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• Seasonal PM2.5 exposure and blood pres-
sure (BP) were measured in field.

• Mosquito coil use was associated with
20.9 μg/m3 higher PM2.5 exposure.

• The clean fuel transition is benefit to
lower PM2.5 exposure and BP.

• Decreased BP in summer is owing to lower
PM2.5 exposure and higher temperature.
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High blood pressure associated with PM2.5 exposure is of great concern, especially for rural residents exposed to high
PM2.5 levels. However, the impact of short-term exposure to high PM2.5 on blood pressure (BP) has not been well elu-
cidated. Thus, this study aims to focus on the association between short-term PM2.5 exposurewith BP of rural residents
and its variation between summer and winter. Our results showed that the summertime PM2.5 exposure concentration
was 49.3 ± 20.6 μg/m3, among which, mosquito coil users had 1.5-folds higher PM2.5 exposure than non-mosquito
coil users (63.6 ± 21.7 vs 43.0 ± 16.7 μg/m3, p < 0.05). The mean systolic and diastolic BP (SBP and DBP, respec-
tively) of rural participants were 122 ± 18.2 and 76.2 ± 11.2 mmHg in summer, respectively. The PM2.5 exposure,
SBP, andDBP in summerwere 70.7 μg/m3, 9.0mmHg, and 2.8mmHg lower than that in winter, respectively. Further-
more, the correlation between PM2.5 exposure and SBP was stronger in winter than that in summer, possibly due to
higher PM2.5 exposure levels in winter. The transition of household energy from solid fuels in winter to clean fuels
in summer would be benefit to the decline of PM2.5 exposure as well as BP. Results from this study suggested that
the reduction of PM2.5 exposure would have positive effect on human health.
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1. Introduction

Solid fuels are extensively used in rural China, accounting for 41.1 %
and 84.9 % of residential cooking and heating fuels, respectively (Tao
et al., 2018). The inefficient combustion of solid fuels in rural households
can yield large quantities of air pollutants (e.g., PM2.5, particles with aero-
dynamic diameter equal to or <2.5 μm), resulting in serious household air
pollution and threatening human health (Li et al., 2018; Huang et al.,
2022; Wu et al., 2022a). For example, Du et al. (2018) reported that
PM2.5 concentrations monitored in rural kitchen and bedroom associated
with solid fuel combustion ranged from 62 to 1944 μg/m3 and from 63 to
2334 μg/m3, respectively. As a result, rural residents had relatively high
PM2.5 exposure levels, which were in the range of 30 to 600 μg/m3 and
were generally calculated by time-weighted method. Yun et al. (2020) esti-
mated that PM2.5 emission from rural residential sector was 2.4 terrogram
(Tg) in 2014, which accounted for 20.9 % of total primary PM2.5 emission
and caused 6.4 million premature deaths in China.

High blood pressure (BP) is a strong risk factor for cardiovascular dis-
ease, stroke, and coronary artery disease (Warren et al., 2017; GBD 2019
Risk Factors Collaborators, 2020), resulting in 10.8 million premature
deaths globally in 2019, accounting for 19.2 % of the total deaths (GBD
2019 Risk Factors Collaborators, 2020). The influences of PM2.5 exposure
on BP have been revealed by both animal and epidemiological studies
(Hoffmann et al., 2012; Liang et al., 2014; Chang et al., 2015). Some
previous studies have confirmed that PM2.5 exposure is associated
with the increase of BP (Chang et al., 2015; Lin et al., 2017; Du et al.,
2021), possibly due to sympathetic nervous system activation and vas-
cular dysfunction attributable to PM2.5 exposure (Brook et al., 2010).
However, some inconsistent results that PM2.5 exposure has minor influ-
ence on BP have also been reported (Smargiassi et al., 2014; Chu et al.,
2018; Hu et al., 2018; Ren et al., 2019), resulting in large uncertainty in
association between PM2.5 exposure and BP, which calls for more eval-
uation to address this issue.

In previous studies, ambient PM2.5 data is widely adopted to investigate
the short-term health effects associated with PM2.5 exposure (Xu et al.,
2020; Hu et al., 2022; Wu et al., 2022b). However, ambient PM2.5 concen-
tration can hardly represent personal PM2.5 exposure since people usually
spend most of their time indoors, where air pollution generally differs
largely from ambient air pollution (Ren et al., 2019; Chan et al., 2021; Li
et al., 2021). To date, there are few studies on short-term personal PM2.5 ex-
posure and its association between BP, and most of which are conducted in
urban area where PM2.5 exposure is relatively low (Chan et al., 2021; Van
Nunen et al., 2021; Oh et al., 2022). Even less studies have focused on the
association between short-term PM2.5 exposure and BP in highly polluted
rural areas (Chen et al., 2020; Du et al., 2021). Available studies have re-
vealed the important impact of PM2.5 exposure on BP of rural residents.
For example, Chen et al. (2020) reported that PM2.5 exposure of rural resi-
dents was significantly positively correlated with their systolic blood pres-
sure (SBP) in Shanxi in winter, with per 10 μg/m3 increase of PM2.5

exposure led to 0.36 mmHg incremental SBP. In addition, personal PM2.5

exposure can vary substantially between seasons due to large differences
in seasonal household PM2.5 pollution (Huang et al., 2022), which may af-
fect its impact on BP (Baumgartner et al., 2011); however, this has not been
well elucidated. Therefore, special attention should be paid on the associa-
tion between short-term high PM2.5 exposure with BP of rural residents as
well as its seasonal variation.

In this study, field campaigns were conducted to measure personal
PM2.5 exposure and BP of rural residents in Hunan Province, southern
China, in winter and summer. Personal PM2.5 exposure and its relationship
with BP during wintertime were discussed in our previous study (Du et al.,
2021), in which we emphasized the impact of the Chinese Spring Festival
on indoor PM2.5 pollution and BP. The main objectives of this study are
1) to investigate the PM2.5 exposure and BP of rural residents in summer;
2) to explore the impact of various influencing factors on summertime
PM2.5 exposure and BP; and 3) to insight into seasonal differences in
PM2.5 exposure, BP, and their relationships.
2

2. Materials and methods

2.1. Sampling site and information collected

The field sampling sites were located in rural Taojiang county, Hunan
Province, southern China. In Taojiang, a humid subtropical monsoon cli-
mate is often observed. Annual temperature here is 16.8 °C, with higher
temperatures of 22 °C to 33 °C in summer and lower temperatures of
−4 °C to 5 °C in winter (HNBS, 2021). The land use types of the sam-
pling sites are major of farmland, forest, and residential land. The sum-
mertime campaign was conducted during 20 to 27, July 2020, while was
during 12 to 20, January 2020 for wintertime campaign. The summer-
time campaign was a revisited study of the wintertime campaign.

Previous studies have revealed that personal exposure is determined by
various influencing factors including but not limited to indoor and outdoor
pollutant concentrations, ventilation, kitchen configuration, etc., among
which, pollutant concentrations and ventilation condition are frequently
studied (Hodas et al., 2016; Huang et al., 2017; Du et al., 2018). Therefore,
in this study, factors that affected air pollution levels including fuel type,
mosquito coil use, and family population, and factors that affected ventila-
tion condition including kitchen ventilation, the connection of kitchen and
living room, and window opening hours were selected. As for the influenc-
ing factors to BP, in addition to PM2.5 exposure, other frequently studied
influencing factors were also considered including gender, smoking activ-
ity, body weight index (BMI), education, and age (Baumgartner et al.,
2011; Pitchika et al., 2017; Wang et al., 2019). Face-to-face questionnaires
were used to record the above information (Table S1).

2.2. PM2.5 exposure and BP measurement

Residents volunteered to participate in the campaign were randomly se-
lected, and 98 rural residents were enrolled in summer campaign. Optical
PM2.5 samplers with 5-second resolution (Zefan Technol, China) were put in
kitchen and living room (1.5 m height, 1.0 m away from stoves and walls),
as well as outdoor (central of the yard) of rural homes to record real-time
PM2.5 concentrations. All PM2.5 samplers were calibrated using Synchronized
HybridAmbient Real-timeParticulate [SHARP] 5030monitor (Thermo Scien-
tific, Waltham, MA, USA) for at least 15 days prior to field sampling.

In this study, 24 h sampling was conducted to monitor household PM2.5

concentrations. After sampling, personal PM2.5 exposure concentration was
calculated based on time-weighted method by combining PM2.5 concentra-
tions in different microenvironments with the corresponding time that res-
idents spent in these microenvironments (see Eq. (1)).

PM2:5 exposure ¼ ∑
n¼3

i¼1
Ci� Ti=1440 (1)

where Ci represents the daily averaged PM2.5 concentrations in microenvi-
ronment i, and Ti is the time that residents spend in microenvironment i
(minutes). 1440 is the total time in a day (minutes).

The BP measurement was conducted at the same time with household
PM2.5 measurement for each resident. Omron upper arm electronic BP mon-
itors (model HEM-759-E; Omron Healthcare, Japan) were used to measure
BP, including SBP and diastolic blood pressure (DBP), following previous
methods (Yin et al., 2017; Chen et al., 2020). Three repeated measurements
were conducted within 10min in the right arm of residents who hadfinished
meals for over 1 h and rested for over 10 min, and the average values were
calculated as the final BP (Meier et al., 2014; Yin et al., 2017).

2.3. Data analysis

The generalized linearmodel (GLM)was applied to explore the relation-
ships between various influencing factors and PM2.5 exposure as well as BP.
The formulas were shown as below:

PM2:5 exposurei ¼ β1x1iþ β2x2iþ β3x3iþ β4x4iþ β5x5iþ β6x6i (2)
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where x1, x2, x3, x4, x5, and x6 represent family population size, cooking
fuel, mosquito coil combustion, the connection of kitchen and living
room, kitchen ventilation, and widow opening hour, respectively.

BPi ¼ β1y1iþ β2y2iþ β3y3iþ β4y4iþ β5y5iþ β6y6i (3)

where y1, y2, y3, y4, y5, and y6 represent PM2.5 exposure, smoking
activity, gender, BMI, age, and education, respectively.

Notably, the impacts of these influencing factors on PM2.5 exposure
and BP inwinterwere discussed in our previous study (Du et al., 2021). Fur-
thermore, the contribution of each influencing factor to total variances of
PM2.5 exposure and BP were estimated by dominance analysis. R Studio
(version 3.4.0) was used to perform the GLM and dominance analysis.
The Kolmogorov-Smirnov Z test and one-way ANOVA were adopted to
test the significances of influencing factors on different groups according
to data distribution in SPSS 21.0 (IBMCorp., NY, USA), the statistical signif-
icance level of 0.05 was adopted.

3. Results and discussion

3.1. Characteristics of rural participants

In summertime campaign, the majority of the participants were female,
which accounted for 58.0 % of total. The average age of participants was
61.7 ± 13.7, with 34.7 % of the participants were in the range of 50 to
60 years old. Most of the participants had education experience, and ele-
mentary education was the predominate education form (40.8 %), follow-
ing by junior and senior high school (23.5 % and 19.4 %, respectively).
The major population size of rural households investigated in this study
was two to three (71.2 %), and 6.1 % of total families had >5 people. The
BMI of enrolled residentswas 22.3±3.0 kg/m2with 25.5%of participants
were overweight (≥24 kg/m2 in Chinese criteria (Zhou, 2002)). Clean
fuels including liquid petroleum gas (LPG) and electricity were the major
residential cooking energies with a usage proportion of 79.0 %, while
solid fuels including fuel wood and coal accounted for 21.0 %.

As shown in Fig. 1a, the daily averaged PM2.5 exposure of rural partici-
pants in summer was 49.3 ± 20.6 μg/m3, and almost all the rural partici-
pants (99.0 %) failed to meet the PM2.5 air quality guideline level
suggested by World Health Organization (WHO, 2021), indicating high
PM2.5 exposure risk of rural residents. The mean SBP was 122 ±
18.2 mmHg with 12.2 % high-normal BP (prehypertension, see Fig. 1b),
and the mean DBP was 76.2 ± 11.2 mmHg with 25.5 % high-normal
BP (Fig. 1c). Furthermore, 18.4 % of participants had hypertension
(SBP≥ 140 mmHg and/or DBP ≥ 90 mmHg).
Fig. 1. The frequency distributions (histograms) and cumulative frequencies (black lines)
residents in summer campaign, respectively. The air quality guideline level and interi
Organization (WHO, 2021).
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3.2. Influencing factors

3.2.1. Variations in PM2.5 exposure under different influencing factors
As shown in Fig. 2, the PM2.5 exposure of residents using mosquito coil

was 63.6 ± 21.7 μg/m3, significantly higher than those did not use
(43.0 ± 16.7 μg/m3, p < 0.05, Table S2). Previous studies have revealed
that mosquito coil combustion can elevate indoor PM2.5 concentrations
due to its high PM2.5 emissions as well as long combustion time (Sinaga
et al., 2020; Huang et al., 2022). Results here indicated that serious health
threat of mosquito coil combustion and called for more attention on the
control of mosquito coil use. In previous studies, the importance of fuel
type on personal PM2.5 exposure has been often proposed (Gao et al.,
2009; Du et al., 2017; Deepthi et al., 2019). Of these studies, the use of
clean fuels, such as electricity and LPG, could alleviate household PM2.5

pollution and reduce personal PM2.5 exposure compared with traditional
solid fuels. However, in this study, no significant difference in PM2.5 expo-
sure was observed for residents using fuel wood, electricity, LPG, and coal
for cooking, which were 42.1 ± 9.8, 46.6 ± 19.7, 54.0 ± 37.8 and
58.7± 22.1 μg/m3, respectively (p > 0.05, Table S2). In summertime cam-
paign, residents spent only 1.7 h in the kitchen, resulting in relatively small
influence of cooking fuel on PM2.5 exposure. Furthermore, mosquito coil
use was recorded in 35.1 % of clean fuel users, higher than that of solid
fuel users (14.3 %), indicating that mosquito coil was more prevail in
clean fuel users. This further reduced the influence of fuel type on PM2.5 ex-
posure and resulted in relatively high PM2.5 exposure for clean fuel users.
Other influencing factors investigated in this study including household
population, the connection of kitchen and living room, kitchen ventilation,
and window opening hour had minor impacts on PM2.5 exposures of rural
residents in summer, as seen in Fig. 2 and Table S2 (p > 0.05).

Results from relative contribution analysis showed that window open-
ing hour contributed mostly to the variance of PM2.5 exposure in summer
(45 %), indicating the crucial influence of ventilation condition on PM2.5

exposure. Mosquito coil combustion contributed 29 % to total PM2.5 expo-
sure variance, highlighting the importance of mosquito coil use on personal
PM2.5 exposure again.

3.2.2. Variations in BP under various influencing factors
Results from the GLM showed that SBP of rural participants in summer

were positively correlated with age and BMI (p < 0.05) (Fig. 3 and Ta-
ble S3), indicating that elderly and overweight residents might suffer
from higher risk of high BP, which was consisted with previous studies
(Song et al., 2021; Ye et al., 2022). The higher prevalence of pre-existing
diseases for elderly people and the higher deposition rate of PM2.5 for over-
weight people made them more susceptible to PM2.5 exposure than others
of daily averages of PM2.5 exposure (a) and SBP (b) as well as DBP (c) of all enrolled
m targets of short-term exposure to PM2.5 in Fig. 1a is suggested by World Health



Fig. 2. The partial effects of investigated influencing factors on PM2.5 exposure (a–f), and (g) their proportions of the total variance of PM2.5 exposure in summer based on the
GLM together with the dominance analysis.
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(Song et al., 2021). Positive correlations were also observed between PM2.5

exposure and SBP as well as DBP, but the correlation was not significant
(p > 0.05). DBP of rural participants varied slightly under different influenc-
ing factors in summer (Fig. S1 and Table S4). Similar results were also re-
ported in previous studies (Auchincloss et al., 2008; Zhao et al., 2015;
Pangaribuan et al., 2019).

As shown in Fig. 3g, age was the predominant influencing factor which
contributed 50 % to the variance of SBP in summer, following by BMI with
a contribution of 28 %. As for the variance of DBP, the major contributors
were BMI and gender, which accounted for 28%and 27%of total variance,
respectively. PM2.5 exposure contributed 9 % to SBP variance, which was
higher than its contribution to DBP variance (4 %), suggesting that PM2.5

exposure had larger impact on SBP than DBP, which was consistent with
our results in winter campaign (Du et al., 2021).

3.3. Difference between summer and winter

3.3.1. PM2.5 exposure
The summertime PM2.5 exposure of rural participants was 49.3 ±

20.6 μg/m3, 59 % lower than that in winter (120 ± 49 μg/m3)
(p < 0.05), which was attributable to lower indoor and outdoor PM2.5 pol-
lution in summer (Huang et al., 2022). In our wintertime study, fuel type
was a significant influencing factor to PM2.5 exposure (Du et al., 2021),
while mosquito coil combustion significantly influenced summertime
PM2.5 exposure. However, previous studies always focused on the impact
of fuel type on PM2.5 exposure, while ignoring the influence of mosquito
coil use (Feng et al., 2021). In this study, the influences of household fuel
transition together with mosquito coil use on seasonal variations in PM2.5

exposure were compared (Fig. 4). As shown in Fig. 4, the fuel transition
from solid fuels in winter to clean fuels in summer (S-C group) and from
mixed fuels (both solid fuels and clean fuels) to clean fuels (M-C group)
had relatively higher seasonal differences in PM2.5 exposure (defined as
the winter PM2.5 exposure minus summer PM2.5 exposure of the same resi-
dents group) than other groups, which were 70.8 ± 24.1 and 63.5 ±
4

46.2 μg/m3, respectively, indicating that clean fuel transition was benefit
to decrease PM2.5 exposure. Previous studies have also revealed that clean
transition of household energy has considerable benefits not only for pollut-
ant emission reduction but also for human health protection (Sun et al.,
2019, 2022). For example, Sun et al. (2019) reported that the annual emis-
sion reduction of 15,000 ton for total volatile organic compounds (TVOCs)
in Guanzhong Plain could be achieved by the adoption of clean coal tech-
niques for residential heating. Owing to coal-to-gas/electricity project in
rural China, the risks of chronic lung diseases and asthma decreased by
1.4 % and 1.3 %, respectively (Wen et al., 2023).

The seasonal differences in PM2.5 exposure for S-S group (using solid
fuels both in winter and summer) were 57.6 ± 19.2 μg/m3, higher than
that for C-C group (using clean fuels both in winter and summer)
(37.5 ± 21.4 μg/m3), which was because the solid fuel consumption in
summer wasmuch lower than that in winter (5.6 vs 20.4 kg per household)
(Huang et al., 2022). Furthermore, for rural participants undergoing the
same seasonal fuel transition, mosquito coil users associated with
24.9 μg/m3 lower seasonal differences in PM2.5 exposure than those did
not. This was due to the combustion of mosquito coil increased PM2.5 expo-
sure in summer and then reduced seasonal differences in PM2.5 exposure.
Therefore, the influence of mosquito coil combustion on PM2.5 exposure
should be paid special attention.

3.3.2. BP
The SBP andDBP in summerwere 9.0 and 2.8mmHg lower than inwin-

ter (SBP: 131 ± 18 mmHg, DBP: 79 ± 12 mmHg, p < 0.05), respectively.
Furthermore, the proportions of high BP and high-normal BP for SBP in
winter were 28.9 % and 24.5 %, respectively. As for wintertime DBP,
high BP and high-normal BP accounted for 16.7 % and 28.1 % of total, re-
spectively. This indicated that residents had not only higher BP levels, but
also higher proportions of hypertension in winter than in summer. The
influences of household fuel transition and mosquito coil use on seasonal
differences in BPwere further explored. As shown in Fig. S2, significant sea-
sonal differences in SBP were observed for different seasonal household



Fig. 3. The partial effects of investigated influencing factors on SBP (a-f), and their proportions of the total variance of SBP (g) in summer according to the GLM together with
the dominance analysis.

Fig. 4. The influences of household fuel transition couple with mosquito coil use on
the seasonal differences in PM2.5 exposure. The letters of S, C, and M in the figure
represent residents using solid fuels, clean fuels, and mixed fuels, respectively, the
arrow between letters represents the fuel transition from winter to summer.
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fuel transition groups (p< 0.05),while the seasonal differences in DBPwere
relatively smaller (p > 0.05). The seasonal differences of SBP and DBP were
relatively larger in S-C group comparedwith other groups (Fig. S2), indicat-
ing that the transition to clean energy would be benefit to lower BP. As for
the C-C group, their BP changed relatively smaller than other groups. For
residents undergoing the same seasonal household fuel transition, mos-
quito coil users had 5.2 and 0.5 mmHg lower seasonal differences in SBP
and DBP than those did not, respectively, possibly because the elevated
PM2.5 exposure caused by mosquito coil combustion would increase BP.

3.3.3. Factors influencing BP variation between summer and winter
In our wintertime study, PM2.5 exposure was significantly associated

with SBP (p < 0.05), but the association between PM2.5 exposure and DBP
were not significant (p > 0.05) (Du et al., 2021); this was in line with previ-
ous studies (Auchincloss et al., 2008; Zhao et al., 2015; Liu et al., 2017;
Chen et al., 2020). For example, Zhao et al. (2015) reported that PM2.5 ex-
posure was positively associated with SBP but not with DBP, with an inter-
quartile range (48 μg/m3) incremental PM2.5 exposure associated with
2.71 mmHg higher SBP. Whereas in this summertime study, no significant
correlations were found between PM2.5 exposure and SBP as well as DBP,
which was also consistent with some previous studies (Madsen and
Nafstad, 2006; Smargiassi et al., 2014; Corlin et al., 2018; Hu et al., 2018;
Chi et al., 2019). For example, Chi et al. (2019) reported that PM2.5 expo-
sure had no significant influences neither on SBP or DBP for elderly people
in summer, possibly explained by the variations in PM2.5 levels and compo-
nents, population characteristics (ages, diet, mental health, and lifestyle), as
well as sampling methods (Zhao et al., 2015; Liu et al., 2017).

The seasonal variations in BPmay partly be attributed to the changes in
seasonal PM2.5 concentrations. Previous studies have suggested that PM2.5

exposure level plays an important role on BP regulation. For example,
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Shan et al. (2014) reported that 4.6 mmHg higher SBP for rural females in
high PM2.5 exposure group (101 ± 37 μg/m3) than those in low PM2.5 ex-
posure group (39 ± 11 μg/m3). In another study conducted by McCracken
et al. (2007), the PM2.5 exposures of rural females deceased 38 % after the
promotion of advanced low-polluting stoves (from 273 ± 317 to 174 ±
193 μg/m3), and resulted in 3.1 and 1.9 mmHg decline in their SBP and
DBP, respectively. Similarly, significant association between PM2.5 expo-
sure and BP for young adults was only found in winter and spring, but
not in summer and fall due to relatively higher PM2.5 exposure in former
seasons (Ye et al., 2022). Feng et al. (2021) compared the BP of rural resi-
dents in Fenwei plain between winter and summer, results showed that
SBP and DBP in winter were 1.6 and 1.1 times higher than that in summer,
which was possibly due to severe PM2.5 pollution associated with heavy
solid fuel combustion in winter. The fluctuations in air pollutant concentra-
tions would affect cardiac output and peripheral vascular resistance and fi-
nally change BP, resulting in higher BP level in winter than that in summer
(Chiarelli et al., 2011). Zhang et al. (2020) previously reported that sea-
sonal variations in cardiac function caused by PM2.5 exposure were attrib-
uted to different air pollutant concentrations and more severe cardiac
dysfunction in winter. In addition, high PM2.5 exposure may have stronger
impact on BP. For example, Song et al. (2021) reported that hypertension
prevalence and SBP strongly responded to high PM2.5 exposure (over
50 μg/m3), which was similar with our study, highlighting the necessity
of health impact evaluation for people exposed to high PM2.5 levels.

In addition to PM2.5 exposure, differences in temperature may also con-
tribute to seasonal variations in BP (Madsen and Nafstad, 2006; Linares and
Diaz, 2008; Chiarelli et al., 2011; Lewington et al., 2012). In this study, the
average time-weighted temperature in summer was 30.3 ± 2.6 °C, signifi-
cantly higher than that in winter (10.5± 2.8 °C, p < 0.05). Significant neg-
ative correlations were found between time-weighted temperature and SBP
as well as DBP (p < 0.05), which was consistent with previous studies. For
example, Goyal et al. (2018) reported negative association between BP and
temperature, with each 10 °C increment of temperature, the SBP and DBP
would decrease 3.9 and 2.7 mmHg, respectively. Similarly, results from
Lewington et al. (2012) showed that per 10 °C decrease in temperature
was associated with 5.7 and 2.0 mmHg increases in SBP and DBP, respec-
tively. Epidemiological study also revealed that home temperaturewas neg-
atively associated with hypertension rate, with a 1 °C increment of
temperature associated with 0.98 (95 % confidence interval: 0.96–0.99)
lower odd ratio of hypertension (Modesti et al., 2013). Previous studies
have indicated that low temperatures may increase sympathetic activity
and aldosterone levels, as well as reduce sweating, and thus lead to in-
creased BP.While the increase of temperaturesmay lead to cutaneous vaso-
dilatation and increased sweating, as a consequent, the BP decrease
(Rosenthal, 2004; Miersch et al., 2013).

4. Implication and limitation

High BP is a leading health risk for human. Previous studies have sug-
gested that short-term exposure to PM2.5 may increase the risk of hyperten-
sion (Cai et al., 2016; Oh et al., 2022). However, there are few studies on
the association between short-term high PM2.5 exposure, which is common
for rural residents, with BP, and even fewer studies on the seasonal varia-
tions of their relationship. In this study, field measurements were con-
ducted in rural China to investigate seasonal variations in personal PM2.5

exposure and BP as well as their relationships. It was found that PM2.5 expo-
sure of rural residents decreased significantly in summer due to clean en-
ergy transition. Lower BP and weaker correlation between PM2.5

exposure and BP were also found in summer than in winter, indicating
that the decrease of PM2.5 exposure was beneficial to the decline of BP of
rural residents. Results from this study provide new perspectives into
short-term impact of high PM2.5 exposure on BP and its seasonal variations,
as well as the potential health benefits of clean fuel transition of rural
household energy.

There were several limitations that should be stated in this study. The
summer campaignwas a revisit study. However, due to some rural residents
6

went out forwork or travel during summer campaign, theywere failed to be
revisited. This resulted in relatively small sample size of summer campaign
whichmay affect the accuracy of statistical results to some extent. Although
twelve influencing factors to personal PM2.5 exposure and BP were investi-
gated in this study, the information on some factors that might affect per-
sonal PM2.5 exposure and/or blood pressure such as air conditioner use
and household income were not collected. In future, more factors that
may affect personal PM2.5 exposure and/or blood pressure should be
taken into consideration.

5. Conclusion

The association between PM2.5 exposure and BP has been revealed by
previous studies. However, studies are limited regarding the impact of
short-term high PM2.5 exposure on BP and its seasonal variation. In this
study, seasonal variations in PM2.5 exposure and BP as well as their rela-
tionships were explored based onfieldmeasurements in rural areas. Results
showed that PM2.5 exposure of rural participants in summer was 59 %
lower than that in winter. In addition, summertime SBP and DBP were
9.0 and 2.8 mmHg lower than that in winter, respectively. Mosquito
coil users had 1.5 times higher summertime PM2.5 exposure than non-
mosquito coil users. PM2.5 exposure was positively associated with BP,
and such association was stronger in winter than in summer. Household
fuel transition from solid fuels in winter to clean fuels in summer was ben-
efit to reduce PM2.5 exposure aswell as BP, while mosquito coil combustion
would be negative on the reduction of BP and PM2.5 exposure. Apart from
the lower PM2.5 exposure in summer, higher temperature could also lead
to the decrease of BP.
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