handful of participants for whom utilities were included in the rent were 

spared from the financial hardships associated with economic energy insecurity. 

Nonetheless, these economic protections did not always shield against the physical and 

behavioral aspects of energy insecurity, for instance, over- and under-heating, poor 

insulation, drafts and malfunctioning appliances. In fact, the experience of those who did not 

pay for utilities but still encountered energy challenges formed the basis for further 

exploration of the various dimensions of energy insecurity beyond the economic component. 

In order to address both the cost and conditions issues presented by energy insecurity, the 

U.S. should consider adopting an energy rating system for all buildings, already 

implemented throughout Europe, to increase transparency in energy performance in all 

housing types but especially in rental properties (Bio Intelligence Service et al., 2013).

Unlike renters, low-income homeowners shouldered the entire burden of economic 

responsibilities related to housing and energy expenditures, and as such the onus and 

associated trade-offs were more severe for this group. Further, the costs to properly maintain 

and upgrade older homes were often prohibitively expensive given the upfront costs of 

upgrades and the broader housing and economic crises occurring at the time of data 

collection. So, while homeowners enjoyed some measure of control over the structural 
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conditions of their home, their low-income status constrained opportunities to increase the 

energy efficiency of their property. Safety net benefits should look to especially target low-

income homeowners with subsidies to improve housing conditions, increase efficiency, and 

decrease costs so as to promote economic and residential stability in this vulnerable group.

5.3. Addressing energy insecurity through policy and advocacy

Energy insecurity is impacted by gaps in energy-related safety net policies and by the lack of 

sufficient protection for low-income energy consumers. As a critical component in 

alleviating poverty, addressing energy insecurity at the policy level necessitates a closer look 

at the current options to support affected populations. The Low-Income Home Energy 

Assistance Program and the Weatherization Assistance Program are the most relevant 

federal-level initiatives seeking to provide fuel assistance and weatherization services to 

eligible households. However, both programs have historically been underfunded and subject 

to budget cuts particularly in recent years, thus preventing low-income households from 

accessing needed resources to address energy-related hardships (Hernández and Bird, 2010). 

Greater awareness of the dimensions of energy insecurity and accompanying advocacy may 

lead to more comprehensive policy measures to expand existing programs in order to ensure 

that the needs of low-income householders are better met (Bird and Hernández, 2012; 

Hernández and Bird, 2010).

State-level policy and utility companies play critical roles in the problem of energy 

insecurity. State disconnection policies vary substantially but most cover medically 

vulnerable households and often contain seasonal policies barring shut-offs during extreme 

weather (U.S. Department of Health and Human Services). Nevertheless, many of these 

policies are time limited taking effect for a year or less on average and thereby dismissing 

the chronic nature of energy-related hardship (U.S. Department of Health and Human 

Services). Comprehensive measures are needed to a) better protect households from the 

experience and threat of utility disconnection; b) mandate more favorable rates for indigent 

households; and c) defend against the accumulation of debt and related account transfer 

restrictions. Utility companies may be compelled to realize such priorities as non-payment 

marks a financial liability and shut-offs are an encumbrance for all. Pressure by lawmakers 

and advocates may help propel these changes as utility companies (like landlords) may 

otherwise lack incentives to act in the best interest of low and moderate-income ratepayers.

The present research has implications for revising standards for healthy and sustainable 

housing to ensure that low-income households across the U.S. can access higher quality, 

health-conducive and energy secure housing environments. The Centers for Disease Control 

and the U.S. Department of Housing and Urban Development (HUD) have issued healthy 

housing guidelines in order to reduce exposure to environmental hazards in the home and 

promote healthful indoor living environments (Centers for Disease Control and Prevention 

and U.S. Department of Housing and Urban Development, 2006). However, thermal comfort 

and energy efficiency are not comprehensively included in the various health and safety 

measures covered by current national-level initiatives. For example, HUD-subsidized 

housing, including the housing choice voucher program and public housing, does not 

enforce an energy efficiency standard leaving tenants more susceptible to energy insecurity. 
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Nevertheless, energy and health are becoming more integrated in affordable housing 

development via mechanisms such as the Enterprise Green Communities Criteria and 

Certification, which provides a framework to ensure that low-income housing is healthier, 

more efficient and incorporated into the fabric of communities thereby promoting resident 

well-being and sustainability. Improved standards and integrative housing development are a 

critical application of “health in all policies” that should apply to both new construction and 

existing buildings.

Finally, the concept of energy insecurity provides a useful framework to fuel advocacy. 

“Energy justice”, which seeks equity for vulnerable populations along the energy production 

and consumption continuum, recognizes sacrifice and insecurity as central tenets of the 

present energy landscape in the U.S. (Hernández, 2015). While the call for energy justice is 

broad and includes imperatives to move toward healthy, sustainable energy production and 

access to the best available energy infrastructure, the movement relates directly to energy 

insecurity with demands for affordable energy and uninterrupted energy service. Housing, 

poverty and public health advocates should consider promoting energy justice in order to 

address the complex social, environmental and public health problem that is energy 

insecurity.

6. Conclusion

This article describes three key dimensions of energy insecurity: economic, physical, and 

behavioral that are premised on poverty and carry adverse environmental, health and social 

consequences. Study results help to uncover the layered components of energy insecurity by 

providing rich and nuanced narratives of the lived experiences of those affected by this form 

of hardship. As a construct, energy insecurity reveals and amplifies other chronic and 

interactive vulnerabilities that low-income householders encounter. The economic hardship 

associated with energy insecurity is indicative of low incomes relative to high energy 

expenditures. In addition to the constraints caused by poverty, the problem of economic 

energy insecurity might be viewed from a structural perspective, as exemplified by the 

participant who aptly attributed energy insecurity to the poorer quality of housing available 

to low-income renters. In its physical form, energy insecurity encompasses inadequate 

housing conditions such as drafts from windows/doors and holes/cracks in the walls, floors 

or ceilings that induce energy inefficiencies and reduce “tightness” in the home. These 

conditions, in turn, create difficulties in regulating home temperatures and produce 

vulnerabilities in a home’s physical infrastructure that provoke mental health risks and 

unhealthy exposures. Combined, the physical and economic challenges associated with 

energy insecurity prompt coping strategies in the form of behavioral responses to energy 

inefficiencies that sacrifice comfort and potentially safety in response to energy costs (e.g. 

using space heaters or ovens for heating, carrying utility arrearages due to making partial bill 

payments). Paradoxically, these practices may lead to higher utility bills compared to more 

efficient alternatives. Some energy conservation methods used by study participants did 

result in economic and environmental benefits and the ingenuity employed under these 

circumstances demonstrated resourcefulness. However, there were several adverse health 

and social consequences to the energy insecurity problem including environmental hazards, 

parental fear and stigma as well as residential instability. Critical issues pertaining to energy 
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insecurity such as the role this phenomenon plays along the pathway of disadvantage and the 

salience of housing type, tenure and quality were discussed alongside the need for policy-

level changes to better address energy insecurity and advance energy justice.
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Fig. 1. 
Energy insecurity: a pathway to disease and disadvantage.
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Table 1

Economic Energy Insecurity- Definition, related codes and exemplary quotes.

Dimension Related codes Exemplary quotes

Economic 
energy 
insecurity
 Definition:
 Financial 
hardship 
associated 
with the cost 
of
 energy 
relative to 
income and 
other 
expenses.

Poverty, material hardship
and tenuous employment

We’re definitely not making ends meet between the price of food, the gas is killing us, just the
normal day [things] … It’s hard to keep up.
At the time I was working part-time and I just couldn’t give them anything. I know sooner or
later they’d probably be taking me to court for non-payment but it’s sad because even then I
could never get no help also for my high gas bills.
If I had access to a job or a little bit more money it would be so much easier to pay these bills 
and
stuff, you know, ‘cause I don’t like owing anybody anything.
I’m playing catch-up with my light bill because like I said, for two years, I wasn’t really 
working.
When I moved here my light bill was I think 800, almost 1000 dollars. So shortly after I moved
here, I went back to my real job. Then I got laid-off in January but I went back to work in
February. It’s just playing catch-up
If I go back to work he says that I will lose the food stamps. We’ll lose the fuel assistance, and 
he
feels like we really won’t be any better off. So I feel like it’s a catch-22.

Energy-specific financial
hardship

I’m having a hard time keeping up with the utilities. It’s just really throwing me over the edge
financially.
The only difficulty we have is the lights. Other than that, we make it.
It’s just been high, high, high! And it’s like when you pay all the bills, they let you know you’re
gonna get another light bill … It’s like it’s not going anywhere.
My electric bill has gone way out of whack. I mean, I have a 700 dollar electric bill.
The bill is at $7000.00. I told the representative to do a payment plan that is no more than
$60.00, because I honestly can’t pay any more than $60.00 plus the regular bill. It’s too much 
for
me.

Priorities and trade-offs If I had to choose between paying my rent, paying my utilities, and feeding my children, I’d 
feed
my children and I’d worry about that later. But I do. My rent’s always paid. He’ll tell you. My
rent’s right there. Because I figure, at least I’ve got a roof over their head, you know.
I have difficulty paying the utilities. Sometimes I have to pay one and then pay the other. I’ma
always pay my rent ‘cause I’m not trying to be out there on the [street] you know what I’m
sayin’.
It’s either pay the electricity bill or do what I gotta do for my kids and to be honest with you I’d
rather just turn all this stuff off.

Seasonal variations The bills vary by season. For example, summertime gas is slightly lower than electricity and 
then
you know, wintertime gas is much, much higher – extremely higher than electricity. As for
summertime, electricity is obviously higher because of air-conditioning. It’s so hot and we live
on the third floor. It is burning hot. It is extremely hot.

Billing issues Sometimes your gas bill you get charged twice on your gas bill. You get charged a gas supply
charge and a delivery charge. So that’s what gets you.
They had to give my niece $2000 back ‘cause they overcharged her. She was paying for [her
neighbors too].

Landlord improprieties I never took any landlords to court though I should’ve one time because this landlord was using
my electricity to clean out his units and ran me a bill for almost $9000. When I wasn’t home, I
was at school, he’s using my socket from outside.

Discontinued service due 
to
non-payment

Well the light just came as a new bill for $120.00. Earlier it was disconnected because the
account went up to $3000.

I have difficulty paying the utilities, sometimes I have to pay one and then pay the other. They
threatened to shut off my gas and I was like, ‘Listen, I can’t do it. I only get one check.’ I can’t
afford it, you know what I’m sayin’. I got the rent, lights, gas and everything but it’s just me …
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Table 2

Physical Energy Insecurity- Definition, related codes and exemplary quotes.

Dimension Related codes Exemplary quotes

Physical energy insecurity
 Definition:
 Deficiencies in the physical 
infrastructure of the home environment 
that
 impact thermal comfort, induce 
harmful indoor exposures and increase
 energy costs.

Poor overall
housing quality

The disadvantage of having a Section-8 voucher is that these landlords tend to
take advantage. In a lot of Section-8 apartments, none of them provide you with
heat and hot water. It’s always no utilities. It’s not the best apartments. I’m quite
sure it’s not the best heating systems ‘cause like I said, I’ve lived there. I’m a
prime example. That’s why people have to know their rights as a tenant.
There’s no insulation in the house. That’s why it’s cold, and the heating’s always
gone so … The electrical is outdated, and the plumbing.

Faulty building
infrastructure

If I open this door you feel like you’re standing outside. There’s no heat in here
and there’s no heat in the kitchen but it’s big, huge, empty house.
Our heater goes down to 60, 61, 62 [degrees] tops all year-round but the walls
were never insulated, so the heat goes right out the window.
The thermostat, if you turn it off, the heat will still be on, and that runs up the
bill.
I want Boston Gas to come out here so they can look at the boiler for themselves
‘cause the first [inspector], when I first got my energy report he told me it looked
like I was heating the whole of Boston. Then I get the next [inspector’s] report
and his report is just as bad as the first man’s report. What don’t they
understand? Don’t go after me. Go after the landlord ‘cause I can only afford to
give you $200 a month and that’s all I can give you

Changes in
building energy
systems

We didn’t have to pay for the heat, it was oil based and the landlords paid for it
themselves. Then about a year later they changed it, without notice and they
didn’t even tell us. The bill just came. It was very warm before, now you put that
thing on and you’ll still feel cold …
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Table 3

Behavioral Energy Insecurity- Definition, related codes and exemplary quotes.

Dimension Related codes Exemplary quotes

Behavioral energy 
insecurity
 Definition:
 Behavioral strategies 
used to cope, improvise 
and counteract
 the impacts of 
economic and structural 
energy insecurity.

Energy
conservation

I use my gas wisely, you know. Only time it’s on is to cook real quick or hot water for showers
… Right before its time for them to take showers I turn the heat on, and then when they get
ready for bed, sometimes I’ll turn it down or turn it off’cause they’re underneath the blankets.
You just gotta manage how you do it … If you don’t need it you shut it off.”
I don‘t’ use heat all that much and we manage because the gas is budgeted … We have been
watching what we keep the thermostat at.
During the day we keep off lights. The only thing that’s running is the TV … We also don’t burn
that much gas. We don’t use that much electricity ‘cause I know the electricity be sky-high if
you leave the lights on and stuff.

Seeking thermal
comfort

In the wintertime if something happens to the heat by chance, I turn the oven on, which is my
electricity. The heat goes through the place like that and then I cut it off. That’s what I do.
Some people also came in here and showed me how to save electric … I pretty much did it
myself—the insulation. I put the stuff under the doors and plastic over the windows [to keep
the cold out].

Lump sum and
partial bill
payments

I’m praying that I get enough money back from my tax return to pay everyone off so they can
leave me alone, don’t bother me no more.
So the whole week [during a shut off], all we did was took a bucket like we were having a
cookout. You know those buckets that you use to put sodas and stuff. Put some ice in it, it
lasted for a week. Eating sandwiches, takeout. My kids said, ‘Mommy, when they gonna put
the gas back so we cook the fish?’ I finally got two checks and turned the lights back on. You
gotta sacrifice.
My mother’s pays like 50 dollars here, 100 dollars there, whatever she can.
But even if I give them $100 right now, I can’t pay because even if I give them $80 the bill is
$100, $120 every month. That’s why I give them $80 ‘cause I can’t pay the whole bill.

Fuel assistance I can go to certain places if I need help to get fuel assistance
After running around trying to get help there but they helped me out finally. I did that … fuel
assistance helped me.
I just started with them last year … they gave me $350 for the bill. Then I got a letter from
them a couple of weeks ago to fill out and send back [to renew].
I could never get no help for my high gas bills. I would call the local foundations, the Salvation
Army, churches and they would always say that they had no money.

Leveraging
medical
vulnerability

They can’t turn it off, basically, because my baby has asthma, for one thing. My mother has a
bad heart, for another thing. I don’t care how high it gets. They can keep on sending us [bills];
we’ll pay what we can …
I had my son’s doctor fax a letter to [the utility company] saying they can’t turn off my lights
because he’s on an asthma machine and he needs it. So that’s the only reason my lights stayed
on.
I have called the electric company. We’re protected from our lights getting shut off for now
from financial difficulties and because of [my son’s] asthma.

Faith, hope and
despair

That’s [a shut off] what was worrying me before, but I’m trusting in God.
My outlook on it is that, I want better for my children. To have better for my children I need
better housing.
Inside these neighborhoods ain’t no way for us to save no money on no electricity ‘cause they
come out when they want to come out and it’s hard to find people to talk to [for good
information]. There’s nothing you can do …
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Table 4

Environmental, health and social consequences of energy insecurity.

Consequence Related codes Exemplary quotes

Environmental Hazardous
exposures

For three months there was a gas leak and I ended up going to the hospital. … The smell kept on coming 
up [but] the [stove] pilot wasn’t lit. I
had to call the gas company. I said, “Look, you have to come down here. This gas is killing me.” …

Heat stress As for summertime, electricity is obviously higher because of air-conditioning. It’s so hot and we live on 
the third floor. It is burning hot. It is
extremely hot.

Cold stress If I open this door you feel like you’re standing outside. There’s no heat in here and there’s no heat in the 
kitchen. He [the landlord] says it’s a
four bedroom but really it’s a big, huge, empty house.

Health Asthma In the wintertime its more [of a problem] ‘cause he [child] gets sick more with asthma.

Chronic stress “Stress. It adds stress. It’s silly sometimes, but I think like, “Geez. My lights are gonna shut off.” Even 
though I know they won’t but even if I’m
behind a few days a week I worry. I worry about a lot of things. I do. I mean, I know it won’t happen but 
I worry about it. I do. I worry a lot.”

Mental health
trigger

Every time I call I get nowhere, that’s why I told my psychiatrist. Then I went into a depression, you 
know, ‘cause I’m trying to show them my
bill and everything and don’t nobody ever have funds for me. So I told her I feel like I’m being targeted, 
which I know better, but I was just
feeling low, you know …

Social Parental fear and
stigma

One day I didn’t have no money to pay my bill and they was gonna turn off my lights. When they turn 
off your lights people look at that and I
didn’t want nobody coming in here and take my children from me because I don’t have my lights on.

Family disruption My bills started raising up and raising up and I went to the doctor’s because they turned off my gas. So, I 
sent my kids to their aunt’s house
‘cause I didn’t want them in the house since you can’t cook or give them a bath or nothing. I didn’t want 
them here. And then I went through
my depression thing- it just went down for me.

Residential
instability

From all my apartments I’ve always had faulty heating systems and I always had to pay my own utilities. 
That’s one of the reasons why we
moved so much.
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MPSC Case No: U-21291 
Requester: FLO 
Question No.: FLODG-2.3b 
Respondent: J. E. Sparks 
Page: 1 of 1 

Question: 3. The Company states that the original $30 LIA credit was designed to 
cover approximately 68% of a customer’s bill. Sparks Direct at 17. The 
Company proposes to increase the credit to $40, which will cover only 
approximately 60% of the bill. Sparks Direct at 17. 

b. Please explain why the Company is proposing to offer an LIA credit of $40
(equivalent to approximately 60% of a customer’s bill) instead of $45
(approximately 68%). This explanation should include a description of any
considerations the Company weighed.

Answer: DTE Gas considered a $45 LIA monthly credit but decided to use $40 for a
combination of reasons. The first reason is gradualism. Many times the
Commission prefers to implement changes gradually. Proposing a $10
increase as opposed to a $15 increase would allow for a more gradual
change. Additionally, DTE Gas does not know what final rates will be
approved by the Commission. It is possible that the $40 will be close to 70%
of the bill based on the final Commission order. Another factor was the $40
DTE Electric LIA credit. Finally, the proposed LIA credit is approximately 70%
of the non-commodity bill based current (U-20940) base rates. When
deciding which credit to propose, the combination of these made the $40
most likely to be acceptable to all parties.

Attachment: None. 

U-21291 
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MPSC Case No: U-21291 
Requester: FLO 

 

Question No.: FLODG-2.4b 
Respondent: J. E. Sparks 
Page: 1 of 1 

Question: 4. The Company states it “plans to maintain an LIA that will offset 
approximately 70%” of a customer’s bill. Sparks Direct at 18. But the 
Company has proposed an LIA credit that will offset approximately only 60% 
of a customer’s bill. Sparks Direct at 17. 

b. Why has the Company decided in the instant case to not increase the LIA 
credit to an amount that would offset a customer’s bill by 70%? 

 
 

Answer: See response to FLODG-2.3b. 
 
 
 

Attachment: None. 

U-21291 
Ex.FLO-222 
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MPSC Case No: U-21291 

Requester: FLO 

Question No.: FLODG-1.18c 

Respondent: J. E. Sparks 

Page: 1 of 1 
FLODG -1.18 c (J. E. Sparks) 

 

 

Question: 18. Does the Company expect to impose a cap on the enrollment for LSP, 

RIA, or LIA if customer demand exceeds projected demand? 

c. For each program, describe how customers are selected for participation if 

demand to participate in each program exceeds the number of available slots.  

 

Answer: LSP enrollments are determined by the amount of available Michigan Energy 

Assistance Program (MEAP) funding. Enrollments and funding are subject to 

the processes managed by community action agencies. All eligible customers 

are able to receive an RIA credit. LIA credits are currently prioritized by 

customers enrolled in the LSP program and those eligible graduates of the 

LSP program.  

 

 

 

Attachment: None 
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MPSC Case No: U-21291 
Requester: FLO 
Question No.: FLODG-1.18a 
Respondent: J. E. Sparks 
Page: 1 of 1 

Question: 18. Does the Company expect to impose a cap on the enrollment for LSP, 
RIA, or LIA if customer demand exceeds projected demand? 

a. If so, for each program, describe what the enrollment cap is or would be.

Answer: The Company does not determine any caps to LSP, RIA or LIA. 
- LSP enrollments are determined by the amount of available Michigan

Energy Assistance Program (MEAP) funding. MEAP funding is sourced by
a surcharge applied to electric meters for those Michigan utilities that opt
in. Enrollments and funding are managed by community action agencies.

- All eligible customers may receive the RIA credit. Currently, 70,000
customers are funded through rates and expenses for enrollments in
excess of that amount are deferred.

- The LIA credit enrollment and distribution is limited by what is recoverable
through rates. Currently 33,000 annual customer enrollments are funded
through rates and expenses for enrollments in excess of that amount are
deferred.

The amounts funded through rates are determined as part of the base rate 
case process. Changes to any of the programs are subject to MSPC 
approval. 

Attachment: None 
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MPSC Case No: U-21291 

Requester: FLO 

Question No.: FLODG-1.17 

Respondent: J. E. Sparks 

Page: 1 of 1 
FLODG -1.17 (J. E. Sparks) 

 

 

Question: 17. Please provide the percentage of eligible residential customers served 

by the Low-Income Self-Sufficiency Plan (LSP), Residential Income 

Assistance (RIA) credit, and Low- Income Assistance (LIA) credit, 

respectively, for the years of 2020, 2021, 2022, and 2023?  

 

Answer: It is not feasible to provide the percentage of eligible residential customers for 

LSP, RIA, and LIA due to several factors. These include the complexity of 

determining eligibility criteria, changes in program participation and 

enrollment, limited customer information, and cross participation. 

 

 

 

Attachment: None. 
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MPSC Case No: U-21291 

Requester: FLO 

Question No.: FLODG-2.1 

Respondent: J. E. Sparks 

Page: 1 of 1 
FLODG -2.1 (J. E. Sparks) 

 

 

Question: Witness Sparks provided the Company’s monthly low-income assistance 

(LIA) credit customer count for the years 2020–2022. See Sparks Direct at 15 

tbl.4. Please provide the monthly breakdown of the number of customers who 

received the LIA credit in 2023.  

 

Answer:  
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Cust 
Count 

           
39,052  

           
33,964  

           
42,341  

           
34,764  

           
40,788  

           
38,796  

           
36,662  

           
41,345  

           
39,481  

           
38,710  

           
34,973  

           
35,562  

             

 

 

 

 

Attachment: None 
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Low-Income Programs

We understand the importance of energy in your life, and our goal is to keep your services turned

on. Throughout the year, we work with government agencies and community organizations to offer

payment assistance to income-qualified residents.

If you are behind on your energy bill, we will work with you to discuss payment plan options or

direct you to energy assistance agencies in your area. For more information, contact us at (800)

477-4747.

How to Apply

This video describes which documents and information you will need to provide when applying for

energy assistance.

Federal Poverty Guidelines

To receive specific types of energy assistance, we allow your income to be at or above a certain

percentage of the Federal Poverty Guidelines.

Number of Household Members
2023-2024

Federal Poverty Guidelines

1 $14,580

2 $19,720

3 $24,860

4 $30,000

5 $35,140

6 $40,280

7 $45,420

8 $50,560

Add $5,140 for each additional household member.

5/4/24, 11:40 AM Low-Income Programs | DTE Energy

https://www.dteenergy.com/us/en/business/billing-and-payments/energy-assistance/low-income-programs.html 1/4
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https://www.dteenergy.com/us/en/business/billing-and-payments/energy-assistance/energy-assistance-agencies.html
https://www.dteenergy.com/us/en/business/billing-and-payments/energy-assistance/energy-assistance-agencies.html
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tel:8004774747
https://www.youtube.com/embed/qmLC-dh1c1A?enablejsapi=1&autoplay=1&rel=0&cc_load_policy=0
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https://www.federalregister.gov/documents/2021/02/01/2021-01969/annual-update-of-the-hhs-poverty-guidelines
https://www.federalregister.gov/documents/2021/02/01/2021-01969/annual-update-of-the-hhs-poverty-guidelines


Source: 

https://www.acf.hhs.gov/sites/default/files/documents/ocs/COMM_LIHEAP_FY24FPGUpdateIM_

FFY2024.pdf

Income Eligibility

Based on your income, you could qualify for energy assistance or a payment plan to help pay your

past-due balance or current bill.

Within the table below, determine the number of members in your household and then your

monthly or yearly income. Then decide if you might qualify for a specific type of energy assistance

or payment plan.

Type of Energy

Assistance

Home Heating

Credit

SER

LSP

THAW

MCA

Salvation Army

RIA Credit

Shutoff

Protection Plan

Number of

Household

Members

Annual Income Monthly Income Monthly Income

1 $16,038 $1,823 $2,430

2 $21,692 $2,465 $3,287

3 $27,346 $3,108 $4,143

4 $33,000 $3,750 $5,000

5 $38,654 $4,393 $5,857

6 $44,308 $5,035 $6,713

7 $49,962 $5,678 $7,570

8 $55,616 $6,320 $8,427

For each

additional person

add

$5,654 $643 $857

1

2

3

4

5/4/24, 11:40 AM Low-Income Programs | DTE Energy

https://www.dteenergy.com/us/en/business/billing-and-payments/energy-assistance/low-income-programs.html 2/4
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State Emergency Relief

Low-Income Self-Sufficiency Plan

The Heat and Warmth Fund

Michigan Community Action

Some non-profit agencies may provide assistance to households with a higher income level than

listed above. Contact the specific agency for details.

You can also call United Way of Southeastern Michigan at 211 or (844) 211-4994 or United Way of

Jackson County at (517) 741-0202.

Affordable Connectivity Program (ACP)

Earned Income Credit

Energy Efficiency Assistance Program

Federal – Earned Income Tax Credit

The Heat and Warmth Fund

Home Heating Credit

Lifeline

Michigan 2-1-1

Michigan Community Action

Michigan Homeowner Assistance Fund (MIHAF)

Michigan Veterans Trust Fund Emergency Grant Program

Residential Income Assistance Credit

The Salvation Army

1

2

3

4

5/4/24, 11:40 AM Low-Income Programs | DTE Energy
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https://unitedwaysem.org/get-help/community-resources/utility-assistance/
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State Emergency Relief Program

Wayne County – Foreclosure Prevention

5/4/24, 11:40 AM Low-Income Programs | DTE Energy
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MPSC Case No: U-21291 

Requester: FLO 

Question No.: FLODG-3.4b 

Respondent: J. E. Sparks 

Page: 1 of 1 
FLODG -3.4b (J. E. Sparks) 

 

 

Question: 4. Witness Sparks describes the "Payment Assistance Programs" 

brochure that the Company distributes each year to customers. See Sparks 

Direct at 13. A copy of DTE's 2023-2024 brochure can be found on the 

Company's website (available at https :/ /www.dteenergy.com/ content/ dam/ 

dteenergy/ deg/website/ co1m11on/bil ling-and­pavment/manage-your-

account/bill-inse1is/PaymentAssistancePrograms2023 

2024.pdf).https://www.dteenergy.com/content/dam/dteenergy/deg/website/co

mmon/billing-and-pavment/manage-vour-

account/bill­inserts/PavmentAssistancePrograms2023 2024.pdf). 

b. Is it correct that the LIA credit is not listed in the 2023-2024 brochure as an 

option? If so, why was the LIA credit not included?  

 

Answer: Unlike the Residential Income Assistance Credit (RIA), The LIA credit is 

available to a capped number of low income customers at or below 150% 

FPL, so it is not listed in the brochure nor on the website. 

 

 

 

Attachment: None 
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MPSC Case No: U-21291 

Requester: FLO 

Question No.: FLODG-3.4c 

Respondent: J. E. Sparks 

Page: 1 of 1 
FLODG -3.4 c (J. E. Sparks) 

 

 

Question: 4. Witness Sparks describes the "Payment Assistance Programs" 

brochure that the Company distributes each year to customers. See Sparks 

Direct at 13. A copy of DTE's 2023-2024 brochure can be found on the 

Company's website (available at https :/ /www.dteenergy.com/ content/ dam/ 

dteenergy/ deg/website/ co1m11on/bil ling-and­pavment/manage-your-

account/bill- inse1is/PaymentAssistancePrograms2023 2024.pdf). 

https://www.dteenergy.com/content/dam/dteenergy/deg/website/common/billi

ng-and-pavment/manage-vour-

account/bill­inserts/PavmentAssistancePrograms2023 2024.pdf). 

c. On the Company's "Low-Income Programs" website (available at https :/ 

/www.dteenergy.com/us/ en/residential/billing-and-payments/ 

energy­assistance/1 ow-income-programs.html), is it correct that the LIA 

credit is not listed as an option? If so, why was the LIA credit not included?  

 

Answer: See response to FLODG-3.4b 

 

 

 

Attachment: None 
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Michigan Public Service Commission Case No: U-21291
DTE Gas Company Audit Request FLODG-3.6a
LIA Splits Witness J.E. Sparks

Page 1 of 1

Year Credit Type Total CA Year Credit Type LSP_nonLSP Total CA
2020 LIA_GAS 42,221   2020 LIA_GAS LSP 14,285    34%
2021 LIA_GAS 44,435   2020 LIA_GAS nonLSP 27,936    
2022 LIA_GAS 45,638   Total 42,221    
2023 LIA_GAS 44,790   

2021 LIA_GAS LSP 18,489    42%
2021 LIA_GAS nonLSP 25,946    

Total 44,435    

2022 LIA_GAS LSP 19,239    42%
2022 LIA_GAS nonLSP 26,399    

Total 45,638    

2023 LIA_GAS LSP 17,740    40%
2023 LIA_GAS nonLSP 27,050    

Total 44,790    
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MPSC Case No: U-21291 

Requester: FLO 

Question No.: FLODG-3.1a 

Respondent: J. E. Sparks 

Page: 1 of 1 
FLODG -3.1a (J. E. Sparks) 

 

 

Question: 1. The Company proposes to offer Low-Income Assistance (LIA) credits 

of $40 to certain eligible low-income customers, as described by Witness 

Sparks. See Sparks Dire.ct at 14, 17. 

a. Does the Company apply the Low-Income Assistance (LIA) credit to the entire 

gas bill of art enrolled LIA customer, including, for example, the calculated 

Infrastructure Recovery Mechanism (IRM) surcharge?  

 

Answer: The LIA credit is applied to the entire bill. 

 

 

 

Attachment: None 
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MPSC Case No: U-21291 

Requester: FLO 

Question No.: FLODG-3.1b 

Respondent: J. E. Sparks 

Page: 1 of 1 
FLODG -3.1b (J. E. Sparks) 

 

 

Question: 1. The Company proposes to offer Low-Income Assistance (LIA) credits 

of $40 to certain eligible low-income customers, as described by Witness 

Sparks. See Sparks Dire.ct at 14, 17. 

b. If the answer to question 1a is yes, please describe whether the LIA credit is 

rolled over to a customer's future bill if the customer's current bill does not 

exceed the LIA credit amount. If the answer to question 1a is no, to which part 

of the bill does the LIA credit apply?  

 

Answer: If the LIA credit applied is more than the bill amount, then a credit balance is 

created on the account. 

 

 

 

Attachment: None 
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MPSC Case No: U-21291 

Requester: FLO 

Question No.: FLODG-3.2 

Respondent: T. J. Krysinski 

Page: 1 of 1 
FLODG -3.2 (T. J. Krysinski) 

 

 

Question: 2. The Company proposes to offer Residential Income Assistance (RIA) 

credits of $17.60 to certain eligible low-income customers, as described by 

Witness Sparks. See Sparks Direct at 12-14, The RIA is intended to credit 

customers for DTE's proposed "monthly customer charge" of $17.60. Id. at 

12; see also Decker Direct at 67. Does the Company calculate the IRM 

surcharge as part of the monthly customer charge, or is the IRM surcharge a 

separate charge?  

 

Answer: The monthly customer charge and IRM surcharge are separate. 

 

 

 

Attachment: None 
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MPSC Case No: U-21291 

Requester: FLO 

Question No.: FLODG-2.6a 

Respondent: J. E. Sparks 

Page: 1 of 1 
FLODG -2.6a (J. E. Sparks) 

 

 

Question: 6. The Company offered a two-year Payment Stability Plan (PSP) pilot to 

customers at or below 200% of the federal poverty line. Sparks Direct at 11. 

a. How many customers enrolled in PSP for each quarter between 2022 Q1 and 

2023 Q4 for each of the following categories of customers: gas, electric, 

combo gas-electric? 

  

 

Answer: The PSP pilot enrolled customers in Q1 and Q2 of 2022.  

 2022 Q1 2022 Q2 

Elec Only 403 347 

Gas Only 86 66 

Combo 635 686 

Customer Count 1,124 1,099 

 

 

 

 

Attachment: None 
 

U-21291 
Ex.FLO-233 
Page 1 of 1



 

  

 

MPSC Case No: U-21291 

Requester: FLO 

Question No.: FLODG-1.19 

Respondent: J. E. Sparks 

Page: 1 of 1 
FLODG -1.19 (J. E. Sparks) 

 

 

Question: 19. The Company states it is continuing to evaluate the PSP pilot with the 

Energy Affordability and Accessibility Collaborative, which “will enable a well-

informed recommendation for a sustainable payment plan tailored to meet the 

needs of our most vulnerable customers.” Sparks Direct at 12. When does 

DTE anticipate making such a recommendation?  

 

Answer: The Company anticipates providing recommendations regarding the PSP pilot 

by December 31, 2024 

 

 

 

Attachment:  None 
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MPSC Case No: U-21291 

Requester: FLO 

Question No.: FLODG-3.3a 

Respondent: J. E. Sparks 

Page: 1 of 1 
FLODG -3.3a (J. E. Sparks) 

 

 

Question: 3. The Company states that the next steps in evaluating its PSP pilot 

"involve organizing collaborative meetings with essential stakeholders, 

including the Energy Affordability and Accessibility Collaborative (EAAC) 

subcommittees, partner utilities, and community agencies." Sparks Direct at 

12. 

a. Has DTE begun organizing collaborative meetings with the EAAC on the 

PSP's data and future? If so, when did these meetings take place? If not, by 

when does DTE project those meetings will begin taking place?  

 

Answer: No formal meetings have been scheduled as of the date of this request. DTE 

anticipates that meetings will be scheduled before December 31,2024. 

 

 

 

Attachment: None 
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MPSC Case No: U-21291 

Requester: FLO 

Question No.: FLODG-3.3b 

Respondent: J. E. Sparks 

Page: 1 of 1 
FLODG -3.3b (J. E. Sparks) 

 

 

Question: 3. The Company states that the next steps in evaluating its PSP pilot 

"involve organizing collaborative meetings with essential stakeholders, 

including the Energy Affordability and Accessibility Collaborative (EAAC) 

subcommittees, partner utilities, and community agencies." Sparks Direct at 

12. 

b. Has DTE begun organizing collaborative meetings with community agencies 

on the PSP' s data and future? If so, when did these meetings take place? If 

not, by when does DTE project those meetings will begin taking place?  

 

Answer: No collaborative meetings have been scheduled as of the date of this request. 

No future dates have been discussed at this time. DTE anticipates that 

meetings will be scheduled before December 31, 2024. 

 

 

 

Attachment: None 
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MPSC Case No: U-21291 
Requester: FLO 

 

Question No.: FLODG-7.1b 
Respondent: M. J. Hatsios 
Page: 1 of 1 

Question: For the purposes of this question, a "customer service representative" refers 
to any person, employed by either DTE directly or through a 3rd party 
contractor, that answers customers' questions, comments, complaints, or 
other discrete feedback related to an issue with their utility, and does so via 
phone, live chat, email, mail, or other similar communication. A "contractor" 
refers to any entity that is not DTE that provides goods or services to DTE. A 
"script" refers to any document(s) containing pre-written responses that are 
provided to customer service representatives to guide their responses to 
customer questions, comments, or other input. 
a. Does DTE analyze, track, and/or review the wait time for customers to 
speak to a customer service representative? If so, please provide all 
information collected by DTE relating to customer wait times in the past 5 
years, as well as any analysis conducted by DTE relating to customer wait 
times. 

 
 

Answer: The Company measures the MPSC Average Speed of Answer (ASA) metric 
which is the time a call is transferred by the IVR and enters the queue to the 
time the call is answered by a customer service representative. The MPSC 
mandates that Year-to-date (YTD) ASA to be less than or equal to 90 
seconds. 

 
 2019 2020 2021 2022 2023 2024-Mar YTD 
MPSC Year-to 
Date (YTD) 
ASA (seconds) 

62 49 52 27 64 38 

 
 
 

Attachment: None. 
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What is Average Speed of Answer? Strategies and Calculation

Call Center Studio

01/05/2024

Customer service is a quick-paced business. That’s why Average Speed of Answer (ASA) matters so much. It shows how
fast call centers pick up when people ring. ASA impacts how happy customers feel and hints at how well places run. This
piece by Call Center Studio is about ASA. It will include talk numbers, standards, and ways to improve. It’ll also hit how
tech boosts experiences for folks calling for help.
 
ASA isn’t just about stats. It shapes how customers view companies. Quick answer times keep folks happy. Slow
responses do the opposite. Using cloud call center software, call centers stay on top of ASA. Solid ASAs also mean
smooth operations behind the scenes. So managers take note to catch problems early.
 
We will break down how to calculate ASA. We’ll look at industry benchmarks too. Lastly, we will share methods to bring
ASAs down. Tech plays a role in speeding response times. But good practices matter too. Applying both is how call
centers can ace their service games. The goal is to wow callers each time the phone rings.
 

Understanding ASA: What is Average Speed of Answer?
Average Speed of Answer, or ASA, measures how quickly your customer service folks pick up the phone. It starts ticking
when the call enters the waiting line. It stops when an actual human answers. So it shows how long customers have to
hang around before getting help.
 
A good ASA means your team responds to issues fast. A bad one means callers get frustrated. Because they spend too
much time on hold. So paying attention to it matters if you want customers to feel like you value their time. Slow ASA
tends to push people to take their business elsewhere.
 

Table of Contents
1. Understanding ASA: What is Average Speed of Answer?
2. What is the industry benchmark for average speed of response?
3. Measurement and Calculation of ASA
4. Impact of Average Speed ​​of Answer on Customer Experience
5. Strategies to Improve ASA
6. Best Practices and Case Studies Related to ASA

 (https://callcenterstudio.com)
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What is the industry benchmark for average speed of response?
Industry targets for average answer speed (ASA) differ a lot between industries. It depends on stuff like how many calls
you get. Or how complex the questions are, and how many people you’ve got answering phones. Usually somewhere
from 20-30 seconds is decent for a customer service place. But companies seek to get that number lower so people
don’t have to wait too long. Picking up the phone quicker makes customers happier overall.

Measurement and Calculation of ASA
Calculating the Average Speed of Answer (ASA) is pretty straightforward. Take the full amount of time customers waited
on hold for their calls to be picked up. And divide that by the number of calls answered over a certain period. It gives
cloud contact centers a clear metric to see how fast they’re responding to calls. So, they can figure out if changes are
needed in staffing or call routing.
 

Impact of Average Speed ​​of Answer on Customer Experience
The longer customers wait, the more ticked off they get. Who likes sitting around staring at the clock while canned-hold
music plays? Swift answers keep the customers satisfied. And happy customers come back and tell their friends about
your excellent service.
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Strategies to Improve ASA
Improving call center service needs by looking at a couple of key areas. They include getting the right number of people
and sending calls to the right teams. Centers can put in a phone menu system that walks customers through options.
This can help them take care of some calls without needing an agent to talk to the customer. This gets more done with
the same number of people. For more on leveraging IVR systems, visit Call Center Studio’s IVR page
(https://callcenterstudio.com/ivr/).
 

Best Practices and Case Studies Related to ASA
Improving call center efficiency is an ongoing process. Companies would benefit from keeping close tabs on busy
calling periods. This way, they can schedule adequate staffing. Aided by Call Call Center Studio, Call centers can offer
self-service features. These can be automated menus or FAQ web pages. This can reduce wait times. Regularly coaching
employees on best practices optimize their ability to resolve issues quickly. Advanced analytics using AI might help
predict future call volumes, too. Tweaking approaches based on performance data assist with bolstering operations over
time. There’s always room for progress when interacting with customers via cloud call center software.
 
There are really interesting examples of companies working to improve the speed at which they respond to calls. Blue
Cross Blue Shield of Massachusetts (https://www.sqmgroup.com/resources/library/cx-best-practices) did some smart
things. They measured how often they resolve issues on the first call. By focusing there, they made their service way
better even as call volumes went up. And they didn’t even need to hire more people.
 
Another neat case is how the Mayo Clinic (https://pubmed.ncbi.nlm.nih.gov/24422261/) made changes to help reduce
wait times. They used simulation and optimization methods. The results were huge. They sped up response times by
70%. And this was while appointments requested were up 12%! It just goes to show that rethinking processes can lead
to way faster service. (https://callcenterstudio.com/performance-management/)
 

Recent Posts

Best in Class Meaning in Customer Service (https://callcenterstudio.com/blog/best-in-class-meaning-in-customer-
service/)
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What Is Call Line Identity(CLI)? (https://callcenterstudio.com/blog/what-is-call-line-identitycli/)

What is Click2Connect? Advantages of Click2Connect (https://callcenterstudio.com/blog/what-is-click2connect-
advantages-of-click2connect/)

(https://callcenterstudio.com/blog/what-is-call-line-identitycli/)

(https://callcenterstudio.com/blog/what-is-click2connect-advantages-of-click2connect/)
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Michigan Energy Assistance Program 

Frequently Asked Questions 
 

Q. What is the Michigan Energy Assistance Program? 

A. On March 28, 2013 Public Act 615 of the Michigan Public Acts of 2012 was enacted creating the 

Michigan Energy Assistance Act that requires the Michigan Department of Human Services (DHS) to 

establish and administer the Michigan Energy Assistance Program (MEAP).  The purpose of the MEAP is 

to establish and administer programs statewide that provide energy assistance to eligible low-income 

households.  Energy assistance programs must include services that enable participants to become or 

move toward becoming self-sufficient, including assisting participants in paying their energy bills on 

time, assisting participants in budgeting for and contributing to their ability to provide for energy 

expenses, and assisting participants in utilizing energy services to optimize on energy efficiency. 

 On July 1, 2013 Public Act 95 of the Michigan Public Acts of 2013 was enacted creating the Low-Income 

Energy Assistance Fund (LIEAF) charging the Michigan Department of Human Services with expending 

money from the fund as provided by the Michigan Energy Assistance Act.  The Act allows the Michigan 

Public Service Commission (MPSC) to annually approve a low-income energy assistance funding factor, 

not to exceed $50,000,000, to support the LIEAF.  

 On July 29, 2013, in Case No. U-17377, the MPSC adopted a funding factor of 99 cents per meter per 

month for all Michigan electric utilities that have opted to participate in the funding of the LIEAF, 

effective for the September 2013 billing month. 

Q. What is the DHS State Emergency Relief (SER) Program? 

 

A. The State Emergency Relief (SER) Program provides immediate help to individuals and families facing 

conditions of extreme hardship or for emergencies that threaten health and safety. Through a combination 

of direct financial assistance and contracts with a network of non-profit organizations SER helps 

low-income households meet emergency needs such as:  

 

 Heat & Utilities   

 Home Repairs   

 Relocation Assistance   

 Home Ownership Services   

 Burial    

 The SER program is primarily designed to maintain low-income households who are normally able to 

meet their needs but occasionally need help when unexpected emergency situations arise. The SER 

program is not an appropriate solution to ongoing or chronic financial difficulties. 

Q. What is the difference between SER and MEAP? 

A. SER is supported by federal LIHEAP (Low-Income Home Energy Assistance Program) funds.  The SER 

funds administered by DHS are intended to avoid emergency situations (i.e., loss of a utility connection 

posing a risk to health and safety).  Under DHS policy, SER funds are only available when there has been 

a shut off or threat of a shut off.  DHS policy provides as follows:  “When the group’s heat or electric 

service for their current residence is in past due status, in threat of shut off or is already shut off and must 

be restored, payment may be authorized to the enrolled provider.  The amount of the payment is the 

minimum necessary to prevent shut off or restore service, not to exceed the fiscal year cap.  Payment must 
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resolve the emergency by restoring or continuing the service for at least 30 calendar days.  Current bills 

that are not subject to shut off should not be included in the amount needed.”   

 To be eligible to receive SER benefits an individual must be at or below 150% of the federal poverty 

level, and be in threat of having his/her power shut off or loss of utility connection due to shut off.  The 

SER cap per household is $450 each for natural gas and non-heat electric service.   

 

 MEAP is supported by a combination of LIEAF and LIHEAP funds.  MEAP funds are intended for 

preventative programs designed to help low-income customers reach energy self-sufficiency.  These 

funds are subject to the limitations set forth in 2012 PA 615.  To be eligible to receive assistance from a 

MEAP provider an individual must be at or below 150% of federal poverty level, and must have a past 

due notice an energy bill for his or her household.  The amount of energy assistance available per 

household varies from one MEAP provider to another. 

 
Q. How does a low-income household apply for or gain access to MEAP assistance? 

 

A. Below is a list of MEAP providers; click on the organization name for additional information.   

Low-income households can also contact United Way 2-1-1 for information regarding MEAP providers 

in their county.   

 

 Barry County United Way 
 Consumers Energy Company 
 DHS – Bureau of Community Action and Economic Opportunity 

 Downriver Community Conference 

 DTE Energy 

 Flat River Outreach Ministries, Inc.  

 Lighthouse Emergency Services 

 Michigan Community Action Agency Association 

 SEMCO ENERGY Gas Company 

 Society of St. Vincent de Paul of the Archdiocese of Detroit 

 Superior Watershed Partnership 

 The Heat and Warmth Fund 

 The Salvation Army 

 TrueNorth Community Services 

 

Q. What is the “crisis season,” what is the “heating season,” and when are customers of opt-out 

utilities protected from shut off? 

 

A. The “crisis season” is the period from November 1 through May 31.  State law requires that 70% of 

MEAP grant funds must be spent during that time. 

 

 The “heating season” is the period from November 1 through March 31.  The MPSC rules and state law 

require all regulated natural gas and electric companies, municipally owned utilities and some electric 

cooperatives to provide shutoff protection for senior citizens and low-income customers who are enrolled 

and meeting the requirements of a Winter Protection Program. 

 

 From November 1 through April 15 residential customers of electric utilities, municipally owned electric 

utilities, or cooperative electric utilities that elected to not collect a low-income energy assistance funding 

factor are protected from shut off. 

 

U-21291 
Ex.FLO-238 

Page 2 of 10

http://www.uwmich.org/2-1-1
http://www.uwmich.org/2-1-1
http://www.michigan.gov/documents/mpsc/Barry_Co__UW_MEAP_Grant_Fact_Sheet_440882_7.pdf
http://www.michigan.gov/documents/mpsc/Barry_Co__UW_MEAP_Grant_Fact_Sheet_440882_7.pdf
http://www.michigan.gov/documents/mpsc/Consumers_Energy_MEAP_Grant_Fact_Sheet_440885_7.pdf
http://www.michigan.gov/documents/mpsc/Consumers_Energy_MEAP_Grant_Fact_Sheet_440885_7.pdf
http://www.michigan.gov/documents/mpsc/DHS-BCAEO_MEAP_Grant_Fact_Sheet_440887_7.pdf
http://www.michigan.gov/documents/mpsc/DHS-BCAEO_MEAP_Grant_Fact_Sheet_440887_7.pdf
http://www.michigan.gov/documents/mpsc/Downriver_MEAP_Grant_Fact_Sheet_440888_7.pdf
http://www.michigan.gov/documents/mpsc/Downriver_MEAP_Grant_Fact_Sheet_440888_7.pdf
http://www.michigan.gov/documents/mpsc/DTE_MEAP_Grant_Fact_Sheet_440890_7.pdf
http://www.michigan.gov/documents/mpsc/DTE_MEAP_Grant_Fact_Sheet_440890_7.pdf
http://www.michigan.gov/documents/mpsc/Flat_River_MEAP_Grant_Fact_Sheet_440892_7.pdf
http://www.michigan.gov/documents/mpsc/Flat_River_MEAP_Grant_Fact_Sheet_440892_7.pdf
http://www.michigan.gov/documents/mpsc/Lighthouse_MEAP_Grant_Fact_Sheet_440893_7.pdf
http://www.michigan.gov/documents/mpsc/Lighthouse_MEAP_Grant_Fact_Sheet_440893_7.pdf
http://www.michigan.gov/documents/mpsc/MCAAA_MEAP_Grant_Fact_Sheet_440895_7.pdf
http://www.michigan.gov/documents/mpsc/MCAAA_MEAP_Grant_Fact_Sheet_440895_7.pdf
http://www.michigan.gov/documents/mpsc/SEMCO_MEAP_Grant_Fact_Sheet_440896_7.pdf
http://www.michigan.gov/documents/mpsc/SEMCO_MEAP_Grant_Fact_Sheet_440896_7.pdf
http://www.michigan.gov/documents/mpsc/SVdP_MEAP_Grant_Fact_Sheet_440897_7.pdf
http://www.michigan.gov/documents/mpsc/SVdP_MEAP_Grant_Fact_Sheet_440897_7.pdf
http://www.michigan.gov/documents/mpsc/Superior_Watershed_MEAP_Grant_Fact_Sheet_440898_7.pdf
http://www.michigan.gov/documents/mpsc/Superior_Watershed_MEAP_Grant_Fact_Sheet_440898_7.pdf
http://www.michigan.gov/documents/mpsc/THAW_MEAP_Grant_Fact_Sheet_440899_7.pdf
http://www.michigan.gov/documents/mpsc/THAW_MEAP_Grant_Fact_Sheet_440899_7.pdf
http://www.michigan.gov/documents/mpsc/Salvation_Army_MEAP_Grant_Fact_Sheet_440901_7.pdf
http://www.michigan.gov/documents/mpsc/Salvation_Army_MEAP_Grant_Fact_Sheet_440901_7.pdf
http://www.michigan.gov/documents/mpsc/TrueNorth_MEAP_Grant_Fact_Sheet_440902_7.pdf
http://www.michigan.gov/documents/mpsc/TrueNorth_MEAP_Grant_Fact_Sheet_440902_7.pdf


 
3 

 
  
Q. Is a DHS decision letter required before a low-income household can seek energy assistance from a 

MEAP provider? 

 

A. No, that is a benefit of MEAP; a decision letter from DHS is NOT required.  

 
Q. Are low-income households required to seek energy assistance services from SER prior to seeking 

energy assistance from a MEAP provider? 

 

A. No.  In the past low-income households were required to seek SER assistance prior to seeking energy 

assistance from other agencies.   

 

 With the creation of the MEAP, low-income households are encouraged to first seek energy assistance 

from MEAP providers and continue working with one MEAP provider through the heating season. 

 

Q. Can a low-income household receive SER benefits and subsequent MEAP energy assistance? 

 

A. MEAP providers may assist DHS customers who have received SER benefits at their discretion and 

according to their program requirements.   

 

 There are instances where the DHS-established SER cap for fiscal year 2014 may not resolve the 

emergency; in these cases the low-income household would be referred to a MEAP provider if additional 

assistance is needed.   

 

 Low-income households enrolled in Consumers Energy’s CARE program cannot apply for SER energy 

benefits from DHS for their Consumers Energy bill until November 1, 2014; and likewise if a CARE 

participant is removed from the CARE program for non-payment he/she cannot apply for SER energy 

benefits until November 1, 2014.  

 Low-income households enrolled in DTE’s LSP program that are struggling to make payments or that 

have been terminated from the LSP program may not be eligible for fiscal year 2014 SER benefits.  

However, they could be eligible for assistance from other MEAP agencies if an agency determines 

extenuating circumstances or hardship. 

  

 If a low-income household needs additional SER support after seeking assistance from a MEAP energy 

assistance provider, efforts to access those funds should be coordinated between the MEAP agency, DHS 

and the client.  

  

 It is anticipated that if a household works first with a MEAP service provider, the household will continue 

working with that agency for any energy assistance needed during the 2014 heating season. 

 

The ultimate goal is that one MEAP service provider will resolve a low-income household’s energy crisis 

in full resulting in a convenient, customer-friendly system for distributing energy assistance to eligible 

low-income households.  

 

Q. Is there a cap on the dollar amount of MEAP assistance a low-income household can receive? 

 

A. 2012 PA 615 does not impose a cap on the dollar amount of energy assistance available to an eligible 

low-income household.  The dollar amount of energy assistance available per household varies from one 

MEAP provider to another.  
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Q. Can a low-income household be assisted more than one time during the crisis season? 

 

A. The number of times a low-income household can be assisted during the crisis season varies from one 

MEAP provider to another. 

 

Q. Can a low-income household be assisted with an electric crisis whose home is not heated with 

electricity? 

 

A. Yes, the intent of the grant is to provide energy assistance program services that will help eligible 

low-income households meet home energy costs for their primary residence through payment or partial 

payment of bills for one or more of the following:  1) electricity; 2) natural gas; 3) propane; 4) heating oil; 

or 5) any other deliverable fuel used to provide heat.  

 

Q. If a low-income household fails to complete a MEAP provider’s program, would the household be 

eligible for the Winter Protection Program? 

 

A. Enrollment in a MEAP provider’s program or failure to complete a program does not preclude a 

low-income household from enrolling in a Winter Protection Program.   

 

Q. Are low-income customers limited to receiving assistance from a certain number of agencies, 

including not-for-profit and DHS, during the heating season?  

  

A. Low-income households are not required to seek energy assistance services from SER prior to seeking 

energy assistance from a MEAP energy provider. 

 

 It is anticipated that eligible low-income households will work with a single MEAP provider throughout 

the entire heating season.  This will enable the MEAP provider to identify the needs of the household and 

work with the household to provide energy assistance and other wrap around services, as needed.  

 

Q. Are low-income households limited to receiving assistance from two agencies only, e.g., if a 

low-income household receives SER assistance and the cap is met, can the low-income household 

seek help from only one other agency? 

  

A. The MEAP does not include a specific policy stating that a household may or may not work with more 

than one MEAP provider.  

 

 There are instances where the DHS-established SER cap for fiscal year 2014 may not resolve the 

emergency; in these cases the low-income household would be referred to a MEAP provider if additional 

assistance is needed.   

 

 Low-income households enrolled in Consumers Energy’s CARE program cannot apply for SER energy 

benefits from DHS for their Consumers Energy bill until November 1, 2014; and likewise if a CARE 

participant is removed from the CARE program for non-payment he/she cannot apply for SER energy 

benefits until November 1, 2014.  

 Low-income households enrolled in DTE’s LSP program that are struggling to make payments or that 

have been terminated from the LSP program may not be eligible for fiscal year 2014 SER benefits.  

However, they could be eligible for assistance from other MEAP agencies if an agency determines 

extenuating circumstances or hardship. 
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 If a low-income household needs additional SER support after seeking assistance from a MEAP energy 

assistance provider, efforts to access those funds should be coordinated between the MEAP agency, DHS 

and the client.  

  

 It is anticipated that if a household works first with a MEAP service provider, the household will continue 

working with that agency for any energy assistance needed during the 2014 heating season.   

 

The ultimate goal is that one MEAP service provider will resolve a low-income household’s energy crisis 

in full resulting in a convenient, customer-friendly system for distributing energy assistance to eligible 

low-income households.  

 

Q. Are customers who are served by opt-out utilities eligible to receive SER assistance? 

 

A. The SER funds administered by DHS are intended to avoid emergency situations (i.e., the loss of a utility 

connection posing a risk to health and safety).  Under DHS policy, these funds are only available when 

there has been a shut off or the threat of a shut off, except in special cases involving health and safety 

concerns.  DHS policy applicable to SER (ERM 301) provides in pertinent part: 

 

“When the group's heat or electric service for their current residence is in past due status, in threat of shut 

off or is already shut off and must be restored, payment may be authorized to the enrolled provider. The 

amount of the payment is the minimum necessary to prevent shut off or restore service, not to exceed the 

fiscal year cap.  Payment must resolve the emergency by restoring or continuing the service for at least 30 

calendar days.  Current bills that are not subject to shut off should not be included in the amount needed.” 

 

In some situations, a customer with a past due notice may be in threat of shut off, but that would not be 

the case if the provider is legally precluded from disconnecting the customer.  Accordingly, DHS does not 

provide emergency relief in these situations.  Rather, a customer in that situation would be advised to seek 

assistance from the MEAP funds.  This is not a new policy. What is new is the number of providers who 

are legally precluded from shutting off customers during the winter months.  In past years, a provider on 

the Wisconsin-Michigan border was under the same restriction and DHS did not provide SER during the 

time period when disconnection was not possible.  

 

If the MEAP funds are properly utilized as preventative measures, then DHS should not be “swamped” 

with SER requests in April, and providers will not have to wait until April, or shut off customers, in order 

to obtain payment. 

 

Q. Are customers who are served by opt-out utilities eligible to receive MEAP assistance?  

 

A. Low-income customers of opt-out utilities are eligible to receive MEAP assistance.  It does not matter if 

the utility is participating or opting out of the LIEAF funding factor, all utility customers are eligible to 

receive assistance through the MEAP grants as long as they meet the eligibility criteria.  An electric 

utility, municipally owned electric utility, or cooperative electric utility that elects to not collect a low-

income energy assistance funding factor under this section shall not shut off service to any residential 

customer from November 1 to April 15 for nonpayment of a delinquent account. 

 

Q. Is the dollar amount of assistance ultimately available to a low-income customer the same 

regardless of whether or not he/she is a customer of an opt-out utility? 

 

A. The dollar amount of energy assistance available to eligible low-income households is the same 

regardless of whether or not the household is a customer of an opt-in or opt-out utility.   
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 The MEAP requires that any payment made on behalf of an energy customer must resolve the 

crisis/emergency for at least 30 days.   

 

The MEAP does not impose a cap on the dollar amount of energy assistance that can be provided to a 

low-income household, and does not impose a cap on the number of times a payment can be made on 

behalf of a low-income household.  Individual MEAP providers, based on their specific program, may 

have a cap on the dollar amount of assistance provided or the number of payments that can be made on 

behalf of a household. 

 

Q. Do the local DHS case workers understand the MEAP program and how a low-income customer 

can gain access to MEAP assistance?  

 

A. Information has been distributed to DHS local office staff and management.  They have received the 

MEAP provider fact sheets and other procedural information.  The MEAP provider fact sheets are 

available on the MPSC website at www.michigan.gov/MPSC.  

 

Q. Are DHS case workers advising low income customers of opt-out utilities they are not eligible for 

SER funds but not to worry, the utility cannot disconnect until April 15?     

 

A. The local offices have been provided the list of providers who opted out of the surcharge and have been 

instructed to refer those customers to the participating MEAP providers in their area for help with the 

utility bill prior to April 15th.  Local offices are not telling clients not to worry but telling them to contact 

the MEAP provider in their area for assistance prior to April 15.   

 

Q. Some opt-out utilities have had caseworkers tell them to continue referring low income customers 

to them and they will direct them to possible other agencies. They have been told by other 

caseworkers that they cannot refer these customers to other agencies because in April they will not 

be eligible for DHS funds if they have received funding from other agencies. Which caseworker is 

correct?  

 

A. Customers do not have to seek DHS assistance (or receive a denial for SER), prior to requesting 

assistance from a MEAP provider.  DHS has not released any policy prohibiting a customer from 

receiving MEAP assistance and SER (LIHEAP) assistance.  

 

Q. What are DHS’ plans for dealing with low-income households that come off shut off protection in 

April with large arrearages that apply for SER?  

 

A. It is anticipated that customers will seek assistance from MEAP providers, as needed, and prior to April.  

Energy providers may want to refer customers with large account arrearages to participating MEAP 

providers in their service territory.  From a SER perspective, this is no different than it has been in the 

past for those coming off winter protection or senior protection plans, except with the benefit that MEAP 

funding is available to qualifying households prior to the end of winter protection programs. 

 

Q. Will there be adequate funding? 
 

A. The amount of SER/LIHEAP crisis funds is less than previous years since money was allocated to the 

MEAP program.  
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Q.  Is there information that opt-out utilities should be including in delinquent customers’ utility bills 

that would increase their chances of accessing the SER funds in April?  

 

A. As previously stated, energy providers should advise customers that assistance is currently available 

through MEAP providers. 

 

Q.  How far in advance of the April 16, 2014 date can low-income customers from opt-out utilities go to 

DHS for assistance?  

 

A.  April 1, 2014. 

Q.  DHS normally requires a 10 day hold period to determine eligibility.  When will the 10-day clock 

start for opt-out utilities?  

 

A. The Standard of Promptness for a SER application is 10 days which starts the date DHS receives the 

application.  

  

Q.  Should opt-out utilities advise their low-income customers to contact their DHS caseworker for a 

“denial” before they contact possible other agencies for help?  

 

A. No, that is a benefit of MEAP; a DHS denial is not needed to receive assistance.  

 

Q. Are MEAP providers allowed to exclude Medicare premiums when calculating a low-income 

household’s income? 

 

A. MEAP providers are allowed to deduct Medicare premiums when calculating a low-income household’s 

income for eligibility purposes. 

 

Q. Are MEAP providers allowed to exclude Foster Care payments when calculating a low-income 

household’s income?     

 

A. MEAP providers are allowed to deduct Foster Care payments (made by the State of Michigan) when 

calculating a low-income household’s income for eligibility purposes. 

 

Q. Are MEAP providers allowed to exclude DHS food assistance benefits when calculating a 

low-income household’s income? 

 

A. MEAP providers are allowed to deduct DHS food assistance benefits when calculating a low-income 

household’s income for eligibility purposes. 

 

Q. Can MEAP providers assist eligible low-income individuals that receive and pay their utility bills 

through a third-party utility bill management company?  

 

A. Payment to a third-party billing company is not allowed.  All payments must be in the form of a voucher 

or direct payment to the utility provider, cooperative, or distributor of deliverable fuel.  Specifically, 

MEAP payments to residential landlords, residential management companies, billing service agencies, or 

collection agencies are not allowed. 
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Q. Can MEAP providers use a portion of the funds allowed to be used outside of the crisis season to 

pay for utility bills for services provided to the customer outside of the crisis season, e.g., if a 

low-income customer is unable to pay for utility service provided in the month of July, can they be 

assisted using MEAP funds? 

 

A. The MEAP does not include a specific policy addressing these circumstances; however, 2012 PA 615 

does specifically state that the intent is to assist low-income households with payment of bills for all 

sources of energy used to provide heat.   

 

 The requirement that not more than 30% of the funds received by the MEAP provider shall be spent 

outside of the crisis season means that “actual grant funds spent” after May 31 will count toward the 

30%.  Bills that are paid in November do not count toward the 30% because the grant funds are being 

spent between November 1 and May 31.  However, bills paid in June will count toward the 30% because 

the grant funds are being spent after May 31.   

 

Q. Can MEAP funds be used for cooling assistance? 

 

A. The MEAP does not specifically indicate that funding cannot be used for cooling assistance; however the 

act describes energy assistance as “a program to assist eligible low-income households in meeting their 

home energy costs for their primary residence through payment or partial payment of bills for one or 

more of the following: 

 

(i) Electricity 

(ii) Natural gas 

(iii) Propane 

(iv) Heating oil 

(v)  Any other deliverable fuel used to provide heat.” 

 

Q. If a propane provider fills an eligible low-income household’s heating fuel/propane tank that is over 

25% capacity, can the fill be paid with MEAP funds? 

 

A. MEAP standards for receiving funds do not define the fuel/propane tank capacity level as a determining 

factor for providing assistance.  

 

 2012 PA 615 states if a residential fuel tank is “estimated to contain not more than 25% of its heating fuel 

capacity” (key word being estimated). 

 

 Determining the level of fuel remaining in a propane tanks is not an exact science.  Since the capacity in 

fuel tanks changes based on the weather, there is no real way to determine the fuel capacity accurately 

based on the amount of capacity filled during delivery.   

 

Based on information received from the Michigan Propane Association, a propane company, and other 

sources, the following trends are customary for propane customers: 

 

 In order to accommodate for propane’s tendency to expand as the temperature warms, propane tanks 

are generally filled only to 80% - 85% capacity.  This is standard practice in the propane industry.  A 

MEAP provider may assume from a bill that states 55% of the tank capacity was delivered that the 

tank was at 45% (100% minus 55% equals 45%).  However, 55% delivered plus 25% before the fill 

equals 80% capacity, which is the guideline used by propane companies. 
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 “Will call customers” are asked to schedule delivery when their gauge reaches 30%. 

 

 If the tank runs out there is a $75 charge because lines must be re-pressurized. 

 

 Propane companies generally charge a fee (around $75) when a customer requests same day or next 

day refueling services.   

 

 Generally at least 50% of customers are on automatic fill. 

 

 Budget billing is designed to evenly spread propane costs throughout the year.  Rather than allowing a 

large balance to build up in the colder months when budgets might already be stretched thin. 

 

Q.  What are the TANF eligibility requirements? 

 

A.  TANF eligible clients are low-income households with: 

 

(a) a related child under age 18, 

 

(b) an unemancipated child, age 18 or under, who is a full-time high school student living with an adult 

caretaker; or 

 

(c) a pregnant woman living in the home. 

 

Q. What utilities opted out of the LIEAF funding factor? 

 

A. The following utilities opted out: 

 

 Alpena Power Company 

 Bayfield Electric Cooperative  

 Charlevoix, City of 

 Cloverland Electric Cooperative 

 Coldwater Board of Public Utilities 

 Croswell Municipal Light & Power Department 

 Crystal Falls, City of 

 Daggett Electric Department 

 Detroit Public Lighting Department 

 Dowagiac, City of 

 Eaton Rapids, City of 

 Escanaba, City of 

 Gladstone, City of 

 Grand Haven Board of Light and Power 

 Great Lakes Energy Cooperative 

 Harbor Springs, City of  

 Hart Hydro, City of 

 Holland Board of Public Works 

 HomeWorks Tri-County Electric Cooperative 

 L’Anse, Village of 

 Lansing Board of Water & Light 
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 Marquette Board of Light and Power 

 Ontonagon Co. Rural Electrification Association 

 Paw Paw, City of 

 Portland, City of 

 Sebewaing, City of 

 South Haven, City of 

 Stephenson, City of 

 Sturgis, City of 

 Traverse City Light & Power 

 Upper Peninsula Power Company 

 Wakefield, City of 

 Wisconsin Public Service Corporation 

 Wisconsin-Electric Power Company d/b/a/ We Energies 

 Wyandotte Department of Municipal Service 

 Zeeland Board of Public Works 

 

Q. What utilities are participating in the LIEAF funding factor? 

 

A. The following utilities are participating: 

 

 Alger-Delta Cooperative Electric Association 

 Baraga, Village of 

 Bay City, City of 

 Chelsea Department of Electric and Water 

 Cherryland Electric Cooperative 

 Clinton, Village of 

 Consumers Energy Company 

 DTE Electric Co. f/k/a Detroit Edison Company 

 Hillsdale Board of Public Utilities 

 Indiana Michigan Power Company 

 Lowell Light and Power 

 Marshall Electric Department 

 Midwest Energy Cooperative 

 Negaunee Department of Public Works 

 Newberry Water and Light Board  

 Niles Utility Department 

 Northern States Power Company-Wisconsin 

 Norway, City of 

 Petoskey, City of 

 Presque Isle Electric and Gas Co-op 

 St. Louis, City of 

 Thumb Electric Cooperative 

 Union City Electric Department 
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Michigan Public Service Commission Case No: U-21291
DTE Gas Company Audit Request FLODG-3.5.a,b,c
Customer Assisstance Days, Customer Resource Fairs and Pop Ups Witness J.E. Sparks

Page: 1 of 1
CAD = Customer Assistance Days
CRF = Customer Resource Fairs
Year Type Date Location Time Notes

2021 CAD 10/21/21 Virtual 8am-4pm
2021 CAD 11/05/21 Virtual 8am-4pm
2021 CAD 12/09/21 Virtual 8am-4pm

2022 CAD 01/13/22 Virtual 8am-4pm
2022 CAD 02/04/22 Virtual 8am-4pm
2022 CAD 02/10/22 Virtual 8am-4pm
2022 CAD 03/10/22 Virtual 8am-4pm
2022 CAD 04/14/22 Virtual 8am-4pm
2022 CAD 05/19/22 Virtual 8am-4pm
2022 CAD 11/03/22 Considine Center 9am - 4pm
2022 CRF 12/16/22 River Rouge High School 9am - 4pm

2023 CRF 10/12/23 Booker T Dozier Recreation Center 10am - 4pm
2023 CRF 11/02/23 Fellowship Chapel 10am - 4pm
2023 Pop-Up 07/26/23 Northwest Activity Center 11am – 3pm
2023 Pop-Up 07/27/23 Northwest Activity Center 11am – 3pm
2023 Pop-Up 08/02/23 Northwest Activity Center 11am – 3pm
2023 Pop-Up 08/03/23 Northwest Activity Center 11am – 3pm
2023 Pop-Up 08/08/23 Samaritan Center 11am – 3pm
2023 Pop-Up 08/09/23 Northwest Activity Center 11am – 3pm
2023 Pop-Up 08/09/23 Washtenaw Community Action Agency 11am – 3pm
2023 Pop-Up 08/17/23 Northwest Activity Center 11am – 3pm
2023 Pop-Up 09/05/23 Samaritan Center 11am – 3pm
2023 Pop-Up 09/19/23 Samaritan Center 11am – 3pm
2023 Pop-Up 09/12/23 Considine Center 11am – 3pm
2023 Pop-Up 09/20/23 Washtenaw Community Action Agency 11am – 3pm
2023 Pop-Up 09/27/23 Northwest Activity Center 11am – 3pm
2023 Pop-Up 10/03/23 Samaritan Center 11am – 3pm
2023 Pop-Up 10/11/23 Cares of Farmington Hills 11am – 3pm
2023 Pop-Up 10/25/23 La Sed 11am – 3pm
2023 Pop-Up 10/31/23 Northwest Activity Center 11am – 3pm
2023 Pop-Up 11/16/23 Veterans Resource Fair Greater Grace 10am - 2 pm
2023 Pop-Up 01/30/23 Samaritan Center 11am – 3pm

2024 Pop-Up 02/01/24 Northwest Activity Center 11am -3pm
2025 Pop-Up 02/28/24 Heilmann Recreation Center 11am -3pm
2024 Pop-Up 03/07/24 Northwest Activity Center 11am -3pm
2024 Pop-Up 03/18/24 Gethesemane Missionary Baptist Church 11am-2pm
2024 Pop-Up 04/04/24 Northwest Activity Center 11am -3pm
2024 CRF 04/12/24 Thompson Community Center 10 am – 1:30 pm
2024 CRF 04/12/24 Ford Resource & Engagement Center East 10am - 3pm
2024 Pop-Up 05/02/24 Northwest Activity Center 11am -3pm Planned, not confirmed
2024 Pop-Up 06/06/24 Northwest Activity Center 11am -3pm Planned, not confirmed
2024 Pop-Up 07/11/24 Northwest Activity Center 11am -3pm Planned, not confirmed
2024 Pop-Up 08/08/24 Northwest Activity Center 11am -3pm Planned, not confirmed
2024 Pop-Up 09/05/24 Northwest Activity Center 11am -3pm Planned, not confirmed
2024 Pop-Up 10/03/24 Northwest Activity Center 11am -3pm Planned, not confirmed
2024 Pop-Up 11/07/24 Northwest Activity Center 11am -3pm Planned, not confirmed
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BudgetWise Billing

You can't control the weather, but you do control your budget. Our free BudgetWise Billing

program enables you to pay your annual energy bill in equal monthly installments to avoid the

seasonal ups and downs of your natural gas and electric bills.

Click on Enroll Now to register. You’ll be prompted to sign-in to your DTE online account if you’re

not already logged-in. You can opt-out of BudgetWise Billing at any time.

Enroll Now

Program Highlights

Financial Management

By making your monthly bills more predictable, BudgetWise Billing helps to minimize spikes in your

amount due during high-use energy months.

We calculate your monthly payment by taking the energy usage and bill amount at your current

residence for the last 12 months. We use the average amount to determine your monthly payment.

®

®

5/4/24, 11:43 AM BudgetWise Billing® | DTE Energy

https://www.dteenergy.com/us/en/business/billing-and-payments/payment-programs/bwb.html 1/2
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Please review our BudgetWise Billing FAQ to learn more, and see the chart below for

examples of monthly payments in the program.

Estimate Your Monthly Payment

Annual DTE Energy Bill Estimated Monthly Payment

$600 - $1,000 $50 - $83

$1,000 - $2,000 $83 - $167

$2,000 - $3,000 $167 - $250

$3,000 - $5,000 $250 - $417

Quarterly Review

We review your energy usage every three months to determine if your monthly amount needs

to be adjusted. As your energy usage fluctuates throughout the year, your BudgetWise Billing

amount may increase or decrease each quarter to avoid a large under or over payment at the

end of 12 months. An outstanding balance during the ninth month will be distributed equally

over the remaining three months of the year.

Settlement Month

After 12 months we review your account and settle any differences between energy used and

money paid. If we overcharged, your account will be credited on your next bill. If you are

undercharged you will need to settle the difference to remain in the BudgetWise Billing

program. The annual reconciliation is called Settlement Month.

5/4/24, 11:43 AM BudgetWise Billing® | DTE Energy

https://www.dteenergy.com/us/en/business/billing-and-payments/payment-programs/bwb.html 2/2
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MPSC Case No: U-21291 

Requester: FLO 

Question No.: FLODG-4.1d 

Respondent: M. J. Hatsios 

Page: 1 of 1 
FLODG -4.1d (M. J. Hatsios) 

 

 

Question: Please refer to the Company’s webpage on BudgetWise billing. (available at 

https://www.dteenergy.com/us/en/business/billing-and-payments/payment-

programs/bwb.html#:~:text=Our%20free%20BudgetWise%20Billing%C2%AE

,re%20not%20already%20logged%2Din.). 

d. On the BudgetWise webpage, the Company states “We review your energy 

usage every three months to determine if your monthly amount needs to be 

adjusted.” What formula or methodology does the Company use to determine 

adjustments to a bill during quarterly review?  

 

Answer: Every three months, the Company uses the last rolling-12 months of the 

customer’s energy usage to determine if they are using more or less energy 

as compared to the last quarterly adjustment amount. If their average usage 

has increased or decreased by 10%, the customer’s BudgetWise Billing plan 

amount will be adjusted accordingly.  

 

 

 

 

Attachment: None. 
 

U-21291 
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STATE OF MICHIGAN 
BEFORE THE MICHIGAN PUBLIC SERVICE COMMISSION  

 
In the matter of the application of DTE GAS 
COMPANY for authority to increase 
its rates, amend its rate schedules and rules 
governing the distribution and supply 
of natural gas, and for miscellaneous 
accounting authority. 

  
Case No. U-21291 

 
ALJ Jonathan F. Thoits 

 
  

PROOF OF SERVICE 
 

I, Mark Templeton, certify that an electronic copy of the NON-CONFIDENTIAL 
Accompanying Exhibits FLO-218 to FLO-242 (excluding Confidential Exhibit FLO-239) (Part 4 
of 4) for the Direct Testimony of Sergio Cira-Reyes on Behalf of Frontline Organizations was 
served on the following on May 7, 2024. 
 

Name/Party  E-mail Address  

Administrative Law Judge 
Hon. Jonathan F. Thoits 

 
thoitsj@michigan.gov 

DTE Gas Company 
Carlton D. Watson 
Paula Johnson-Bacon 
Andrea Hayden 

 
carlton.watson@dteenergy.com 
paula.bacon@dteenergy.com 
andrea.hayden@dteenergy.com 
mpscfilings@dteenergy.com 

MPSC Staff 
Heather M.S. Durian 
Alena Clark 
Anna Stirling 
Michael J. Orris 
Monica Stephens 
Lori Mayabb 

 
durianh@michigan.gov 
clarka55@michigan.gov 
stirlinga1@michigan.gov 
orrism@michigan.gov 
stephensm11@michigan.gov 
MayabbL@michigan.gov 

Attorney General 
Joel King 
Aaron Walden 

 
KingJ38@michigan.gov 
WaldenA1@michigan.gov 
ag-enra-spec-lit@michigan.gov 

ABATE 
Stephen Campbell 
Michael Pattwell 
Jim Dauphinais 

 
scampbell@clarkhill.com 
mpattwell@clarkhill.com 
jdauphinais@consultbai.com 

Billerud Americas Corporation 
Timothy J. Lundgren 
Justin K. Ooms 

 
tlundgren@potomaclaw.com 
jooms@potomaclaw.com 
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City of Ann Arbor 
Valerie Jackson 
Valerie J.M. Brader 

 
valerie@rivenoaklaw.com 
valeriejackson@rivenoaklaw.com 
ecf@rivenoaklaw.com 

Dearborn Industrial Generation, L.L.C. 
Sean P. Gallagher 

 
sgallagher@fraserlawfirm.com 

Environmental Law & Policy Center, The 
Ecology Center, Union of Concerned 
Scientists, and Vote Solar 
Nicholas Wallace 
Daniel Abrams 
Carolyn Boyce 
Alondra Estrada 

 
 
 
nwallace@elpc.org 
dabrams@elpc.org 
cboyce@elpc.org 
aestrada@elpc.org 
MPSCDocket@elpc.org 

Michigan Environmental Council, Natural 
Resources Defense Council, Citizens Utility 
Board of Michigan, Sierra Club 
Christopher M. Bzdok 
Holly L. Hillyer 
Breanna Thomas 

 
 
 
chris@tropospherelegal.com 
holly@tropospherelegal.com 
breanna@tropospherelegal.com 

Michigan Power Limited Partnership, 
Retail Energy Supply Association 
Jennifer U. Heston 

 
 
jheston@fraserlawfirm.com 

Soulardarity, Urban Core Collective, We 
Want Green, Too 
Amanda Urban 
Mark Templeton 
Jacob Schuhardt 
Sam Heppell 
Madison S. Wilson 

 
 
t-9aurba@lawclinic.uchicago.edu 
templeton@uchicago.edu 
jschuhardt@uchicago.edu 
madisonswilson@uchicago.edu 
heppell@uchicago.edu  
aelc_mpsc@lawclinic.uchicago.edu  

 

The statements above are true to the best of my knowledge, information, and belief.  
             

UNIVERSITY OF CHICAGO LAW SCHOOL 
ABRAMS ENVIRONMENTAL LAW CLINIC 

        Counsel for Soulardarity, Urban Core  
    Collective, and We Want Green, Too  

  

Date: May 7, 2024 
/s/ Mark N. Templeton  
Mark N. Templeton (pro hac vice) (IL 6310308) 
University of Chicago Law School 
Abrams Environmental Law Clinic 
6020 S. University Avenue 
Chicago, IL 60637 
Phone: (773) 702-9611 
Email: templeton@uchicago.edu 
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