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Abstract: Emerging evidence suggests a possible link between exposure to household air pollution
(HAP) from a reliance on polluting solid fuels (SFs) (e.g., wood and charcoal) for cooking and high
blood pressure. As part of the CLEAN-Air(Africa) project, we measured the blood pressure among
350 cooks in Obuasi Municipality, Ghana after 24 h exposure to particulate matter (PM2.5) from the
combustion of either solid fuels (n = 35) or liquefied petroleum gas (LPG) (n = 35). Multinomial
regression models were used to describe the relationship between different stages of blood pressure
(mmHg) and the respondents’ main fuel type used, adjusting for key covariates. A linear regression
model was used to describe the relationship between personal exposure to PM2.5 and the respondent’s
systolic as well as diastolic blood pressure, adjusting for key covariates. Blood pressure was higher in
cooks using SFs for cooking than in those using LPG. A significant exposure–response relationship
was not observed between increasing exposure to PM2.5 and increasing blood pressure (systolic:
β = −2.42, 95% CI: −8.65, 3.80, p-value = 0.438, and diastolic: β = −0.32, 95% CI: −5.09; 4.45,
p-value = 0.893).

Keywords: fine particulate matter; PM2.5; exposure assessment; LPG; solid fuels; blood pressure;
Ghana

1. Introduction

Globally, almost three billion people still use solid fuels (SFs) for cooking and heat-
ing [1]. Household air pollution (HAP) is the second leading environmental cause of
burden of disease in low- and middle-income countries (LMICs), responsible for an es-
timated 3.8 million premature deaths annually [2,3]. Exposure to elevated levels of fine
particulate matter (PM2.5) (a key constituent of HAP) is causally related to acute lower
respiratory infection (ALRI) in children and lung cancer, ischemic heart disease, stroke,
diabetes, tuberculosis and chronic obstructive pulmonary disease (COPD) in adults [2–4].
Emerging evidence also suggests that exposure to HAP can contribute to high blood pres-
sure (HBP), a precursor to cardiovascular disease and a leading risk factor for mortality and
morbidity globally [5]. The prevalence of hypertension has increased in recent years [6]
and is predicted to rise to 60% of all adults globally in 2025 [7]. Several studies have
shown hypertension to be a widespread problem in Sub-Saharan Africa (SSA), with an
estimated 10 to 20 million out of a total population of 650 million experiencing hypertensive
symptoms [8]; some countries have reported rates as high as 33% in adults aged 44 years
or more [9]. A study of Ghanaian adults aged 15 years and older found a prevalence rate
of 2.8% to 67.5% [10]. Although heredity and lifestyle factors are major factors associated
with high blood pressure, environmental factors such as exposure to air pollution can also
increase blood pressure through the disruption of blood vessels [11].
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In Ghana, almost 70% of households rely on solid fuels (33.3% on wood and 34.1%
on charcoal) for cooking, with one-quarter (25%) using LPG as a primary cooking fuel,
mostly in urban areas [12]. Ghana has stated a target of 50% access to LPG by 2030 and
has proposed a Cylinder Recirculation Model, a program that seeks to ensure safety and
accessibility to LPG as a cleaner fuel [13]. Given that LPG use reduces exposure to PM2.5, it
lends more weight to the urgent need to scale up the transition to clean fuels for domestic
energy to enhance potential health benefits such as a reduction in blood pressure. A better
understanding of the relationship between cooking with LPG and blood pressure in real-life
settings can provide critical evidence to stakeholders about the substantial health benefits
of the adoption of clean fuels. The main objective of the current paper was to elucidate
the health (blood pressure) benefits or detriments associated with different fuels using
different groups (polluting SFs and LPG for cooking) and exposure to HAP (PM2.5) in a
peri-urban community in Obuasi, Ghana. The Obuasi area is currently transitioning to the
Cylinder Recirculation Model described above. The study takes advantage of the in-depth
evaluation of both objectively measured PM2.5 and blood pressure as part of a program
providing evidence for facilitating the transition to clean cooking with LPG in Ghana (the
CLEAN-Air(Africa) project: www.cleanairafrica.com (accessed on 15 August 2021)).

2. Methods
2.1. Study Design and Settings

CLEAN-Air(Africa) included a cross-sectional survey carried out in 2019 among
2000 households in the Obuasi Municipality located in the southern part of the Ashanti
Region, Ghana. Gold mining and its associated activities are the main economic activities
in the study area, with a total population of 165,052 (living in 41,312 households). The
population predominantly uses charcoal for cooking (48.6%), while LPG (27.2%) and wood
(7.4%) are also used [14]. The site was chosen for the CLEAN-Air(Africa) project due to
the implementation of a pilot for the Cylinder Recirculation Model (CRM) for LPG in the
county, for which CLEAN-Air(Africa) is conducting evaluative research.

2.2. Study Respondents and Sampling Procedure

Compounds were randomly selected from the Obuasi Municipal Assembly database to
recruit 2000 respondents for a census survey from July to September 2019. More information
on the census survey population is available elsewhere [15]. During the two-month period
(November to December 2019), return household visits were made to 350 primary cooks
selected based on stratified random sampling according to reported primary cooking fuel
(50% LPG primary users and 50% solid fuel (charcoal and/or wood) exclusive users) from
the census survey [16]. Primary users of LPG were defined as those respondents who
predominantly used the fuel for cooking (the main cooking fuel) and exclusive SF users
were defined as those respondents who exclusively cooked with SFs.

2.3. Sample Size Calculation

A sample size of 350 respondents was deemed appropriate for the follow-up surveys
based on a 35% prevalence of hypertension, a 95% confidence and 80% power (based on
previous work in Nigeria) [17]; 163 primary cooks were required in each fuel-use group to
detect a difference of 0.31. Adjusting for an 8% non-response rate, 175 respondents were
required in each fuel-use group.

These selected respondents each received a more detailed survey on household socio-
economic characteristics, cooking fuel usage patterns and self-reported health assessments,
as well as blood pressure and body mass index (BMI) measurements. Face-to-face inter-
views were employed for all surveys, which were completed on tablets using REDCap
(Research Data Capture) software [18]. Blood pressure was measured three times for each
participant using an Omron M7 intelli IT 360 upper arm blood pressure monitor. Blood
pressure was first measured (using standardized methods) at the start of the survey, the
second measurement was taken midway through the survey and the third measurement
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was taken at the end of the survey to ensure a minimum time of one minute between blood
pressure measurements within the same day [19].

2.4. Household Air Pollution Exposure Assessment

In assessing the required sample size for comparative analysis of exposure to PM2.5, we as-
sumed a mean of 250 µg/m3 ± 125 µg/m3 in SF users and a mean of 175 µg/m3 ± 87.5 µg/m3

(equivalent to a 30% reduction) or lower in primarily LPG-using homes, with a signif-
icance of 5% and power of 80%. This yielded a sample size of 33 per group; allowing
for approximately 20% refusals and lost data, a total of 40 per group (combined total of
80) were required. A random subset of 35–40 households from each fuel group was thus
randomly selected to receive 24 h HAP kitchen and personal exposure measurements
during a subsequent visit in January–May 2020.

Gravimetric measurements of PM2.5 were carried out using MicroPEMs (Research
Triangle Institute (RTI), Research Triangle, North Carolina, USA) to represent kitchen
concentrations and personal exposure over a 24 h period. For kitchen measurements, the
MicroPEMs were placed on a stand 1.5 m above ground level and approximately 1 m away
from the stove in a location that would not interfere with cooking. Personal monitoring
included placement of the MicroPEM in a specially designed sling near the breathing zone
of the participant to be worn except when bathing or sleeping (the monitor was placed
on a table nearby). Activity level and protocol-wearing compliance were also monitored
simultaneously through an on-board accelerometer. Pre-weighted filters were used before
deployment. Trained fieldworkers deployed the monitors and downloaded PM2.5 data.
The monitors were calibrated before redeployment in another household. RTI processed
the PM2.5 data using a proprietary SAS script to validate the real-time data and flagged
data files with parameters outside of predetermined acceptable ranges. Flagged data files
were manually inspected for potential hardware malfunctions or improper settings. The
monitoring was repeated for households with flagged data.

2.5. Covariates

Socio-demographic characteristics such as the respondent’s age, educational status,
average household income and household size were collected via an in-depth survey at the
same time as blood pressure measurements were taken. The survey included questions
about cooking location, time spent cooking, active smoking, exposure to secondhand
smoke, average heart rate (average of three heart rate recordings), known hypertensive
status (derived from a question of whether a medical doctor informed the respondents
that they had hypertension), heating device used by the household and other energy used
for lighting. BMI was grouped into four categories: underweight (BMI < 18.5), normal
(BMI ≥ 18.5 and BMI < 25), overweight (BMI ≥ 25 and BMI < 30) and obese (BMI ≥ 30).
Weight and height were measured using a seca mechanical personal scale placed on a
flat ground surface and a stadiometer, respectively. Following completion of the survey
and all physical measurements, all respondents were advised on good lifestyle choices to
promote health maintenance of blood pressure, and respondents with HBP were referred
to a health facility.

2.6. Analysis

Systolic and diastolic blood pressure measurements used in epidemiological models
were calculated by averaging the three readings recorded during the survey. Average
systolic and diastolic blood pressure were categorized based on WHO classification into the
following categories: normal (systolic blood pressure (SBP) < 120 mmHg and diastolic blood
pressure (DBP) < 80 mmHg), pre-hypertension (SBP within the range of 120–139 mmHg
or DBP within the range of 80–89 mmHg), stage one hypertension (SBP within the range
of 140–199 mmHg or DBP within the range of 90–99 mmHg) and stage two hypertension
(SBP ≥ 160 mmHg or DBP ≥ 100 mmHg) [19]. A multinomial logistic regression model
was used to model the categorized blood pressure measurement to assess the relationship
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between a respondent’s blood pressure stage and the primary fuel type used. A binary
indicator of SFs versus LPG was explored as the main explanatory variable. Subsequently,
two linear regression models were fitted in the exposure–response relationship to assess
the relationship between respondents’ systolic and diastolic blood pressure levels and their
exposure to PM2.5.

Due to the skewed nature of the PM2.5 measurements, data were log-transformed.
In models assessing the relationship between blood pressure and PM2.5 exposure and
kitchen concentrations, potential confounding variables including primary cook age group,
occupation, income level, active smoking, exposure to secondhand smoke, self-reported
time spent cooking in hours, cooking location, heating device used by the household and
energy used for lighting were explored. Any factors found to be significant in the univariate
model were adjusted for the multivariable model.

3. Results
3.1. Overall Demographics

A total of 350 (177 SF users and 173 LPG users) respondents were enrolled in the study.
The majority of the primary cook respondents were female (97.4%). The average age of
the respondents was thirty-five years, ranging from eighteen to seventy-two years. The
majority (60.0%) of the respondents were married. Approximately 71.7% of the household
heads earned regular income as opposed to being paid in kind. Nearly one-third (30.1%)
of the household heads earned below the minimum average monthly income of GHC213
(USD 36.6)*. Most (55.4%) of the respondents owned their own businesses. More than 87.7%
of the respondents had a formal education (Table 1). The average BMI was 28.2 kg/m2

(SD: 5.5), ranging from 15.8 kg/m2 to 51.0 kg/m2. Over one-third (37.4%) of the enrolled
respondents were overweight. More than 63% of the respondents used their veranda or
covered porch to conduct their cooking activities. Approximately 10% of the respondents
had a history of hypertension and none of the respondents had ever smoked; however, 5%
of the respondents consumed alcohol. Approximately 21.7% were limited when performing
a vigorous activity such that 40% were not enthused to carry out their daily activities. The
average heart rate reading was 80.6 bpm (SD: 11.1), ranging from 45.7 bpm to 141.7 bpm.

3.2. PM2.5 Concentration by Fuel Type

The geometric mean (GM) concentration of personal exposure to PM2.5 among the
respondents was 54.4 µg/m3 (95% CI: 44.3–67.4 µg/m3) compared with a GM kitchen con-
centration of PM2.5 of 54.9 µg/m3 (95% CI: 43.9 µg/m3; 69.6 µg/m3). PM2.5 concentrations
in the kitchens of SF users were higher, 72.3 µg/m3 (95% CI: 52.7 µg/m3; 99.3 µg/m3), com-
pared with those measured in the kitchens of LPG users, 51.9 µg/m3 (95% CI: 39.2 µg/m3;
68.8 µg/m3). The GM of personal PM2.5 exposure among primary SF users was 65.6 µg/m3

(95% CI: 52.2 µg/m3; 83.5 µg/m3), and LPG users were exposed to 45.9 µg/m3 (95% CI:
33.3 µg/m3; 65.1 µg/m3) (Figure 1).

3.3. Average Systolic and Diastolic Blood Pressure

The average systolic blood pressure of the respondents was found to be 117.9 mmHg
(SD: 15.8), and this ranged from 86.0 mmHg to 185.0 mmHg. Average diastolic blood
pressure was 78.0 mmHg (SD: 11.7), ranging from 53.0 mmHg to 115.7 mmHg. The average
(standard deviation, SD) systolic blood pressure among SF users was 119.6 (±17.1) mmHg
compared with 116.1 (±14.2) mmHg among LPG users, and the difference was found to
be statistically significant (p-value = 0.0194). The average (SD) diastolic blood pressure
was 78.5 (±12.4) mmHg for SF users compared with 77.5 (±11.0) mmHg among LPG
users. Although the diastolic blood pressure for SF users was high, the difference was not
statistically significant (p-value = 0.212) (Figure 2).
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Table 1. Description of respondents’ basic demographic characteristics.

Characteristics Fuel Type Total

SFs
n (%)

LPG
n (%) n (%)

Sex
Female 175 (98.9) 166 (96.0) 341 (97.4)
Male 2 (1.1) 7 (4.1) 9 (2.6)

Age group
18–30 years 67 (37.8) 69 (39.9) 136 (38.9)
31–40 years 56 (31.6) 66 (38.2) 122 (34.9)
>40 years 54 (30.5) 38 (22.0) 92 (26.3)

Marital status
Married 101 (57.1) 109 (63.0) 210 (60.0)
Unmarried 76 (42.9) 64 (37.0) 140 (40.0)

Household head regular cash income
Yes 124 (70.1) 127 (73.4) 251 (71.7)
No 53 (29.9) 46 (26.6) 99 (28.3)

Household average monthly income *
<GH500 (USD 82) 68 (38.4) 41 (23.7) 109 (31.1)
GH501–1000 (USD 82–172) 55 (31.1) 55 (31.8) 110 (31.4)
>GH1000 (USD 172) 36 (20.3) 65 (37.6) 101 (28.9)
Don’t know 18 (10.1) 12 (6.9) 30 (8.6)

Primary cook occupation
Farming 34 (19.2) 9 (5.2) 43 (12.3)
Employed 12 (6.8) 27 (15.6) 39 (11.1)
Own business 92 (52.0) 102 (59.0) 194 (55.4)
Unemployed 37 (20.9) 31 (17.9) 68 (19.4)
Other 2 (1.1) 4 (2.3) 6 (1.7)

Educational status
Informal education 31 (17.5) 12 (6.9) 43 (12.3)
Formal education 146 (82.5) 161 (93.1) 307 (87.7)

Cooking location
In main house: no separate room 4 (2.3) 7 (4.1) 11 (3.1)
In main house: separate room 23 (13.0) 42 (24.3) 65 (18.6)
Outside main house: in separate room 10 (5.7) 2 (1.2) 12 (3.4)
Outside main house: open air 32 (18.1) 7 (4.1) 39 (11.1)
On veranda or covered porch 108 (61.0) 115 (66.5) 223 (63.7)

BMI category (kg/m2)
Underweight (BMI < 18.5) 4 (2.3) 1 (0.6) 5 (1.4)
Normal (BMI ≥ 18.5–< 25) 60 (33.9) 37 (21.4) 97 (27.7)
Overweight (BMI ≥ 25–<30) 58 (32.8) 70 (40.5) 128 (36.6)
Obese (BMI ≥ 30) 52 (29.4) 60 (34.7) 112 (32.0)
Missing 3 (1.7) 5 (2.9) 8 (2.3)

Physically active
Yes 94 (53.1) 111 (64.2) 205 (58.6)
No 83 (46.9) 62 (35.8) 145 (41.4)

Emotionally stressed
Yes 162 (91.5) 160 (92.5) 322 (92.0)
No 15 (8.5) 13 (7.5) 28 (8.0

History of known hypertension status
Yes 21 (11.9) 13 (7.5) 34 (9.7)
No 156 (88.1) 160 (92.5) 316 (90.3)

Prevalence of heart disease
Yes 2 (1.1) 5 (2.9) 7 (2.0)
No 175 (98.9) 168 (97.1) 343 (98.0)

Currently consumed alcohol
Yes 9 (5.1) 9 (5.2) 18 (5.1)
No 168 (94.9) 164 (94.8) 332 (94.9)

Does a household member smoke cigarettes?
Yes 9 (5.1) 6 (3.5) 15 (4.3)
No 168 (94.9) 167 (96.5) 335 (95.7)

Average heart rate (mean; min–max) (bpm) 80.8 (55.3–113.3) 80.5 (45.7–
141.7)

80.6
(45.7–141.7)

* https://www.bog.gov.gh/treasury-and-the-markets/historical-interbank-fx-rates/; date accessed: 10 July 2021.

https://www.bog.gov.gh/treasury-and-the-markets/historical-interbank-fx-rates/
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Per the study classification of BP measurements according to WHO guidance, the
overall prevalence of normal blood pressure was 175 (50.0%), and that of severe or stage two
hypertension was 17 (4.9%). The prevalence of normal blood pressure, pre-hypertension,
and stage one and stage two hypertension was 52.6%, 42.9%, 56.4% and 70.6% among SF
users compared with 47.4%, 57.1%, 43.6% and 29.4% among LPG users, respectively. This
difference was, however, not statistically significant (p-value = 0.095).

3.4. Relationship between Type of Fuel Use and Blood Pressure

In the univariate multinomial model, the log odds of an LPG user being pre-hypertensive
versus being normal were 0.39 (95% CI: −0.8; 0.086, p-value = 0.102) higher. The log odds
of an LPG user being a stage one and stage two hypertensive versus normal were 0.15
(95% CI: −0.85; 0.54, p-value = 0.664) and 0.77 (95% CI: −1.85; 0.31, p-value = 0.163) lower,
respectively. There was, however, no statistical relationship between the type of fuel use
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and any stage of one’s blood pressure. In the final model, the respondents’ BMI, age,
marital status, physical activities (such as vigorous activity, ability to climb stairs, inability
to walk more than 1 km and being asked to reduce work), emotional state (such as feeling
down), prevalence of heart disease, prevalence of alcohol consumption and average heart
rate were adjusted for. The respondents’ marital status, BMI, age and alcohol consumption
were found to be statistically associated with the stage of hypertension in the presence of
fuel use (Table 2).

Table 2. Association between fuel use and blood pressure.

Outcome per Fuel Type Coefficient (mmHg) 95% CI p-Value

Model 1

Pre-hypertension

SFs Reference

LPG 0.28 −0.23; 0.79 0.279

Model 2

Stage one hypertension

SFs Reference

LPG −0.24 −1.02; 0.53 0.542

Model 3

Stage two hypertension

SFs Reference

LPG −0.76 −1.97; 0.44 0.215
Note: The results presented are adjusted for the respondents’ BMI, age, marital status, physical activity, emotions,
prevalence of heart disease, prevalence of alcohol consumption and average heart rate.

3.5. Exposure–Response Relationship between PM2.5 Exposure and Blood Pressure

Univariate models did not demonstrate an association between personal PM2.5 ex-
posure and systolic nor diastolic blood pressure (SBP: −2.04 mmHg, 95% CI: −7.24; 3.16,
and DBP: −1.10 mmHg, 95% CI: −5.05; 2.85). Adjusting for important factors, there was
no significant association between systolic blood pressure and personal exposure to PM2.5
(systolic: −2.42 mmHg, 95% CI: −8.65, 3.80, and diastolic: −0.28 mmHg, 95% CI: −5.04,
4.48). However, there was a significant increase in both systolic and diastolic blood pressure
as the ages of the respondents increased: 0.87 mmHg, 95% CI: 0.32, 1.42, and 0.68 mmHg,
95% CI: 0.26, 1.10, respectively (Table 3).

Table 3. Relationship between systolic and diastolic blood pressure (mmHg) and PM2.5 (µg/m3)
adjusting for important covariates.

Model Coefficient
(mmHg)

95% CI
(mmHg) p-Value

Systolic blood pressure

Adjusted Log (PM2.5) −2.42 −8.65; 3.80 0.438 *

Diastolic blood pressure

Adjusted Log (PM2.5) −0.28 −5.04; 4.48 0.960 *
Note: * Adjusting for primary cook occupation, average income, age, BMI, average hours spent in the kitchen,
cooking location, household size and other sources of power.

4. Discussion

This study examined the association between personal exposure to PM2.5 and blood
pressure (systolic and diastolic) among 350 adults in Ghana. Our results showed that
personal exposure to household air pollution (PM2.5) was higher in primary cooks using
solid fuels (geometric mean (GM) = 69 µg/m3 (range 15.3 µg/m3 to 234.4 µg/m3)) than
in those using LPG as a primary cooking fuel (GM = 51.4 µg/m3 (range 5.2 µg/m3 to
232.6 µg/m3)). While this finding agrees with a variety of previous studies that found
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that SF use compared with LPG produces higher 24 h PM2.5 among primary cooks and
kitchens [20–23], the comparatively high PM2.5 level of 51.4 µg/m3 observed among LPG
users in this study remains a concern. Given the smaller size of the study community and
the predominant use of solid fuels among the households, however, it is plausible that this
scenario could be explained by residual emissions from neighboring households that relied
on solid fuels for cooking. It is equally likely that the so-called ‘fuel stacking’ practices,
as described in previous studies [24–26] together with other environmental sources of
PM2.5 such as trash burning may have also increased the exposure levels to PM2.5 even
among households with clean fuels [27,28]. Regarding the association between household
air pollution and the categories of blood pressure as defined by the National High Blood
Pressure Education Program [29], we found no suggestive statistical relationship between
the type of fuel use and any of the stages [20,30]. Our results showed that the risk of an
LPG user becoming pre-hypertensive versus having a normal blood pressure was 0.59 (95%
CI: 0.31; 0.52, p-value = 0.102). Again, the risk of an LPG user being a stage one and stage
two hypertensive versus normal was 0.54 (95% CI: 0.29; 0.63, p-value = 0.664) and 0.68 (95%
CI: 0.13; 0.58, p-value = 0.163), respectively.

Moreover, our analysis among a subgroup of respondents based on increasing age
also showed a significant association with systolic blood pressure (β = 0.87, 95% CI: 0.32,
1.42, p-value = 0.002). This finding is supported by earlier work performed among adult
females 40 years or older in which a unit increase in natural log-transformed kitchen PM2.5
concentration was associated with approximately 5.2 mmHg higher systolic blood pressure
(95% CI, 2.3 to 8.1) [31,32].

While the clinical implication of this finding is clear, i.e., high exposures to HAP
may increase blood pressure levels among older subgroups, it may also have significant
social policy implications for developing countries such as Ghana, where senior females
under the extended family arrangement actively participate in regular cooking activities,
while younger females may be engaged in economic activities outside of the home. In
addition to the emerging evidence regarding the age modification effect of the associations
between polluting fuel use and blood pressure, it is widely recognized that solid fuel use
increases the odds of high blood pressure compared with the use of clean fuels. A study
in Thailand revealed that the prevalence of hypertension among SF users was 8% more
than among LPG users [33]. Another study in Peru discovered that people using SFs
had a higher risk of both pre-hypertension (OR = 5.0; 95% CI: 2.6–9.9) and hypertension
(OR = 3.5; 95% CI: 1.7–7.0) [34]. In Ghana, a study conducted in rural settings found that
adult females who received improved-combustion biomass-burning BioLite HomeStoves
(BioLite Inc., Brooklyn NY) or two-burner liquefied petroleum gas (LPG) stoves had lower
post-intervention systolic blood pressure (−2.1 mmHg, 95% CI: −6.6, 2.4) compared with
controls but not higher diastolic blood pressure (−0.1 mmHg, 95% CI: −3.2, 3.0) [35],
possibly due to low levels of ambient air pollution. Similarly, a cross-sectional study among
147 adult females living in rural Honduras reported a unit increase in natural log PM2.5
concentration was associated with 2.5 mmHg higher systolic blood pressure (95% CI: 0.7
to 4.3) [31]. Taken together, the findings from this study are expected to strengthen the
existing evidence in the literature suggesting that detectable health gains can be achieved
at reduced PM2.5 concentration levels that remain above WHO provisional recommended
exposure levels of 35 µg/m3.

One of the limitations of the study was the short-term effects of household air pol-
lutants on the development of high BP, although there were associations between blood
pressure and PM2.5. As 24 h measurements of PM2.5 and blood pressure were not measured
during the same household visit in this study, there was the possibility of confounding
by time-varying factors. However, we assumed that relative intra-individual BP variabil-
ity would be minimal within the approximate three-month window period. Second, a
small sample of PM2.5 measurements was taken due to logistical constraints and may have
influenced the evidence of an association between hypertension and PM2.5 towards the
null. A larger sample size should be considered for future studies. Third, even though
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we considered a number of potential covariates in this study, other covariates such as
dietary factors, genetic factors and environmental exposures that may also be risks for
hypertension were not measured.

5. Conclusions

In this real-life setting, higher levels of PM2.5 were found in solid fuel users as com-
pared with LPG users, and there was no significant association between BP and PM2.5
exposure or used stove type. We recommend more interventions to reduce household
air pollution.
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