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Background. Household air pollution (HAP) due to the use of solid fuels for cooking is a global problem with significant impacts on human 
health, especially in low- and middle-income countries. HAP remains problematic in South Africa (SA). While electrification rates have 
improved over the past two decades, many people still use solid fuels for cooking owing to energy poverty.
Objectives. To estimate the disease burden attributable to HAP for cooking in SA over three time points: 2000, 2006 and 2012. 
Methods. Comparative risk assessment methodology was used. The proportion of South Africans exposed to HAP was assessed and assigned 
the estimated concentration of particulate matter with a diameter <2.5 μg/m3 (PM2.5) associated with HAP exposure. Health outcomes and 
relative risks associated with HAP exposure were identified. Population-attributable fractions and the attributable burden of disease due 
to HAP exposure (deaths, years of life lost, years lived with disability and disability-adjusted life years (DALYs)) for SA were calculated. 
Attributable burden was estimated for 2000, 2006 and 2012. For the year 2012, we estimated the attributable burden at provincial level.
Results. An estimated 17.6% of the SA population was exposed to HAP in 2012. In 2012, HAP exposure was estimated to have caused 8 862 
deaths (95% uncertainty interval (UI) 8 413 - 9 251) and 1.7% (95% UI 1.6% - 1.8%) of all deaths in SA, respectively. Loss of healthy life 
years comprised 208 816 DALYs (95% UI 195 648 - 221 007) and 1.0% of all DALYs (95% UI 0.95% - 1.0%) in 2012, respectively. Lower 
respiratory infections and cardiovascular disease contributed to the largest proportion of deaths and DALYs. HAP exposure due to cooking 
varied across provinces, and was highest in Limpopo (50.0%), Mpumalanga (27.4%) and KwaZulu-Natal (26.4%) Provinces in 2012. Age-
standardised burden measures showed that these three provinces had the highest rates of death and DALY burden attributable to HAP.
Conclusion. The burden of disease from HAP due to cooking in SA is of significant concern. Effective interventions supported by 
legislation and policy, together with awareness campaigns, are needed to ensure access to clean household fuels and improved cook stoves. 
Continued and enhanced efforts in this regard are required to ensure the burden of disease from HAP is curbed in SA.
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The article in context
Evidence before this study. In 2000, the first South African (SA) Comparative Risk Assessment Study 2000 (SACRA1) assessed the 
attributable burden from three health-related disease outcomes for indoor air pollution due to solid fuel use. Solid fuel use prevalence was 
estimated to be 20% among SA households, with significant variation by population group. Approximately 2 489 deaths (95% uncertainty 
interval (UI) 1 672 - 3 324) were attributed to indoor air pollution, with a total of 60 934 DALYs (95% UI 41 170 - 81 246) or 0.4% of all 
disability-adjusted life years (DALYs) (95% UI 0.3 - 0.5%) in SA in 2000. 
Added value of this study. Our study used updated methods to estimate the attributable burden due to cooking with solid fuels from seven 
health-related outcomes for three time points: 2000, 2006 and 2012. We used national survey data to estimate the proportion of people 
exposed to household air pollution (HAP), and extrapolated this figure to account for the burden in males and females by age group and, in 
2012, by province. We estimated a reduction in the prevalence of exposure to HAP between 2000 and 2012; however, 9 million people were 
still exposed to HAP in 2012. There was a decrease in deaths and DALYs owing to the risk factor over time. The high number of deaths 
due to lower respiratory infections (LRIs), particularly in children <10 years of age and in certain areas (e.g. Limpopo Province), remains 
a cause for concern. 
Implications of the available evidence. While the prevalence of HAP due to cooking and the disease burden due to the risk factor has 
decreased, more work is needed to lower and eventually eradicate the use of polluting fuels for cooking. A multipronged approach must 
be taken that involves legislation and interventions to reduce the use of solid fuels for cooking in SA. Large studies should be conducted to 
quantify the concentration of pollutants generated when using polluting fuels (including paraffin) for cooking in SA.
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In 2017, air pollution was ranked the leading environmental cause of 
death globally, and was responsible for an estimated 4.9 million deaths 
worldwide.[1] A third of these deaths were attributed to household 
air pollution (HAP) due to cooking with solid fuels.[1] The use of 
solid, polluting fuels for cooking remains an environmental health 
problem, disproportionately affecting low- and middle-income 
countries (LMICs).[2-5] HAP  arises  from the combustion of solid 
fuels (namely coal, wood, charcoal, dung and agricultural residues) 
in inefficient stoves and often in poorly ventilated homes,[6,7] 
resulting in the generation of a complex mixture of carbon-based 
particles, inorganic particles and irritant gases.[6] Particulate matter 
with a diameter <2.5  μg/m3 (PM2.5) is a harmful product of this 
combustion, and is implicated in many acute and chronic health 
conditions,[8] such as lower respiratory infections (LRIs),[9-11] chronic 
obstructive pulmonary disease (COPD),[6,12] trachea, bronchus and 
lung cancers,[12] ischaemic heart disease (IHD),[13] stroke,[13] type 
2 diabetes[14,15] and adverse birth outcomes.[16,17] Especially within 
LMICs, women and young children tend to bear the brunt of 
exposure to HAP, as traditional gender roles determine that women 
and girls spend a lot more of their time cooking compared with 
men/boys.[18] This finding is borne out by women’s increased risk of 
cataracts due to HAP.[14] The burden of disease due to HAP can be 
reduced through the adoption of clean household fuels.[19] In fact, 
there have been substantial reductions in HAP exposure in regions 
such as Europe and India,[20] while more modest reductions have 
been experienced in the African region.[5]

The use of solid fuels for cooking is inextricably linked to 
poverty and an associated lack of electricity.[21] The post-1994 SA 
government adopted policies to redress apartheid inequalities 
by improving access to basic services through the provision of 
free basic electricity for low-income South Africans.[22] Several 
programmes have been implemented, such as the National 
Electrification Programme (1994  - 2001), the Integrated National 
Electrification Programme (focused on rural electrification) and 
the Integrated Resource Plan (2010 - present), which emphasised 
the use of renewable energy sources, specifically in areas that were 
not grid-accessible.[23] Despite some issues with implementation, 
electrification programmes have  been successful in raising 
overall access to electricity, although rural areas[23] and informal 
settlements[24] tend to lag behind. In the late 1980s, only 35% of 
the population had access to electricity,[22,25] and by 2013, 85% of 
households were connected to the grid.[26] However, electrification 
does not necessarily translate into electricity use. For example, 
households may not be able to afford electricity despite being 
connected to the grid,[27] and while electrification plays a role in 
the type of fuel used by households to cook, households may still 
demonstrate energy poverty.[28] Many households use a mixture of 
fuels specific to their end use.[29,30] Factors such as household 
income,[31] education level, employment status, cultural norms and 
values influence fuel use.[29] Energy switching and energy stacking 
describe fluid energy  use  patterns where household members 
either change which energy source they prefer to use for specific 
energy needs, or use various energy sources simultaneously for 
different needs depending on fuel availability, income or household 
size and even season.[29,32] In winter months, when HAP exposure 
levels are at their highest, for example, households may make 
use of traditional coal stoves for heating and cooking purposes 
when money is limited, and may then revert to gas or electricity 
stoves and/or heaters when finances allow.[33] Households may 
also use a range of fuel sources simultaneously: electricity for 
lighting and refrigeration, gas or electricity for cooking and coal 
or wood for heating activities.[33] The concept of the energy ladder 

sees households moving from cheap and dirty fuels to more 
expensive, cleaner fuels (or vice versa) as their income or economic 
status changes.[34]

In the SA context, with some households off the grid, high 
costs of electricity and rolling blackouts,[35] multiple fuel use is 
common.[24,36-38] Since the mid-2000s, SA has experienced energy 
shortages resulting in rolling blackouts.[39] The energy crisis led to 
a sharp  increase in real electricity tariffs between 2008 and 2011, 
which is thought to have forced poorer households into using solid 
fuels to fulfil their energy needs.[39] The cost of electricity continues 
to increase. As the use of solid fuels is correlated with decreasing per 
capita income, it is expected that poorer households would be forced 
to use solid fuels. 

Relatively small, local studies showed that most households 
use electricity and gas for cooking,[38,40-45] although a few studies 
indicated a heavy reliance on solid fuels in the areas they 
studied.[46-48] A recent cohort study in a rural area in Eastern 
Cape Province showed that only 23% of households used electricity 
for cooking; the majority used  paraffin and outside fires.[49] 
Several studies have reported measuring pollutants within homes. 
Particulate matter with a diameter <10 μg/m3 (PM10) was the most 
frequently reported size of particulate matter,[42,44-46,50,51] while a 
few studies reported on personal PM4

[52,53] and others measured 
PM2.5.

[54,55] Where PM10 was measured, it was difficult to compare 
the median levels of indoor air pollution because of differing study 
methodologies. However, unelectrified houses or households 
using dirty fuels had a two- to threefold increase in median PM10 
compared with households using  clean fuels.[44,46] A study that 
measured PM2.5 in 23 households in KwaZulu-Natal Province 
found a median concentration of 63 µg/m3,[54] while a more recent 
study found a median of 35 µg/m3 (range 2 - 303 µg/m3) in the cold 
season and 22 µg/m3 (range 3 - 179 µg/m3) in the warm season.[55] 
These studies were limited by their small sample sizes. However, 
small sample sizes are to be expected as the measurement of 
particulate matter within homes is often constrained owing to 
the high instrument costs and intensive nature of monitoring. 
While SA has no indoor air quality standards for domestic use, 
both studies reported concentrations of PM2.5 >10 µg/m3, which is 
known to be harmful to health.[56] 

Several SA studies have examined the impact of HAP on health. 
Respiratory health outcomes were identified as a health effect of HAP 
exposure by a quasi-systematic review.[57] The use of non-electrical 
fuel sources was associated with upper and lower respiratory tract 
infections.[36] Even though electricity was the main fuel source, fuel 
switching or fuel stacking may have been responsible for a higher 
prevalence of LRIs in households. A large multi-country study 
that included SA showed that HAP exposure increased the risk of 
all‑cause mortality, cardiovascular disease and cardiorespiratory 
disease.[58] These studies collectively indicate a large burden of disease 
due to HAP in SA.

SACRA1[59] quantified the contribution of indoor air pollution 
to deaths and DALYs in SA for the year 2000. Limited data exist 
on the current burden of disease due to HAP in SA. The present 
study aimed to estimate the disease burden attributable to HAP 
in the country, as well as the trends over time for three time 
points: 2000, 2006 and 2012, using improved methods. In  doing 
so, the study aimed to estimate the burden of disease from 
household use of solid fuels in SA to inform legislation and policy 
development for clean energy, as well as guide interventions for the 
reduction of HAP and prevention of diseases associated with HAP 
exposure. Results presented here supersede all previously published 
SACRA estimates.
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Methods 
Overview
Comparative risk assessment (CRA) 
methodology was used.[60] We estimated the 
proportion of deaths and DALYs that could 
be attributed to HAP due to cooking, using 
the counterfactual scenario of theoretical 
minimum risk exposure level (TMREL). 
We used a modified version of the methodology 
established by the Global Burden of Disease 
(GBD) study,[8] where people exposed to HAP 
through cooking are assigned an individual 
PM2.5 concentration  level of exposure, as 
outlined in Fig. 1.

Exposure estimation
The exposure definition used was based on 
the GBD 2017’s[8] twofold definition, and was 
defined as: (i) ‘the proportion of households 
using solid cooking fuels … [which] includes 
coal, wood, charcoal, dung, and agricultural 
residues’; and (ii)  ‘individual exposure to 
PM2.5 due to use of solid cooking fuel’.[8]

Survey data closest to each time point 
of interest were used (Census 2001,[61] 
Community Survey 2007[62] and Census 
2011[63]) for 2000, 2006 and 2012 estimates, 
respectively. These surveys were determined 
to be the most complete and accurate 
datasets for SA, and were obtained from 
Statistics SA. Each survey contained the 
question, ‘What type of energy/fuel does 
the household mainly use for cooking?’ The 
responses for wood, coal and animal dung 
were combined to estimate the proportion 
of households using solid fuels for cooking. 
Household survey datasets were then 
extrapolated to individuals by age group 
(5-year age bands) and sex. For Census 2011, 
data were also stratified by province. Census 
2011 was projected to the year 2012 using 
a growth factor estimated by age, sex and 
province. For each dataset, the population 
was divided into exposed (uses solid fuels for 
cooking) and unexposed (does not use solid 
fuel for cooking).

Only the proportion of the population 
using solid fuels for cooking is included 
in this analysis. The proportion of people 
exposed to solid fuels was assigned an 
estimated annual average concentration 
value of PM2.5 to calculate appropriate 
relative risks for concentrations of PM2.5 
exposure. A literature review revealed 
inconsistent findings from seven community 
studies that sampled PM2.5 in solid fuel using 
households in SA (appendix: https://www.
samedical.org/file/1808). Therefore, here we 
used the findings from a global model to 
estimate HAP-PM2.5 exposure values for SA. 
This global model was based on studies from 
the World Health Organization (WHO)’s 

Global Household Air Pollution Database, 
and modelled HAP-PM2.5 exposure for each 
country, with explanatory variables including 
fuel types, season, urban/rural and country-
level sociodemographic index.[64] The model 
produced concentrations for the average 
HAP-PM2.5 kitchen concentration and 
average female HAP-PM2.5 concentration. 
A  previously cited ratio was applied to 
calculate male and child HAP-PM2.5 
concentrations to account for males, females 
and children being differentially exposed 
to HAP.[64] 

The global model estimated the annual 
average HAP-PM2.5 concentrations for SA 
by fuel source. Using data from Census 
2011, the proportion of the population 
using each type of solid cooking fuel was 
calculated, and a fuel-weighted, average 
country-level HAP-PM2.5 exposure was 

generated for adult females (personal 
communication: M  Shupler, 2019). The 
fuel-weighted average HAP-PM2.5 was 
very similar using Census 2001 and the 
Community Survey 2007, hence the Census 
2011 estimate was applied to all three time 
points. The adult male and child HAP-PM2.5 
concentrations were estimated using a ratio 
method (namely 0.72 for males and 0.87 for 
children).[64] For males and females aged 
5 - 24 years, the lowest level of exposure 
was assumed (Table  1). These estimates 
were used to calculate relative risks for each 
PM2.5 concentration level.

Disease outcomes and associated 
relative risks related to HAP and 
PM2.5 exposure
GBD 2017[8] was referenced for appropriate 
disease outcomes and relative risks, as the 

Fig. 1. Schematic overview of risk factor, household air pollution exposure, and the datasets that were 
applied at each stage of the study.
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Fig. 1. Schematic overview of risk factor, household air pollution exposure and the datasets that were 
applied at each stage of the study. (PM2.5 = particulate matter <2.5 μg/m3; HAP = household air pollution; 
YLL = years of life lost; YLD = years lived with disability; DALY = disability-adjusted life year.)[62-64]

Table 1. Fuel-weighted annual average HAP-PM2.5 in SA in 2000, 2006 and 2012

Age group, years
Fuel-weighted annual average HAP-PM2.5 (µg/m3)

Female estimate (LCL - UCL) Male estimate (LCL - UCL)
0 - 4 117.4 (83.4 - 166.7) 117.4 (83.4 - 166.7)
5 - 24 97.2 (69.0 - 138.0) 97.2 (69.0 - 138.0)
≥25 134.9 (95.8 - 191.6) 97.2 (69.0 - 138.0)

SA = South Africa; HAP-PM2.5 = household air pollution particulate matter with diameter <2.5 μg/m3;  
LCL = lower confidence level; UCL = upper confidence level.

https://www.samedical.org/file/1808
https://www.samedical.org/file/1808
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group have conducted a comprehensive review to identify outcomes 
associated with HAP. Based on GBD studies, two methods were 
used to obtain relative risk information for HAP and PM2.5 disease 
outcomes: (i)  integrated exposure response (IER) curves; and (ii) 
results of a published systematic review (Table 2). IER curves were used 
to ascertain the shape of the dose-response curve for various health 
outcomes.[8] These curves integrate relative risk information from 
outdoor air pollution, second-hand tobacco smoke, HAP-PM2.5 and 
active smoking studies to estimate risks across the global range of PM2.5 
exposure.[65,66] The statistical programming language R (R Foundation 
for Statistical Computing, Austria) was used to generate GBD 2017 
IER curves for concentrations of PM2.5 according to age group and 
PM2.5 concentration (see appendix Table  S2: https://www.samedical.
org/file/1808). The relative risks for age band 80 - 84 years were used 
for the >80 years age group. At the time, it was not possible to use the 
IER curves to estimate the relative risks of cataracts due to HAP. The 
relative risk used for cataract was 2.47 (95% confidence interval (CI) 
1.61 - 3.73), based on a published systematic review.[67]

Theoretical minimum risk exposure level
The TMREL is defined as ‘the level of risk exposure that minimises 
the risk at the population level, or the level of risk that captures the 
maximum attributable burden.’[8] For disease outcomes based on the 
IER curves, the TMREL was defined as a uniform distribution between 
2.4 µg/m3 and 5.9 µg/m3.[8] For cataracts, the theoretical minimum was 
defined as no households using solid fuels for cooking.[59] 

Computation of population-attributable fraction 
Customised Excel (Microsoft, USA) spreadsheets based on templates 
developed in a previous CRA were used for each year of interest. 
The population-attributable fraction (PAF) is the proportion by 
which the related health outcomes would be reduced in the SA 
population in a given year if exposure to the HAP risk factor were 
reduced to the counterfactual level of the TMREL.

For outcomes based on the IER curves, the population exposed was 
broken down by age and sex, and assigned the relevant HAP-PM2.5 
concentration. The relative risk was calculated, using corresponding 
GBD 2017 IER curves, for that PM2.5 concentration. The attributable 
fraction was calculated by multiplying the proportion exposed by the 
relative risk. 

Attributable fractions were calculated by disease condition, age 
group and sex for 2000, 2006 and 2012, and by province (in the 2012 
estimation only). 

The PAF was estimated using the formula: 

PAF=
P(RR(x)−RR (TMREL)) 

P ( RR (x)−1)+1

where P represents the proportion of the population exposed to HAP 
and RR is the relative risk of disease at a given exposure.

Computation of attributable burden
Attributable fractions were calculated for males and females by 
age group and disease condition. These were multiplied by disease 
burden estimates (including deaths, YLLs, YLDs and DALYs) 
for SA for the respective year using SA national burden of 
disease  estimates.[68,69] Age-standardised attributable death, YLL, 
YLD and DALY  rates  were calculated using alternative mid-year 
estimates[70] for each respective year and the WHO population 
standard.[71]

Uncertainty 
Monte Carlo simulation techniques, using Ersatz software version 
1.35 (Epigear, Australia), were used to present uncertainty ranges 
around the attributable burden estimates. Separately for each year, 
sex, age group and health outcome, we drew 2 000 random samples 
from the distributions of the parameters of the exposure and the 
relative risks functions, and we repeated the calculation of the PAF. 
We used the 2.5th and 97.5th percentiles of the replicated results as 
the bounds of the 95% UI. In drawing the samples, we assumed a 
normal uncertainty distribution for the exposure and a lognormal 
distribution for the relative risks. The uncertainty of the fuel-weighted 
HAP-PM2.5 estimates was modelled as a uniform distribution with 
limits of 29% and 42%, based on the study by Balakrishnan et al.[72] 

Results 
Prevalence of household air pollution exposure 
In 2012, approximately 9 million people (17.6% of the SA population) 
were exposed to HAP as a result of cooking with solid fuels. Between 
2000 and 2006, the proportion of people exposed decreased by 26.0%, 
and a more modest decrease (18.5%) was observed between 2006 and 
2012 (Fig. 2). 

Burden of disease attributable to household air pollution 
in SA
The total number of deaths attributable to HAP decreased over time 
(Table 3). In 2000, HAP caused an estimated 6 646 deaths in females 
and 5 825 deaths in males. By 2012, this had decreased to 4 879 deaths 
in females and 3  982 in males. There were more deaths and DALYs 
attributable to HAP in females than in males. While DALYs decreased 
in total from 280  676 to 208  816 between 2000 and 2012, this still 
represents a significant burden of disease due to HAP exposure. 
In 2000, HAP was responsible for 2.5% of all deaths in SA, and this 
decreased to 1.7% by 2012. The DALYs followed a similar trend. 

The age-standardised death and DALY rates decreased in females 
and males over time. The age-standardised death rate decreased by 
41.8% between 2000 and 2012, while the age-standardised DALY rate 
decreased by a similar amount (39.4%) during the same period (Figs 
3A and B). While there were more attributable deaths in females than 
in males, the age-standardised death rates were higher in males than 

Table 2. Health outcomes and relative risks associated with HAP and PM2.5

Health outcome ICD-10 code Age group affected Relative risk
Lower respiratory infections J09 - J18, J20 - J22, P23 >6 years, J86 All ages IER curves
Ischaemic heart disease I20 - I25 >25 years IER curves
Stroke I60 - I69, G81 >25 years IER curves
Type 2 diabetes E11 >25 years IER curves
Chronic obstructive pulmonary disease J40 - J44, J47 >25 years IER curves
Trachea, bronchus and lung cancers C33 - C34 >25 years IER curves
Cataracts H25 - H26 >15 years (women only) 2.47 (95% CI 1.61 - 3.73)[67]

HAP = household air pollution; PM2.5 = particulate matter with diameter <2.5 μg/m3; IER = integrated exposure response; CI = confidence interval.
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in females. This is due to the underlying 
population structure in SA where there are 
more females than males, especially in the 
older age groups. 

Contribution of disease conditions 
to burden
LRIs and cardiovascular disease accounted 
for the majority of the disease burden 
attributable to HAP (Figs 4A - H). Deaths 

and DALY patterns were similar between 
females and males, as well as in the years 
2000 and 2012. The contribution of LRIs 
and diabetes increased (deaths and DALYs) 
between 2000 and 2012.

The age distribution of deaths attributable 
to HAP differed by sex (Figs 5A and B). 
The attributable death age pattern remained 
the  same for males across 2000 and 2012. 
Deaths peaked in 60 - 79-year-olds, and there 

was a high burden of LRIs in 0 - 9-year-olds. 
The female age pattern differed from males 
in that deaths peaked in the oldest age group 
(>80 years). 

Burden of disease due to household 
air pollution by province in 2012
In 2012, HAP exposure varied substantially 
by province (Table  4). It was highest in 
Limpopo (50.0%), Mpumalanga (27.4%) and 
KwaZulu-Natal (26.4%) Provinces. More 
than half of the people exposed nationally 
resided in Limpopo and KwaZulu-Natal.

When applying the age-standardised 
death and DALY rates, Limpopo had the 
highest rates in the country (Figs 6A and B). 
This could be due to their high burden of 
LRI deaths (see appendix S2: https://www.
samedical.org/file/1808). 

Discussion 
An estimated 17.6% of the SA population was 
exposed to HAP through cooking in 2012. 
This percentage was slightly lower than that 
found in the previous assessment.[59] SACRA1 
estimated the burden of respiratory ill health 
in SA due to exposure to indoor air pollution 
through the use of solid fuels for cooking 
and heating.[59] Census 2001 data were used 
to estimate the proportion of households 
using solid fuels, and the exposure estimates 
were adjusted through a ventilation factor. 
SACRA1 estimated that 2  489 deaths and 
60  934 DALYs occurred in SA for the year 
2000 as a result of exposure to indoor air 
pollution .[59] Our study used an updated 
method to estimate the burden of disease 
whereby the proportion of households 
using solid fuels for cooking (heating 
was excluded) were assigned a PM2.5 
concentration value to calculate appropriate 
relative risks using the IERs. Our study 
also included updated disease outcomes, 
as evidence has emerged to support the 
causality of HAP in other diseases (e.g. 
diabetes, cerebrovascular disease, IHD, 
cataracts). Hence we report a much higher 
number of deaths and DALYs attributable 
to HAP in 2000 (12 471 deaths and 280 676 
DALYs) compared with the same year in 
the previous study.

The number of people using solid fuels for 
cooking decreased between 2000 and 2012, 
from approximately 13  million to 9  million. 
The proportion using solid fuels decreased 
from 29.2% to 17.6% (a 40% decrease) between 
2000 and 2012. Although the total population 
increased during this period (45.0  million to 
52.4  million), the number of people exposed 
to HAP decreased by 4  million. The main 
factor driving this decrease appears to be the 
increased access to electricity, which increased 

Fig. 2. Proportion of people exposed to household air pollution from cooking with solid fuels 
by year and sex in South Africa. 
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Table 3. Burden of disease due to household air pollution in 2000, 2006 and 2012 by health outcome and gender

Disease
Female Male All

AF (%) Deaths, n DALYs, n AF (%) Deaths, n DALYs, n AF (%) Deaths, n DALYs, n
2000
LRI* 23 2 404 63 625 18 2 150 59 377 20 4 554 123 001
Trachea, bronchi 
and lung cancers 

16 250 4 400 11 439 7 331 12 689 11 731

Diabetes mellitus 13 934 19 169 10 481 9 730 12 1 415 28 899
IHD 9 1 053 18 538 8 950 16 894 8 2 003 35 432
Cerebrovascular 
disease 

6 1 233 21 429 5 760 13 447 5 1 993 34 876

COPD 19 771 23 834 14 1 045 21 411 16 1 816 45 245
Cataract† 0 0 1 492 NA NA NA 0 0 1 492
Total attributable 
burden‡

- 6 646 152 486 - 5 825 128 190 - 12 471 280 676

Uncertainty 
interval

- 6 187 - 7 007 141 241 - 
161 637

- 5 505 - 6 133 118 272 - 
137 163

- 11 835 - 12 966 260 854 - 297 
344

% total burden - 2.8 1.6 - 2.2 1.3 - 2.5 1.5
Uncertainty 
interval, %

- 2.6 - 2.9 1.5 - 1.7 - 2.1 - 2.3 1.2 - 1.4 - 2.3 - 2.6 1.4 - 1.6

2006
LRI* 19 2 302 55 955 14 1 778 47 850 16 4 080 103 805
Trachea, bronchi 
and lung cancers 

13 237 3 928 8 315 5 064 10 552 8 993

Diabetes mellitus 10 1 027 20 811 8 484 9 388 9 1 511 30 199
IHD 7 940 16 387 5 790 13 869 6 1 730 30 257
Cerebrovascular 
disease 

4 1 087 18 305 4 589 10 058 4 1 677 28 362

COPD 15 610 19 642 10 761 16 462 12 1 372 36 104
Cataract† 0 0 1 299 NA  NA NA 0 0 1 299
Total attributable 
burden‡

- 6 202 136 327 - 4 719 102 692 - 10 921 239 018

Uncertainty 
interval

- 5 800 - 6 579 126 903 - 
145 089

- 4 429 - 4 988 94 716 
-110 984

- 10 352 - 11 421 22 207 - 254 248

% total burden - 1.9 1.1 - 1.4 0.8 - 1.6 1.0
Uncertainty 
interval, %

- 1.7 - 2.0 1.0 - 1.1 - 1.3 - 1.5 0.8 - 0.9 - 1.5 - 1.7 0.9 - 1.0

2012
LRI* 16 2 057 49 856 13 1 764 47 102 15 3 821 96 958
Trachea, bronchi 
and lung cancers 

6 121 2 097 5 218 3 596 5 339 5 693

Diabetes mellitus 9 991 24 016 7 540 11 606 8 1 532 3 5622
IHD 4 511 9 324 4 489 9 217 4 1 000 18 541
Cerebrovascular 
disease 

4 864 14 258 3 505 8 467 3 1 369 22 725

COPD 9 335 16 286 7 466 11 847 8 801 28 132
Cataract† 0 0 1 144 NA NA  NA 0 0 1 144
Total attributable 
burden‡

- 4 879 116 981 - 3 982 91 835 - 8 862 208 816

Uncertainty 
interval

- 4 546 - 5 190 109 149 - 
123 950

- 3 764 - 4 179 85 216 - 
97 794

- 8 413 - 9 251 195 648 - 
221 007

% total burden - 1.9 1.1 - 1.4 0.9 - 1.7 1.0
Uncertainty 
interval, %

- 1.8 - 2.1 1.0 - 1.2 - 1.4 - 1.5 0.8 - 1.0 - 1.6 - 1.8 1.0 - 1.0

AF = attributable fraction based on the numbers of attributable deaths; DALY = disability-adjusted life year; LRI = lower respiratory infection; IHD = ischaemic heart disease;  
COPD = chronic obstructive pulmonary disease.
*LRI was a disease outcome for people of all ages.
†Cataract is only a disease outcome in females >15 years old. There were no deaths due to cataracts.
‡The denominator refers to the total burden of disease in South Africa.
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Fig. 4. Deaths attributable to household air pollution by disease condition in 2000 in (A) females and (B) males. Deaths attributable to 
household air pollution by disease condition in 2012 in (C) females and (D) males. DALYs attributable to household air pollution by 
disease condition in 2000 in (E) females and (F) males. DALYs attributable to household air pollution by disease condition in 2012 in 
(G) females and (H) males. 

Notes:
a) Cardiovascular disease is the addition of ischaemic heart disease and stroke.
b) Lower respiratory infections were a disease outcome for all ages.
c) Cataracts were only a disease outcome in women over the age of 15 years. There were no deaths attributable to cataracts.
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Fig. 4. Deaths attributable to household air pollution (HAP) by disease condition in 2000 in (A) females and (B) males. Deaths attributable to HAP by disease 
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stroke. LRIs were a disease outcome for all ages.)
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from 57.5% of households in 2002 to 75.2% in 2012.[26] The decrease 
in the use of solid fuels may have arisen from increased use of clean 
fuels, such as electricity and solar energy. The latter have become 
relatively more affordable in recent years, although solar energy tends 
to be used more by wealthy households than poorer households.[73] 
However, government commitment to renewable energy may see future 
improvements in HAP exposure.[74] Meanwhile, coal-fired power stations 
have continued to provide electricity to households in SA, where access 
to electricity increased from 35% of households in 1990 to 91% in 2018.[75] 
It is important to note that the emissions from coal-fired power stations 
also negatively impact human health and the environment.

While access to electricity may have increased, its affordability 
and reliability may restrict its use, especially in rural and informal 
dwellings.[76,77] Energy switching or stacking is common in SA, where 
different fuels on the energy ladder are used for cooking.[28] A 
continued transition to cleaner fuels, such as electricity or gas, for 
cooking would lead to a decrease in HAP exposure.

According to the latest GBD estimates for 2012, HAP was 
responsible for 7 983 deaths in SA.[78] We estimated a higher number 
of deaths (8  862), which may be due to differences in population 
and mortality data used. The top two causes of deaths attributable to 
HAP exposure identified by the GBD were LRIs and cardiovascular 
disease (specifically IHD).[79] Each of these diseases accounted for 27% 
of the deaths attributable to HAP, followed by COPD (20%), stroke 
(18%) and lung cancer (8%). Our findings were similar: LRIs were of 

particular concern, especially among children 0 - 9 years of age and 
the elderly (60 - 79 years). HAP exposure almost doubles the risk of 
childhood pneumonia, and is responsible for 45% of all pneumonia 
deaths in children under 5 years.[80] In response to this problem, the 
WHO’s ‘Guidelines for indoor air quality: Household fuel combustion’ 
provides health-based recommendations on fuel type and technologies 
to protect health, as well as strategies for effective dissemination 
and sustainable adoption of clean home energy technologies and 
behaviours.[81] 

Diabetes and COPD also contributed to the disease burden attrib
utable to HAP exposure in SA. Several studies report an association 
between exposure to air pollution and diabetes,[82-84] some even reporting 
associations with air pollution levels below guideline values.[84] About 
4.5  million adults suffer from diabetes (prevalence is estimated at 
12.8%) in SA.[85] While smoking is the major cause of COPD, exposure 
to solid fuels is an important additional factor.[86] In Cape Town, the 
prevalence of COPD was reportedly 19%,[87] compared with 13% on 
the African continent,[88] possibly due to a high incidence of smoking, 
occupational dust exposure, HAP and prior tuberculosis. Diabetes and 
COPD morbidity place a significant burden on the healthcare system, 
hence the need for interventions to reduce HAP exposure.

Study limitations
Our study followed the GBD method and excluded HAP due to 
heating. However, household burning of solid fuels for heating 

Fig. 5. Deaths attributable to HAP by year in 2000 and 2012 in (A) females and (B) males. 
Note: 
a) In younger age groups (<25 years), LRIs were the only disease condition investigated that was attributable
to HAP
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Fig. 5. Deaths attributable to household air pollution (HAP) by year in 2000 and 2012 in (A) females and (B) males. (In younger age groups (<25 years), lower 
respiratory infections were the only disease condition investigated that was attributable to HAP.) (Cardiovascular disease = ischaemic heart disease plus stroke.)



726       August 2022  Vol. 112, No. 8b  

RESEARCH

would likely have a higher burden of disease 
estimate with cumulative risks from cooking 
and heating with solid fuels. We also followed 
the GBD method and excluded paraffin 
as a solid fuel. A recent multi-country 
study that included SA (the Prospective 
Urban and Rural Epidemiology Study) 
looked at the health impacts of cooking 
with paraffin[89] and found that its use was 
associated with increased risk of mortality 
and cardiorespiratory outcomes. If  parrafin 

had been included in our analysis, our 
burden estimates would undoubtedly have 
been higher, especially given that paraffin 
is still commonly used in SA.[74] Including 
solid fuel use for heating and the use of 
paraffin would likely result in a change in 
our provincial estimates. Future assessments 
should take this into account.

The HAP-PM2.5 exposure assigned to 
people exposed to HAP that we used was a 
crude estimate. The actual concentration of 

PM2.5 generated when burning HAP could 
be higher or lower. However, because of 
the limited SA data available, we used the 
results of a global model.[64] Future studies 
may better inform the quantification of 
the concentration of pollutants generated 
when using solid fuels for cooking in SA. 
We used disease-outcome pairs based 
on GBD 2017. The disease-outcome 
pairs were systematically interrogated by 
GBD; however, there may still be residual 
confounding factors present. 

The analyses presented here considered the 
burden attributable to HAP. HAP exposure 
as a risk factor may work synergistically with 
other risk factors, such as undernutrition, 
ambient air pollution exposure, etc., to 
increase the effects of HAP-related diseases. 
While these relationships are important, 
they are difficult to quantify and were not 
assessed here. Similarly, impacts of time and 
effort spent collecting or gathering solid fuels 
for household use on the socioeconomics 
of the household and the health of those 
responsible for doing so, especially women, 
were also not assessed.

Conclusion
While the prevalence of HAP exposure 
decreased during the study period, 
approximately 9  million people were still 
exposed to HAP in 2012. Despite the 
reported decrease in the prevalence of HAP 
exposure and the decreased disease burden 
over the years of the study, the number 

Table 4. Household air pollution exposure prevalence by sex and province in 2012

Province
Females exposed, 
% (95% UI)

Total female 
population, n

Males exposed,
% (95% UI)

Total male 
population, n

Persons exposed, 
% (95% UI)

Total population 
exposed, n (95% UI)

Limpopo 51.5
(51.2 - 51.9)

2 948 206 48.1
(47.8 - 48.5)

2 587 080 50.0
(49.6 - 50.3)

2 764 875 
(2 746 609 - 2 782 588)

Mpumalanga 28.2
(27.8 - 28.6)

2 052 156 26.5
(26.1 - 26.9)

1 962 411 27.4
(27.0 - 27.8)

1 099 188 
(1 084 334 - 1 114 444)

KwaZulu-Natal 27.2
(26.9 - 27.5)

5 421 309 25.5
(25.2-25.8)

4 909 453 26.4
(26.2 - 26.6)

2 726 288 
(2 701 494 - 2 752 115)

Eastern Cape 24.6
(24.3 - 24.9)

3 491 545 23.9
(23.6 - 24.2)

3 104 210 24.2
(24.0 - 24.5)

1 598 811 
(1 580 343 - 1 617 279)

North West 12.7
(12.4 - 13.1)

1 780 728 12.9
(12.6 - 13.3)

1 823 208 12.8
(12.5 - 13.2)

462 025 
(450 492 - 473 918)

Northern Cape 8.9
(8.4 - 9.3)

569 468 9.3
(8.9 - 9.8)

555 275 9.1
(8.7 - 9.5)

102 127 
(97 403 - 107 076)

Free State 5.0
(4.8 - 5.2)

1 418 377 5.3
(5.1 - 5.5)

1 319 699 5.1
(4.9 - 5.4)

140 463 
(134 987 - 146 487)

Western Cape 1.3
(1.3 - 1.4)

2 997 750 1.6
(1.5 - 1.7)

2 895 423 1.5
(1.4 - 1.5)

85 451 
(80 147 - 90 755)

Gauteng 1.1
(1.1 - 1.2)

6 236 363 1.16
(1.11-1.22)

6 352 663 1.1
(1.1 - 1.2)

143 515 
(137 220 - 149 809)

South Africa 18.4
(18.3 - 18.5)

26 915 902 16.8
(16.7 - 16.9)

25 509 422 17.6
(17.5 - 17.7)

9 232 100 
(9 184 917 - 9 274 040)

UI = uncertainty interval.

Fig. 6. (A) Age-standardised death rates due to household air pollution in 2012 by province; (B) Age-
standardised DALY rates due to household air pollution by province in 2012. 
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Fig. 6. (A) Age-standardised death rates due to household air pollution in 2012 by province; (B) age-
standardised disability-adjusted life year (DALY) rates due to household air pollution in 2012 by province.
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of deaths and DALYs due to HAP exposure is still substantial, 
placing strain on households and the healthcare system. Globally, 
significant progress has been made for interventions to reduce HAP 
exposure,[2,90,91] including access to electricity, clean cook stoves, 
behavioural change[92-94] and housing with improved ventilation.
[92,96,97] Evidence exists in the SA context of the potential for reducing 
HAP exposure.[50,57] Such interventions need to be sustainable, 
and inequalities that lead to energy poverty must be eliminated. 
Appropriate interventions should be targeted among vulnerable 
groups, especially infants, children and the elderly.

Declaration. None.
Acknowledgements. We would like to acknowledge Michael Brauer and 
Aaron Cohen for their input on the proposal, Matt Shupler for his help 
with the HAP-PM2.5 estimates and Kate Causey for access to the data used 
for the IER curves. We would also like to thank Angie Mathee, Bianca 
Wernecke, Ali Dhansay, Pam Groenewald, Lyn Hanmer and Jane Joubert 
for their input. The survey review team, led by VPvW, conducted the risk 
of bias assessment of the national surveys. The following individuals are 
acknowledged for their contribution: Debbie Bradshaw, Rifqah Roomaney, 
Oluwatoyin Awotiwon, Eunice Turawa, Pam Groenewald, Andiswa Zitho, 
Beatrice Nojilana, Jané Joubert, Mmakamohelo Direko, Mweete Nglazi, 
Nomonde Gwebushe, Nomfuneko Sithole, Annibale Cois, Linda Mbuthini, 
Lyn Hanmer, Akhona Ncinitwa, Nadine Nannan, Nada Abdelatif, Richard 
Matzopoulos, Ian Neethling, Ali Dhansay and Ria Laubscher. The National 
Burden of Disease (NBD) team, led by VPvW, was responsible for 
mapping the NBD and GBD causes generating YLD and DALY estimates 
for national, provincial and population groups. The following individuals 
are acknowledged for their contribution: William Msemburi, Oluwatoyin 
Awotiwon, Annibale Cois, Ian Neethling, Tracy Glass, Pam Groenewald 
and Debbie Bradshaw.
Author contributions. Conceived and designed the study:  RAR, CYW, 
EC, RP, DB, VPvW. Analysed and prepared the data: all. Interrogated and 
interpreted results: all. Drafted manuscript: RAR, CYW, EC, AC, ET, OA, IN, 
BN, RP, DB, VPvW. Critical review of manuscript for important intellectual 
content: all. Senior authors: VPvW, DB, RP. Agreed to final version: all. 
Funding. This research and the publication thereof have been funded by 
the SA Medical Research Council’s Flagships Awards Project (SAMRC-
RFA-IFSP-01-2013/SA CRA 2).
Conflicts of interest. None.

1.	 Institute for Health Metrics and Evaluation. GBD Compare. Seattle: IHME, 2018. https://vizhub.
healthdata.org/gbd-compare/ (accessed 11 January 2021).

2.	 Goldemberg J, Martinez-Gomez J, Sagar A, et al. Household air pollution, health, and climate change: 
Cleaning the air. Environ Res Lett 2018;13(3):030201. https://doi.org/10.1088/1748-9326/aaa49d

3.	 Arku RE, Birch A, Shupler M, et al. Characterizing exposure to household air pollution within the 
Prospective Urban Rural Epidemiology (PURE) study. Environ Int 2018;114:307-317. https://doi.
org/10.1016/j.envint.2018.02.033

4.	 Landrigan PJ, Fuller R, Acosta NJ, et  al. The Lancet Commission on pollution and health. Lancet 
2018;391(10119):462-512. https://.doi.org/10.1016/ S0140-6736(17)32345-0

5.	 Lee KK, Bing R, Kiang J, et al. Adverse health effects associated with household air pollution: A systematic 
review, meta-analysis, and burden estimation study. Lancet Glob Health 2020;8(11):e1427-e1434. https://
doi.org/10.1016/S2214-109X(20)30343-0

6.	 Sood A, Assad NA, Barnes PJ, et al. ERS/ATS workshop report on respiratory health effects of household 
air pollution. Eur Respir J 2018;51(1):1700698. https://doi.org/10.1183/13993003.00698-2017

7.	 Bonjour S, Adair-Rohani H, Wolf J, et al. Solid fuel use for household cooking: country and regional 
estimates for 1980-2010. Environ Health Perspect 2013;121(7):784. https://doi.org/10.1289/
ehp.1205987

8.	 GBD 2017 Risk Factor Collaborators. Global, regional, and national comparative risk assessment of 84 
behavioural, environmental and occupational, and metabolic risks or clusters of risks for 195 countries 
and territories, 1990 - 2017: A systematic analysis for the Global Burden of Disease Study 2017. Lancet 
2018;392(10159):1923-1994. https://doi.org/10.1016/S0140-6736(18)32225-6

9.	 Gordon SB, Bruce NG, Grigg J, et  al. Respiratory risks from household air pollution in low and 
middle income countries. Lancet Respir Med 2014;2(10):823-860. https://doi.org/10.1016/s2213-
2600(14)70168-7

10.	 Dherani M, Pope D, Mascarenhas M, et al. Indoor air pollution from unprocessed solid fuel use and 
pneumonia risk in children aged under five years: A systematic review and meta-analysis. Bull World 
Health Organ 2008;86(5):390-398C. https://doi.org/10.2471/BLT.07.044529

11.	 Jary H, Simpson H, Havens D, et al. Household air pollution and acute lower respiratory infections 
in adults: A systematic review. PLoS One 2016;11(12):e0167656. https://doi.org/10.1371/journal.
pone.0167656

12.	 Kurmi OP, Arya PH, Lam K-BH, et  al. Lung cancer risk and solid fuel smoke exposure: 
A systematic review and meta-analysis. Eur Respir J 2012;40(5):1228-1237. https://doi.
org/10.1183/09031936.00099511

13.	 Fatmi Z, Coggon D. Coronary heart disease and household air pollution from use of solid fuel: 
A systematic review. Br Med Bull 2016;118(1):91-109. https://doi.org/10.1093/bmb/ldw015

14.	 Kim C, Seow WJ, Shu X-O, et  al. Cooking coal use and all-cause and cause-specific mortality in a 
prospective cohort study of women in Shanghai, China. Environ Health Perspect 2016;124(9):1384-
1389. https://doi.org/10.1289/ehp236

15.	 Bowe B, Xie Y, Li T, et al. The 2016 global and national burden of diabetes mellitus attributable to 
PM2.5 air pollution. Lancet Planet Health 2018;2(7):e301-e312. https://doi.org/10.1016/S2542-
5196(18)30140-2

16.	 Li Z, Tang Y, Song X, et al. Impact of ambient PM2.5 on adverse birth outcome and potential molecular 
mechanism. Ecotoxicol Environ Saf 2019;169:248-254. https://doi.org/10.1016/j.ecoenv.2018.10.109

17.	 Sun X, Luo X, Zhao C, et al. The associations between birth weight and exposure to fine particulate 
matter (PM2.5) and its chemical constituents during pregnancy: A meta-analysis. Environ Pollut 
2016;211:38-47. http://doi.org/10.1016/j.envpol.2015.12.022

18.	 Austin KF, Mejia MT. Household air pollution as a silent killer: Women’s status and solid fuel use in 
developing nations. Popul Environ 2017;39(1):1-25. https://doi.org/10.1007/s11111-017-0269-z

19.	 Puzzolo E, Pope D, Stanistreet D, et al. Clean fuels for resource-poor settings: A systematic review 
of barriers and enablers to adoption and sustained use. Environ Res 2016;146:218-234. https://doi.
org/10.1016/j.envres.2016.01.002

20.	 Chowdhury S, Dey S, Guttikunda S, et al. Indian annual ambient air quality standard is achievable by 
completely mitigating emissions from household sources. Proc Natl Acad Sci USA 2019;116(22):10711. 
https://doi.org/10.1073/pnas.1900888116

21.	 Garba I, Bellingham R, eds. The impact of lack of clean cooking fuels on sustainable development in 
developing countries. ASME 2018 12th International Conference on Energy Sustainability collocated 
with the ASME 2018 Power Conference and the ASME 2018 Nuclear Forum, 2018.

22.	 Coovadia H, Jewkes R, Barron P, et al. The health and health system of South Africa: Historical roots 
of current public health challenges. Lancet 2009;374(9692):817-834. https://doi.org/10.1016/S0140-
6736(09)60951-X

23.	 Rathi SS, Vermaak C. Rural electrification, gender and the labor market: A cross-country study of 
India and South Africa. World Dev 2018;109:346-359. https://doi.org/10.1016/j.worlddev.2018.05.016

24.	 Makonese T, Masekameni D, Annegarn H, eds. Energy use scenarios in an informal urban settlement 
in Johannesburg, South Africa. 2016 International Conference on the Domestic Use of Energy (DUE). 
Institute of Electrical and Electronics Engineers, 2016.

25.	 Rispel LC. Health indicators: Policy implications. Johannesburg: Centre for Health Policy, University 
of the Witwatersrand, 1992.

26.	 Statistics South Africa. General Household Survey 2019. StatsSA, 2020. http://www.statssa.gov.za/
publications/P0318/P03182019.pdf (accessed 1 June 2021).

27.	 Baker L, Phillips J. Tensions in the transition: The politics of electricity distribution in South Africa. 
Environ Plan C Politics Space 2019;37(1):177-196. https://doi.org/10.1177/2399654418778590

28.	 Israel-Akinbo S, Fraser JSG. The energy transition patterns of low-income households in South Africa: 
An evaluation of energy programme and policy. J Energy South Afr 2018;29(3):75-85. https://.doi.
org/10.17159/2413-3051/2017/v29i3a3310

29.	 Uhunamure SE, Nethengwe NS, Musyoki A. Driving forces for fuelwood use in households in 
the Thulamela municipality, South Africa. J Energy South Afr 2017;28(1):25-34. https://doi.
org/10.17159/2413-3051/2017/v28i1a1635 

30.	 Van der Kroon B, Brouwer R, van Beukering PJ. The energy ladder: Theoretical myth or empirical 
truth? Results from a meta-analysis. Renew Sust Energ Rev 2013;20:504-513. https://doi.org/10.1016/j.
rser.2012.11.045

31.	 Ye Y, Koch SF, Zhang J. Determinants of household electricity consumption in South Africa. Energy 
Economics 2018;75:120-133. https://doi.org/10.1016/j.eneco.2018.08.005

32.	 Abdul-Wakeel Karakara A, Dasmani I. An econometric analysis of domestic fuel consumption in 
Ghana: Implications for poverty reduction. Cogent Soc Sci 2019;5(1):1697499. https://doi.org/10.10
80/23311886.2019.1697499

33.	 Makonese T, Ifegbesan AP, Rampedi IT. Household cooking fuel use patterns and determinants 
across southern Africa: Evidence from the demographic and health survey data. Energy Environ 
2017;29(1):29-48. https://doi.org/10.1177/0958305X17739475

34.	 Muazu NB, Ogujiuba K, Tukur HR. Biomass energy dependence in South Africa: Are the Western 
Cape Province households descending the energy ladder after improvement in electricity access? 
Energy Rep 2020;6(2020):207-213. https://doi.org/10.1016/j.egyr.2020.11.267

35.	 Kimemia D, Annegarn H. Domestic LPG interventions in South Africa: Challenges and lessons. 
Energy Policy 2016;93:150-156. https://doi.org/10.1016/j.enpol.2016.03.005

36.	 Buthelezi SA, Kapwata T, Wernecke B, et  al. Household fuel use for heating and cooking and 
respiratory health in a low-income, South African coastal community. Int J Environ Res Public Health 
2019;16(4)550. https://doi.org/10.3390/ijerph16040550

37.	 Lusinga S, de Groot J. Energy consumption behaviours of children in low-income communities: A 
case study of Khayelitsha, South Africa. Energy Res Soc Sci 2019;54:199-210. https://doi.org/10.1016/j.
erss.2019.04.007

38.	 Elf JL, Eke O, Rakgokong M, et  al. Indoor air pollution from secondhand tobacco smoke, solid 
fuels, and kerosene in homes with active tuberculosis disease in South Africa. BMC Res Notes 
2017;10(1):591. https://doi.org/10.1186/s13104-017-2892-2

39.	 Pretorius I, Piketh S, Burger R. The impact of the South African energy crisis on emissions. 
Transactions Ecology Envir 2015;4:255-264. http://doi.org/10.2495/AIR150211

40.	 Kristensen IA, Olsen J. Determinants of acute respiratory infections in Soweto – a population-based 
birth cohort. S Afr Med J 2006;96(7):633-640. 

41.	 Albers PN, Wright CY, Voyi KV, et al. Household fuel use and child respiratory ill health in two towns in 
Mpumalanga, South Africa. S Afr Med J 2015;105(7):573-577. https://doi.org/10.7196/SAMJnew.7934

42.	 Vanker A, Barnett W, Nduru PM, et al. Home environment and indoor air pollution exposure in an African 
birth cohort study. Sci Total Environ 2015;536:362-367. https://doi.org/10.1016/j.scitotenv.2015.06.136

43.	 Shirinde J, Wichmann J, Voyi K. Association between wheeze and selected air pollution sources in an air 
pollution priority area in South Africa: A cross-sectional study. Environ Health 2014;13(1):32. https://
doi.org/10.1186/1476-069x-13-32

44.	 Jafta N, Barregard L, Jeena PM, et al. Indoor air quality of low and middle income urban households 
in Durban, South Africa. Environ Res 2017;156:47-56. https://doi.org/10.1016/j.envres.2017.03.008

45.	 Vanker A, Barnett W, Workman L, et al. Early-life exposure to indoor air pollution or tobacco smoke 
and lower respiratory tract illness and wheezing in African infants: A longitudinal birth cohort study. 
Lancet Planet Health 2017;1(8):e328-e336. https://doi.org/10.1016/s2542-5196(17)30134-1

46.	 Rollin HB, Mathee A, Bruce N, et al. Comparison of indoor air quality in electrified and un-electrified 
dwellings in rural South African villages. Indoor Air 2004;14(3):208-216. https://doi.org/10.1111/
j.1600-0668.2004.00238.x

47.	 Wichmann J, Wolvaardt JE, Maritz C, et al. Association between children’s household living conditions 
and eczema in the Polokwane area, South Africa. Health Place 2008;14(2):323-335. https://doi.
org/10.1016/j.healthplace.2007.08.002

https://vizhub.healthdata.org/gbd-compare/
https://vizhub.healthdata.org/gbd-compare/
https://doi.org/10.1088/1748-9326/aaa49d
https://doi.org/10.1016/j.envint.2018.02.033
https://doi.org/10.1016/j.envint.2018.02.033
http://doi.org/10.1016/
https://doi.org/10.1016/S2214-109X(20)30343-0
https://doi.org/10.1016/S2214-109X(20)30343-0
https://doi.org/10.1183/13993003.00698-2017
https://doi.org/10.1289/ehp.1205987
https://doi.org/10.1289/ehp.1205987
https://doi.org/10.1016/S0140-6736(18)32225-6
https://doi.org/10.1016/s2213-2600(14)70168-7
https://doi.org/10.1016/s2213-2600(14)70168-7
https://doi.org/10.2471/BLT.07.044529
https://doi.org/10.1371/journal.pone.0167656
https://doi.org/10.1371/journal.pone.0167656
https://doi.org/10.1183/09031936.00099511
https://doi.org/10.1183/09031936.00099511
https://doi.org/10.1093/bmb/ldw015
https://doi.org/10.1289/ehp236
https://doi.org/10.1016/S2542-5196(18)30140-2
https://doi.org/10.1016/S2542-5196(18)30140-2
https://doi.org/10.1016/j.ecoenv.2018.10.109
http://doi.org/10.1016/j.envpol.2015.12.022
https://doi.org/10.1007/s11111-017-0269-z
https://doi.org/10.1016/j.envres.2016.01.002
https://doi.org/10.1016/j.envres.2016.01.002
https://doi.org/10.1073/pnas.1900888116
https://doi.org/10.1016/S0140-6736(09)60951-X
https://doi.org/10.1016/S0140-6736(09)60951-X
https://doi.org/10.1016/j.worlddev.2018.05.016
http://www.statssa.gov.za/publications/P0318/P03182019.pdf
http://www.statssa.gov.za/publications/P0318/P03182019.pdf
https://doi.org/10.1177/2399654418778590
http://doi.org/10.17159/2413-3051/2017/v29i3a3310
http://doi.org/10.17159/2413-3051/2017/v29i3a3310
https://doi.org/10.17159/2413-3051/2017/v28i1a1635
https://doi.org/10.17159/2413-3051/2017/v28i1a1635
https://doi.org/10.1016/j.rser.2012.11.045
https://doi.org/10.1016/j.rser.2012.11.045
https://doi.org/10.1016/j.eneco.2018.08.005
https://doi.org/10.1080/23311886.2019.1697499
https://doi.org/10.1080/23311886.2019.1697499
https://doi.org/10.1177/0958305X17739475
https://doi.org/10.1016/j.egyr.2020.11.267
https://doi.org/10.1016/j.enpol.2016.03.005
https://doi.org/10.3390/ijerph16040550
https://doi.org/10.1016/j.erss.2019.04.007
https://doi.org/10.1016/j.erss.2019.04.007
https://doi.org/10.1186/s13104-017-2892-2
http://doi.org/10.2495/AIR150211
https://doi.org/10.7196/SAMJnew.7934
https://doi.org/10.1016/j.scitotenv.2015.06.136
https://doi.org/10.1186/1476-069x-13-32
https://doi.org/10.1186/1476-069x-13-32
https://doi.org/10.1016/j.envres.2017.03.008
https://doi.org/10.1016/s2542-5196(17)30134-1
https://doi.org/10.1111/j.1600-0668.2004.00238.x
https://doi.org/10.1111/j.1600-0668.2004.00238.x
https://doi.org/10.1016/j.healthplace.2007.08.002
https://doi.org/10.1016/j.healthplace.2007.08.002


728       August 2022  Vol. 112, No. 8b  

RESEARCH

48.	 Mdluli TN, Vogel CH. Challenges to achieving a successful transition to a low carbon economy in South 
Africa: Examples from poor urban communities. Mitig Adapt Strateg Glob Chang 2010;15(3):205-222. 
https://doi.org/10.1007/s11027-009-9195-4

49.	 Levin ME, Botha M, Basera W, et  al. Environmental factors associated with allergy in urban and 
rural children from the South African Food Allergy (SAFFA) cohort. J Allergy Clin Immunol 
2020;145(1):415-426. https://doi.org/10.1016/j.jaci.2019.07.048

50.	 Barnes B, Mathee A, Thomas E. The impact of health behaviour change intervention on indoor air 
pollution indicators in the rural North West Province, South Africa. J Energy South Afr 2011;22(3):35-44. 

51.	 Jafta N, Jeena PM, Barregard L, et al. Association of childhood pulmonary tuberculosis with exposure 
to indoor air pollution: A case control study. BMC Public Health 2019;19(1):275. https://doi.
org/10.1186/s12889-019-6604-9

52.	 Language B, Piketh S, Wernecke B, et  al. Household air pollution in South African low-income 
settlements: A case study. WIT Trans Ecol Environ 2016;207(1):227-236. https://doi.org/10.2495/
AIR160211

53.	 Adesina JA, Piketh SJ, Qhekwana M, et  al. Contrasting indoor and ambient particulate matter 
concentrations and thermal comfort in coal and non-coal burning households at South Africa 
Highveld. Sci Total Environ 2020;699:134403. https://doi.org/10.1016/j.scitotenv.2019.134403

54.	 Gumede PR, Savage MJ. Respiratory health effects associated with indoor particulate matter (PM2.5) in 
children residing near a landfill site in Durban, South Africa. Air Qual Atmos Health 2017;10(7):853-
860. https://doi.org/10.1007/s11869-017-0475-y

55.	 Shezi B, Jafta N, Asharam K, et  al. Predictors of urban household variability of indoor PM(2.5) in 
low socio-economic communities. Environ Sci Process Impacts 2020;22(6):1423-1433. https://doi.
org/10.1039/d0em00035c

56.	 World Health Organization. WHO air quality guidelines for particulate matter, ozone, nitrogen 
dioxide and sulfur dioxide: Global update 2005: Summary of risk assessment. Geneva: WHO, 
2006. https://apps.who.int/iris/bitstream/handle/10665/69477/WHO_SDE_PHE_OEH_06.02_eng.
pdf?sequence=1 (accessed 11 January 2021).

57.	 Shezi B, Wright CY. Household air pollution exposure and respiratory health outcomes: A narrative 
review update of the South African epidemiological evidence. Clean Air J 2018;28(1):43-56. http://doi.
org/10.17159/2410-972x/2018/v28n1a11

58.	 Hystad P, Duong M, Brauer M, et  al. Health effects of household solid fuel use: Findings from 11 
countries within the prospective urban and rural epidemiology study. Environ Health Perspect 
2019;127(5):57003. https://doi.org/10.1289/ehp3915

59.	 Norman R, Barnes B, Mathee A, et al. Estimating the burden of disease attributable to indoor air pollution 
from household use of solid fuels in South Africa in 2000. S Afr Med J 2007;97(8 Pt 2):764-771. 

60.	 Murray CJ, Ezzati M, Lopez AD, et  al. Comparative quantification of health risks: Conceptual 
framework and methodological issues. Popul Health Metr 2003;1(1):1. https://doi.org/10.1186/1478-
7954-1-1

61.	 Statistics South Africa. Census 2001. StatsSA, 2001. http://www.statssa.gov.za/?page_id=5095 
(accessed 9 February 2021).

62.	 Statistics South Africa. Community Survey 2007. StatsSA, 2007. http://www.statssa.gov.za/?page_
id=3914 (accessed 9 February 2021).

63.	 Statistics South Africa. Census 2011. StatsSA, 2011. http://www.statssa.gov.za/?page_id=3839 
(accessed 21 February 2021).

64.	 Shupler M, Godwin W, Frostad J, et  al. Global estimation of exposure to fine particulate matter 
(PM2.5) from household air pollution. Environ Internat 2018;120:354-363. https://doi.org/10.1016/j.
envint.2018.08.026

65.	 Cohen AJ, Brauer M, Burnett R, et al. Estimates and 25-year trends of the global burden of disease 
attributable to ambient air pollution: An analysis of data from the Global Burden of Diseases Study 
2015. Lancet 2017;389(10082):1907-1918. https://doi.org/10.1016/S0140-6736(17)30505-6

66.	 Burnett RT, Pope III CA, Ezzati M, et  al. An integrated risk function for estimating the global 
burden of disease attributable to ambient fine particulate matter exposure. Environ Health Perspect 
2014;122(4):397-403. http://doi.org/10.1289/ehp.1307049

67.	 West S, Bates M, Lee J, et al. Is household air pollution a risk factor for eye disease? Int J Environ Res 
Public Health 2013;10(11):5378-5398. https://doi.org/10.3390/ijerph10115378

68.	 Pillay-Van Wyk V, Msemburi W, Laubscher R, et al. Mortality trends and differentials in South Africa 
from 1997 to 2012: Second National Burden of Disease Study. Lancet Global Health 2016;4(9):e642-
653. https://doi.org/10.1016/s2214-109x(16)30113-9 

69.	 Bradshaw D, Pillay van Wyk V, et al. 2nd Comparative Risk Assessment for South Africa (SACRA2) 
highlights need to strengthen health promotion and surveillance. S Afr Med J 2022. (This issue) 

70.	 Dorrington R. Alternative South African mid-year estimates, 2013. Cape Town: Centre for Actuarial 
Research, University of Cape Town, 2013. http://www.care.uct.ac.za/sites/default/files/image_tool/
images/561/Downloads/Mono11.pdf (accessed 22 December 2020).

71.	 Ahmad OB, Boschi-Pinto C, Lopez AD, et al. Age standardisation of rates: A new WHO standard. 
Geneva: World Health Organization, 2001. 

72.	 Balakrishnan K, Ghosh S, Ganguli B, et al. State and national household concentrations of PM2.5 
from solid cookfuel use: Results from measurements and modeling in India for estimation of 
the global burden of disease. Environ Health 2013;12(1):77. https://doi.org/10.1186/1476-
069x-12-77

73.	 Rahut DB, Mottaleb KA, Ali A, et al. The use and determinants of solar energy by sub-Saharan African 
households. Internat J Sust Energ 2018;37(8):718-735. https://doi.org/10.1080/14786451.2017.1323897

74.	 Statistics South Africa. Energy and the poor: A municipal breakdown. StatsSA, 2018. http://www.
statssa.gov.za/?p=11181 (accessed 11 January 2021).

75.	 World Bank. Access to electricity (% of population) – South Africa. n.d. https://data.worldbank.org/
indicator/EG.ELC.ACCS.ZS?locations=ZA (accessed 11 January 2021).

76.	 Thom C. Use of grid electricity by rural households in South Africa. Energy Sust Dev 2000;4(4):36-43. 
https://doi.org/10.1016/S0973-0826(08)60262-8

77.	 Musango JK. Household electricity access and consumption behaviour in an urban environment: 
The case of Gauteng in South Africa. Energy Sust Dev 2014;23:305-316. https://doi.org/10.1016/j.
esd.2014.06.003

78.	 Institute of Health Metrics and Evaluation. GBD Compare Data Visualisation. IHME, 2021. http://
vizhub.healthdata.org/gbd-compare/ (accessed 11 January 2021). 

79.	 World Health Organization. Burden of disease from household air pollution for 2012. Geneva: 
WHO,  2018. https://www.who.int/airpollution/data/HAP_BoD_results_May2018_final.pdf (accessed 
11 January 2021).

80.	 World Health Organization. Household air pollution and health. Geneva: WHO, 2018. https://www.
who.int/news-room/fact-sheets/detail/household-air-pollution-and-health (accessed 12 January 2021).

81.	 World Health Organization. WHO indoor air quality guidelines: Household fuel combustion. Geneva: 
WHO, 2014. https://apps.who.int/iris/handle/10665/141496 (accessed 11 January 2021). 

82.	 Eze IC, Schaffner E, Fischer E, et al. Long-term air pollution exposure and diabetes in a population-
based Swiss cohort. Environ Int 2014;70:95-105. https://doi.org/10.1016/j.envint.2014.05.014

83.	 Paul LA, Burnett RT, Kwong JC, et  al. The impact of air pollution on the incidence of diabetes and 
survival among prevalent diabetes cases. Environ Int 2020;134:105333. https://doi.org/10.1016/j.
envint.2019.105333

84.	 	Yang B-Y, Qian Z, Li S, et al. Ambient air pollution in relation to diabetes and glucose-homoeostasis 
markers in China: A cross-sectional study with findings from the 33 Communities Chinese Health 
Study. Lancet Planet Health 2018;2(2):e64-e73. https://doi.org/10.1016/S2542-5196(18)30001-9

85.	 International Diabetes Federation. IDF Africa members: South Africa. IDF, 2020. https://idf.org/our-
network/regions-members/africa/members/25-south-africa.html (accessed 12 January 2021).

86.	 Salvi S. The silent epidemic of COPD in Africa. Lancet Glob Health 2015;3(1):e6-e7. https://doi.
org/10.1016/S2214-109X(14)70359-6

87.	 Buist AS, McBurnie MA, Vollmer WM, et al. International variation in the prevalence of COPD (the 
BOLD Study): A population-based prevalence study. Lancet 2007;370(9589):741-750. https://doi.
org/10.1016/S0140-6736(07)61377-4

88.	 Adeloye D, Basquill C, Papana A, et al. An estimate of the prevalence of COPD in Africa: A systematic 
analysis. COPD 2015;12(1):71-81. https://doi.org/10.3109/15412555.2014.908834

89.	 Arku RE, Brauer M, Duong M, et al. Adverse health impacts of cooking with kerosene: A multi-country 
analysis within the Prospective Urban and Rural Epidemiology Study. Environ Res 2020;188:109851. 
https://doi.org/10.1016/j.envres.2020.109851

90.	 Mortimer K, Balmes JR. Cookstove trials and tribulations: What is needed to decrease the burden 
of household air pollution? Ann Am Thorac Soc 2018;15(5):539-541. https://doi.org/10.1513/
AnnalsATS.201710-831GH

91.	 Van Gemert F, de Jong C, Kirenga B, et  al. Effects and acceptability of implementing improved 
cookstoves and heaters to reduce household air pollution: A FRESH AIR study. NPJ Prim Care Respir 
Med 2019;29(1):32. https://doi.org/10.1038/s41533-019-0144-8

92.	 Quansah R, Semple S, Ochieng CA, et al. Effectiveness of interventions to reduce household air pollution 
and/or improve health in homes using solid fuel in low-and-middle income countries: A systematic 
review and meta-analysis. Environ Int 2017;103:73-90. https://doi.org/10.1016/j.envint.2017.03.010

93.	 Yip F, Christensen B, Sircar K, et al. Assessment of traditional and improved stove use on household 
air pollution and personal exposures in rural western Kenya. Environ Int 2017;99:185-191. https://doi.
org/10.1016/j.envint.2016.11.015

94.	 Naz S, Page A, Agho KE. Household air pollution from use of cooking fuel and under-five mortality: 
The role of breastfeeding status and kitchen location in Pakistan. PLoS ONE 2017;12(3):e0173256. 
https://doi.org/10.1371/journal.pone.0173256

95.	 Das I, Pedit J, Handa S, et  al. Household air pollution (HAP), microenvironment and child health: 
Strategies for mitigating HAP exposure in urban Rwanda. Environ Res Lett 2018;13(4):045011. https://
doi.org/10.1088/1748-9326/aab047

96.	 Guyot G, Sherman MH, Walker IS. Smart ventilation energy and indoor air quality performance 
in residential buildings: A review. Energy Build 2018;165:416-430. https://doi.org/10.1016/j.
enbuild.2017.12.051

97.	 Broderick Á, Byrne M, Armstrong S, et al. A pre and post evaluation of indoor air quality, ventilation, 
and thermal comfort in retrofitted co-operative social housing. Build Environ 2017;122:126-33. https://
doi.org/10.1016/j.buildenv.2017.05.020

Accepted 2 March 2022.

https://doi.org/10.1007/s11027-009-9195-4
https://doi.org/10.1016/j.jaci.2019.07.048
https://doi.org/10.1186/s12889-019-6604-9
https://doi.org/10.1186/s12889-019-6604-9
https://doi.org/10.2495/AIR160211
https://doi.org/10.2495/AIR160211
https://doi.org/10.1016/j.scitotenv.2019.134403
https://doi.org/10.1007/s11869-017-0475-y
https://doi.org/10.1039/d0em00035c
https://doi.org/10.1039/d0em00035c
https://apps.who.int/iris/bitstream/handle/10665/69477/WHO_SDE_PHE_OEH_06.02_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/69477/WHO_SDE_PHE_OEH_06.02_eng.pdf?sequence=1
http://doi.org/10.17159/2410-972x/2018/v28n1a11
http://doi.org/10.17159/2410-972x/2018/v28n1a11
https://doi.org/10.1289/ehp3915
https://doi.org/10.1186/1478-7954-1-1
https://doi.org/10.1186/1478-7954-1-1
http://www.statssa.gov.za/?page_id=5095
http://www.statssa.gov.za/?page_id=3914
http://www.statssa.gov.za/?page_id=3914
http://www.statssa.gov.za/?page_id=3839
https://doi.org/10.1016/j.envint.2018.08.026
https://doi.org/10.1016/j.envint.2018.08.026
https://doi.org/10.1016/S0140-6736(17)30505-6
http://doi.org/10.1289/ehp.1307049
https://doi.org/10.3390/ijerph10115378
https://doi.org/10.1016/s2214-109x(16)30113-9
http://www.care.uct.ac.za/sites/default/files/image_tool/images/561/Downloads/Mono11.pdf
http://www.care.uct.ac.za/sites/default/files/image_tool/images/561/Downloads/Mono11.pdf
https://doi.org/10.1186/1476-069x-12-77
https://doi.org/10.1186/1476-069x-12-77
https://doi.org/10.1080/14786451.2017.1323897
http://www.statssa.gov.za/?p=11181
http://www.statssa.gov.za/?p=11181
https://data.worldbank.org/indicator/EG.ELC.ACCS.ZS?locations=ZA
https://data.worldbank.org/indicator/EG.ELC.ACCS.ZS?locations=ZA
https://doi.org/10.1016/S0973-0826(08)60262-8
https://doi.org/10.1016/j.esd.2014.06.003
https://doi.org/10.1016/j.esd.2014.06.003
http://vizhub.healthdata.org/gbd-compare/
http://vizhub.healthdata.org/gbd-compare/
https://www.who.int/airpollution/data/HAP_BoD_results_May2018_final.pdf
https://www.who.int/news-room/fact-sheets/detail/household-air-pollution-and-health
https://www.who.int/news-room/fact-sheets/detail/household-air-pollution-and-health
https://apps.who.int/iris/handle/10665/141496
https://doi.org/10.1016/j.envint.2014.05.014
https://doi.org/10.1016/j.envint.2019.105333
https://doi.org/10.1016/j.envint.2019.105333
https://doi.org/10.1016/S2542-5196(18)30001-9
https://idf.org/our-network/regions-members/africa/members/25-south-africa.html
https://idf.org/our-network/regions-members/africa/members/25-south-africa.html
https://doi.org/10.1016/S2214-109X(14)70359-6
https://doi.org/10.1016/S2214-109X(14)70359-6
https://doi.org/10.1016/S0140-6736(07)61377-4
https://doi.org/10.1016/S0140-6736(07)61377-4
https://doi.org/10.3109/15412555.2014.908834
https://doi.org/10.1016/j.envres.2020.109851
https://doi.org/10.1513/AnnalsATS.201710-831GH
https://doi.org/10.1513/AnnalsATS.201710-831GH
https://doi.org/10.1038/s41533-019-0144-8
https://doi.org/10.1016/j.envint.2017.03.010
https://doi.org/10.1016/j.envint.2016.11.015
https://doi.org/10.1016/j.envint.2016.11.015
https://doi.org/10.1371/journal.pone.0173256
https://doi.org/10.1088/1748-9326/aab047
https://doi.org/10.1088/1748-9326/aab047
https://doi.org/10.1016/j.enbuild.2017.12.051
https://doi.org/10.1016/j.enbuild.2017.12.051
https://doi.org/10.1016/j.buildenv.2017.05.020
https://doi.org/10.1016/j.buildenv.2017.05.020

