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• Short-term exposure to ambient particu-
late matter was associated with the risk
of mortality among HIV/AIDS patients.

• The adverse impacts of PM1 were stronger
than PM2.5 and PM10.

• The effects of PM1 and PM10 on AIDS-
related deaths were significantly stronger
in males than females
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Background: Human immunodeficiency virus/acquired immunodeficiency syndrome (HIV/AIDS) has been a worri-

some public health problem in the world. However, evidence for associations between short-term exposure to partic-
ulate matter (PM) and mortality among HIV/AIDS patients is scarce.
Methods: We collected daily death records in people with HIV/AIDS from all counties (N = 103) of Hubei province,
China from 2018 to 2019. The county-level daily concentrations of PM1, PM2.5 and PM10 in the same period were
extracted from ChinaHighAirPollutants dataset. A time-stratified case-crossover design with conditional logistic
regression analysis was performed to assess the associations between PM and mortality.
Results: Each 1 μg/m3 increased in PM1 corresponded with 0.89 % elevated in all-cause deaths (ACD) at lag 0–4 days.
The largest effects of PM1, PM2.5 and PM10 on AIDS-related deaths (ARD) were detected at lag 0–4 days, and PM1

[percent changes in odds ratio: 2.51 % (95 % CIs: 0.82, 4.22)] appeared greater health hazards than PM2.5 [1.24 %
(95 % CIs: 0.33, 2.15)] as well as PM10 [0.65 % (95 % CIs: 0.01, 1.30)]. In subgroup analyses, the significant associa-
tions of PM1/PM2.5 and ACD were only found in male and the cold season. We also observed the effects of PM1

and PM10 on ARD were significantly stronger (P for interaction <0.05) in males than females. In addition, we caught
sight of HIV/AIDS patients aged over 60 years old were more susceptible to ARD caused by PM than younger
population.
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Conclusions: Our study suggested PM1 was positively linked with the risk of ACD and ARD. Male patients with HIV/
AIDS were more significantly susceptible to PM1, PM2.5 and PM10. PM1/PM2.5 appeared stronger associations with
ARD in HIV/AIDS patients aged over 60 years old and in the cold season.
1. Introduction

Acquired immunodeficiency syndrome (AIDS) is an infectious disease
caused by the human immunodeficiency virus (HIV) (Sharp and Hahn,
2011). Experts estimated that there were 36.8 [95 % uncertainty interval
(UI): 34.8–39.2] million people living with HIV, 1.94 (95 % UI: 1.63–2.29)
million new cases of HIV and 0.95 (95 % UI: 0.91–1.01) million AIDS-
related deaths worldwide in 2017 (Collaborators, 2019). HIV/AIDS has
changed from the 33rd leading cause for global disability-adjusted life years
(DALYs) in 1990 to the 11th in 2019, with an increase of 58.5 % (95 % UI:
37.1–89.2) in age-standardized DALY rates (GDaI Collaborators 2020). The
prevalence of HIV/AIDS continually increases yearly in China, which has
become a worrisome public health problem (Qiao et al., 2019). Therefore,
there is an urgent need to identify new risk factors and take comprehensive
measures to prevent deaths among HIV/AIDS people.

Ambient particulate matter (PM) is the fourth leading risk factor for
globalmortality and contributes a lot to deaths and DALYs, especially in de-
veloping countries with severe air pollution, such as China (Bu et al., 2021;
GBDRF Collaborators 2020). Previous epidemiological studies found that
long- or short-term exposure to PM was associated with the increment of
all-cause and disease-specific (e.g. respiratory diseases, cardiovascular dis-
eases, type-2 diabetes and cancers) deaths (Di et al., 2017; Liu et al.,
2021; Wu et al., 2021; Yu et al., 2021; Zhang, 2021; Zhou et al., 2022).
However, most of them focused mainly on the effects of PM2.5 (PM with
an aerodynamic diameter ≤2.5 μm) and PM10 (PM with an aerodynamic
diameter ≤10 μm). In recent years, the harm of PM1 (PM with an aerody-
namic diameter≤1 μm) to human health has gradually attracted research
attention due to the smaller particle size (Cigankova et al., 2021; Li et al.,
2021; Yang et al., 2019). Nevertheless, because PM1 is not a routinely mon-
itored pollutant in most parts of the world, a relatively small number of
epidemiological studies investigated the associations between PM1 and
health (Song et al., 2022; Xiong et al., 2022). Even more scarce literature
has provided evidence linking PM1 andmortality among HIV/AIDS people.
A previous animal experiment found that side-stream cigarette smoke led to
further immunosuppress on the basis of the immune function decline
caused by AIDS, which could make AIDSmicemore susceptible to opportu-
nistic infections and accelerate the progression of murine AIDS (Zhang
et al., 2002). In addition, a study conducted in the USA pointed out that
exposure to PM10 increased HIV host susceptibility to pulmonary infection
by suppressing IgM response (Blount et al., 2013). The impact of air pollu-
tion on mortality might be mediated by changes in immunocompetence
(Hertz-Picciotto et al., 2005). Therefore, in consideration of people with
HIV/AIDS have some defects in their immune function (Salzer et al.,
2018), we hypothesize that they are more vulnerable to ambient PM.

In this study,we aim to explore the associations between short-term expo-
sure to PM (PM1, PM2.5, and PM10) and mortality among HIV/AIDS patients
in all counties of Hubei province (China) by conducting a time-stratified case-
crossover design. We also performed subgroup analyses stratified by gender,
age and season to identify potential vulnerable populations and periods. This
study may add to the total body of knowledge on the relationship between
PM and mortality among HIV/AIDS people and provide a valuable epidemi-
ological reference for local government policy-making.

2. Methods

2.1. Study area

Hubei, the thoroughfare of nine provinces, is located in central China
and governs 103 counties, with a total area of 185,900 km2 and 58.3
million inhabitants. The terrain of Hubei Province is generally surrounded
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by mountains in the East, West and North, with a low and flat middle,
which is an incomplete basin slightly open to the south. In the total area
of the whole province, mountains account for 56 %, hills 24 % and plain
lakes 20 %, belonging to the Yangtze River system. Most areas in Hubei
province have a subtropical monsoon humid climate.

2.2. Data collection

The death data of AIDS patients during our study period were obtained
from the HIV/AIDS Comprehensive Response Information Management
System of Hubei Provincial Center for Disease Control and Prevention, in-
cluding the main cause of death [AIDS-unrelated deaths and AIDS-related
deaths (ARD)], gender, age, race, residential address (county-level),
marriage status, educational level, occupation, route of infection, date of
diagnosis and date of death, etc. The spatial distribution of the cases was
shown in Fig. 1. During the same period, we collected daily data set of sur-
face climate data in China (V3.0) from the National Meteorological Science
Data Center (http://data.cma.cn/). There are a total of 27 weather stations
that can generally cover the whole Hubei Province (Fig. S1). We linked the
daily mean county-level temperature and relative humidity to the nearest
weather station.

Daily mean concentrations of PM1, PM2.5 and PM10 were derived from
ChinaHighAirPollutants (CHAP, available at https://weijing-rs.github.io/
product.html), which is a series of long-term, full-coverage, high-
resolution (1 km × 1 km), and high-quality datasets of ground-level air
pollutants for China (Wei et al., 2019, 2020, 2021a, 2021b). Briefly,
CHAP was generated from the big data (e.g., ground-based measurements,
satellite remote sensing products, atmospheric reanalysis, and model simu-
lations) using artificial intelligence by considering the spatiotemporal
heterogeneity of air pollution. The cross-validation coefficient of determi-
nation (CV-R2) and root-mean-square error (RMSE) of PM1, PM2.5 and
PM10 were 0.77, 14.6 μg/m3, 0.92, 10.76 μg/m3, and 0.90, 21.12 μg/m3

on a daily basis, respectively. Similar to the above methods, we extract
daily county-level air pollution by overlapping the grid data of CHAP
with the shapefile of the study areas.

2.3. Statistical analysis

To explore the associations between short-term exposure to PM and
dailymortality, we performed a time-stratified case-crossover study design,
which was widely used in environmental epidemiological studies (Chen
et al., 2019; Gasparrini, 2021; Liu et al., 2021). The same calendar day of
the week in the calendar year and month of deaths were used as fixed
time strata. For instance, if a death occurred on the 9th of June 2019
(Sunday), the 9th of June 2019 was defined as the case day while all
other Sundays in the same calendar year and month (2nd, 16th, 23rd,
and 30th of June 2019) were regarded as the control days. Profiting by
this study design, every person acted as self-control, and individual-level
time-independent confounders (such as age, gender, education level, phys-
ical condition, treatment) can be controlled spontaneously (Khan et al.,
2019). Moreover, the effect of week, seasonality and long-term trends
could also be well automatically controlled (Levy et al., 2001).

Pearson correlation analysis was used to describe the relationships
between environmental factors. After adjusting for temperature and
relative humidity using a natural spline function with 6 degrees of freedom
(df) and 3 df (Xu et al., 2022), respectively, conditional logistic regression
models were applied to investigate the short-term health effects of PM on
all-cause deaths (ACD) and ARD. To assess the lagged effects of PM, we
also estimated PM-mortality relationships in single-day (lag 0 to lag
7 day) and cumulative lag days (lag 0–1 to lag 0–7 days). Subgroup analyses

http://data.cma.cn/
https://weijing-rs.github.io/product.html
https://weijing-rs.github.io/product.html


Table 1
The characteristics of the study population in Hubei province, 2018 to 2019.

Characteristic Count

Days
Case days 1505
Control days 5098

Deaths (n, %)
All-cause deaths 1505 (100.00)
AIDS-related deaths 389 (25.85)

Gender (n, %)
Male 1227 (81.53)
Female 278 (18.47)

Age at death (n, %)
<60 years 875 (58.14)
60+ years 630 (41.86)

Race (n, %)
Han 1449 (96.28)
Minority 56 (3.72)

Marriage status (n, %)
Married 615 (40.86)
Unmarried/divorced/widowed 880 (58.47)

Educational level (n, %)
Primary school and blow 664 (44.12)
Junior high school 536 (35.61)
High school and above 302 (20.07)

Route of infection (n, %)
Injecting drugs 30 (1.99)
Heterosexual transmission 1122 (74.55)
Homosexual transmission 297 (19.73)
Blood transmission 45 (2.99)
Other and unknown 11 (0.73)

Season at death (n, %)
Warm 740 (49.17)
Cold 765 (50.83)

Fig. 1. The location of study area (Hubei province, China) and spatial distribution of the deaths.
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were performed stratified by gender (male, female), age (0–59, 60+ years
old) and season (warm: April to September, cold: October to March of the
next year), and we identified potential interaction between subgroups by
2-sample z-test (Altman and Bland, 2003). After investigating the associa-
tions of PM-mortality in the initial model, two sensitivity analyses were
conducted to check the robustness of the effects of PM on ACD and ARD:
(1) establishing two-pollutant models; (2) changing the degrees of freedom
of temperature and relative humidity from 6 to 5 or 7 and 3 to 2 or 4,
respectively.

Consistent with prior studies, results in this study were reported as per-
cent change in odds ratio [(OR− 1)×100%] and 95%confidence intervals
(CIs) corresponded to per 1 μg/m3 increase in the daily concentrations of PM.
All statistical analyzes were conducted in R software (version 4.1.1), and the
“survival” and “splines” packages were utilized to fit the model. Results with
a 2-sided and P-value < 0.05 were considered statistically significant.

3. Results

Table 1 summarizes the characteristics of the study population in Hubei
province from 2018 to 2019. There were a total of 1505 ACD in HIV/AIDS
patients, 389 (25.85 %) of them succumbed to opportunistic infections
caused by AIDS. Males occupied about 80 % overall, and more than half
of the whole deaths were aged <60 years old. Heterosexual transmission
and Homosexual transmission involved 1122 and 297 individuals, account-
ing for 74.55 % and 19.73 % of the total, respectively. Table 2 shows the
distribution of ambient particulate matter and meteorological conditions
on case days and control days during the study period. Daily mean concen-
trations of PM1 and PM2.5 were 23.40 μg/m3 and 41.99 μg/m3 on case days,
which were slightly higher than on control days. Fig. 2 illustrates the
pairwise coefficients of Pearson correlation between daily average concen-
trations of environmental factors. We found higher positive correlations
between PM, while slight or negative correlations between PM and meteo-
rological factors.

Table 3 exhibits the percent changes in odds ratio (%) and 95 % confi-
dence intervals (CIs) for ACD and ARD with per 1 μg/m3 increase in partic-
ulate matter in single-pollutant models. For ACD, significant associations
were only found in PM1. Per 1 μg/m3 increase in PM1 corresponded with
0.89 % elevated in ACD at lag 0–4 days. For ARD, the largest effects of
PM1, PM2.5 and PM10 on ARD were both detected at lag 0–4 days, and
PM1 [2.45 % (95 % CIs: 0.72, 4.21)] appeared greater health hazards
than PM2.5 [1.25 % (95 % CIs: 0.31, 2.20)] and PM10 [0.65 % (95 % CIs:
0.01, 1.30)]. Fig. S1 shows the exposure-response curves of ambient partic-
ulate matter and ACD as well as ARD. By and large, the odds ratio (OR) of
3

ACD showed a very trifling upward trend as PM1 concentration increased,
while ARD was rapidly rising with the increasing concentration of PM1,
PM2.5 and PM10.

Fig. 3 displays the subgroup-specific percent changes in odds ratio (%)
with 95 % CIs associated with per 1 μg/m3 increase in particulate matter
at lag 0–4 days. The significant effects of PM1 and PM2.5 on ACD were
only found in males and the cold season. We also observed the effects of
PM1 and PM10 on ARD were significantly stronger (P for interaction
<0.05) in male than in female, with corresponding percent changes in
odds ratio of 3.13 % (1.33, 4.96) versus −3.51 % (−8.95, 2.26) for PM1

and 0.95 % (0.27, 1.63) versus −2.07 % (−4.26, 0.17) for PM2.5. In



Table 2
The distribution of ambient particulate matter and meteorological conditions on
case days and control days.

Variables Min P25 P50 P75 Max Mean SD

On case days (n = 1505)
Air pollutant

PM1 (μg/m3) 5.41 13.58 19.27 28.12 100.73 23.40 14.43
PM2.5 (μg/m3) 8.06 25.11 34.93 49.65 167.62 41.99 24.48
PM10 (μg/m3) 11.59 44.76 60.72 84.19 344.58 69.16 34.55

Meteorological factor
Temperature (°C) −4.40 9.15 17.70 25.40 33.60 17.21 9.19
Relative humidity (%) 32.00 67.00 75.00 84.00 99.00 74.72 13.15

On control days (n = 5098)
Air pollutant

PM1 (μg/m3) 5.02 13.50 19.23 27.77 143.23 23.21 14.55
PM2.5 (μg/m3) 7.17 25.17 34.52 49.54 299.89 41.67 24.78
PM10 (μg/m3) 10.50 44.55 60.33 83.51 341.48 69.17 34.86

Meteorological factor
Temperature (°C) −5.50 9.10 18.30 25.40 33.80 17.37 9.31
Relative humidity (%) 28.00 66.00 75.00 84.00 100.00 74.40 12.90

Note: Min: minimum; Max: maximum; P: Percentile; SD: Standard deviation.
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addition, although the difference between subgroups were not statistically
significant, we caught sight of HIV/AIDS patients aged over 60 years old
were more susceptible to PM1, PM2.5 and PM10 and lead to ARD than youn-
ger population, with the percent changes in odds ratio were 4.08 % (1.27,
6.96) versus 1.42 % (−0.78, 3.67) for PM1, 2.06 % (0.59, 3.55) versus
0.63 % (−0.56, 1.85) for PM2.5 and 1.21 % (0.11, 2.32) versus 0.33 %
(−0.47, 1.14).
Fig. 2. The Pearson correlation coefficient between environmental factors.
Note: Temp: temperature; RH: relative humidity.
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Table S1 exhibits the percent changes in odds ratio (95 % CIs) for
ACD and ARD corresponded with each 1 μg/m3 increase in ambient PM
along 0–4 days in the sensitivity analyses. In the two-pollutant models,
PM1-ACD, PM1-ARD and PM2.5-ARD associations remain statistically signif-
icant after adjusting for PM10. We also found the previously significant
relationships of particulate matter and ACD as well as ARD still kept signif-
icant after changing the degrees of freedom of temperature and relative
humidity from 6 to 5 or 7 and 3 to 2 or 4, respectively. The above results
suggested that our main findings were robust.

4. Discussion

To the best of our knowledge, this is the first paper to comprehensively
assess the acute effect of PM on mortality among HIV/AIDS patients in
China. In this study, we applied a time-stratified case-crossover design to
estimate the associations between short-term exposure to PM and ACD as
well as ARD in all counties (N=103) of Hubei province, China. Our results
found that positive and significant links existed between PM1 and ACD.
Short-term exposure to PM1, PM2.5 and PM10 was associated with an
increased risk of ARD, and PM1 displayed a stronger effect value than
PM2.5 and PM10. In addition, the approximately linear exposure-response
curves of PM and ARD suggest that lower concentrations of PM would
have the capacity to aggravate ARD. Information obtained from subgroup
analyses for ARD also showed that males appeared to be more significantly
vulnerable to PM1 and PM10. Furthermore, PM1 and PM2.5 were the risk
factors for ARD in HIV/AIDS patients aged over 60 years old and in the
cold season that deserved attention. All in all, our findings might help
deepen the understanding of the relationships between short-term exposure



Table 3
The percent change in odds ratio (%) and 95 % CIs for ACD and ARD with per 1 μg/m3 increase in ambient particulate matter in single-pollutant models.

Lag days (days) All-cause deaths AIDS-related deaths

PM1 PM2.5 PM10 PM1 PM2.5 PM10

Single-lag
Lag 0 0.23 (−0.43, 0.90) 0.11 (−0.27, 0.50) −0.01 (−0.27, 0.24) 1.14 (−0.09, 2.39) 0.69 (−0.04, 1.42) 0.34 (−0.13, 0.81)
Lag 1 0.56 (−0.11, 1.23) 0.26 (−0.12, 0.65) 0.19 (−0.05, 0.43) 1.82 (0.55, 3.11) 0.98 (0.23, 1.73) 0.48 (0.03, 0.95)
Lag 2 0.30 (−0.34, 0.95) 0.11 (−0.26, 0.48) −0.01 (−0.24, 0.22) 1.56 (0.34, 2.79) 0.75 (0.04, 1.45) 0.38 (−0.08, 0.84)
Lag 3 0.57 (−0.05, 1.20) 0.33 (−0.03, 0.68) 0.00 (−0.24, 0.23) 1.00 (−0.18, 2.19) 0.58 (−0.11, 1.27) 0.17 (−0.28, 0.63)
Lag 4 0.62 (0.01, 1.23) 0.31 (−0.05, 0.66) 0.08 (−0.15, 0.31) 1.14 (−0.03, 2.33) 0.71 (0.03, 1.40) 0.31 (−0.14, 0.76)
Lag 5 0.23 (−0.36, 0.83) 0.08 (−0.27, 0.43) 0.02 (−0.21, 0.25) 0.20 (−0.94, 1.35) 0.03 (−0.64, 0.71) 0.01 (−0.43, 0.45)
Lag 6 −0.04 (−0.63, 0.55) 0.00 (−0.34, 0.34) −0.05 (−0.28, 0.18) −0.14 (−1.30, 1.02) −0.09 (−0.75, 0.59) −0.11 (−0.55, 0.34)
Lag 7 −0.20 (−0.80, 0.40) −0.14 (−0.50, 0.22) −0.13 (−0.37, 0.10) −0.50 (−1.60, 0.61) −0.32 (−0.98, 0.34) −0.23 (−0.67, 0.22)

Cumulative lag
Lag 0–1 0.48 (−0.25, 1.23) 0.23 (−0.19, 0.66) 0.12 (−0.15, 0.39) 1.79 (0.41, 3.19) 1.03 (0.20, 1.85) 0.50 (−0.01, 1.01)
Lag 0–2 0.53 (−0.27, 1.33) 0.24 (−0.22, 0.70) 0.08 (−0.20, 0.37) 2.23 (0.71, 3.76) 1.21 (0.32, 2.12) 0.60 (0.03, 1.16)
Lag 0–3 0.71 (−0.13, 1.56) 0.34 (−0.10, 0.79) 0.07 (−0.24, 0.38) 2.33 (0.73, 3.97) 1.12 (0.26, 1.99) 0.60 (−0.01, 1.21)
Lag 0–4 0.89 (0.00, 1.78) 0.42 (−0.05, 0.89) 0.10 (−0.23, 0.42) 2.51 (0.82, 4.22) 1.24 (0.33, 2.15) 0.65 (0.01, 1.30)
Lag 0–5 0.90 (−0.03, 1.84) 0.41 (−0.09, 0.90) 0.10 (−0.25, 0.44) 2.38 (0.62, 4.18) 1.12 (0.16, 2.08) 0.59 (−0.07, 1.26)
Lag 0–6 0.84 (−0.14, 1.83) 0.42 (−0.15, 0.98) 0.07 (−0.29, 0.44) 2.20 (0.35, 4.09) 1.22 (0.13, 2.32) 0.51 (−0.18, 1.21)
Lag 0–7 0.75 (−0.29, 1.80) 0.36 (−0.24, 0.97) 0.03 (−0.36, 0.42) 1.96 (0.00, 3.94) 1.08 (−0.08, 2.25) 0.42 (−0.31, 1.16)

Note: Bold results are statistically significant (P-value < 0.05).
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to PM and mortality among HIV/AIDS patients and provide valuable evi-
dence for the government to formulate strategies for ambient particulate
matter control more reasonably, especially for PM1.

Prior studies pointed out that air pollution played a role in the develop-
ment of AIDS-unrelated and AIDS-related diseases among HIV/AIDS
patients (Alvaro-Meca et al., 2015; Elf et al., 2017; North et al., 2015; Toe
et al., 2022), which were similar with our results. A study conducted in
Spain found that a higher concentration of PM10 was associated with
pneumocystis pneumonia (PCP) admission and PCP-related deaths in
HIV-positive patients from 1997 to 2011 (Alvaro-Meca et al., 2015). Toe
and her colleagues reported that exposure to PM2.5 might amplify carotid
Fig. 3. The subgroup-specific percent changes in odds ratio (%) with 95 % CIs assoc
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intima-media thickness (IMT) among adolescents with perinatally acquired
HIV (PHIV) while not in HIV-uninfected teenagers (Toe et al., 2022). The
underlying biological mechanism of elevated mortality caused by PM in
HIV/AIDS patients was not completely clarified yet. The previous experi-
mental, panel and large-scale epidemiological studies provided plenty of
evidence to confirm that exposure to PM triggered oxidative stress and
systemic inflammation which were linked with risks of mortality from
respiratory and cardiovascular diseases (Andersson et al., 2009; Deng
et al., 2013; Lin et al., 2017; Yang et al., 2020). In addition, exposure to
PM could change the number of immunoglobulins and over-activate the
Notch signaling pathway resulting in immunity disorder (Gu et al., 2017;
iated with per 1 μg/m3 increased in ambient particulate matter at lag 0–4 days.
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Zhao et al., 2013). Therefore, these clues suggested a reasonable hypothesis
that the status of oxidative stress and systemic inflammation induced by ex-
posure to PM reduced the ability of the body's immunity and increased the
likelihood and harm of opportunistic infection among HIV/AIDS patients.

In the current study, we found larger effects of PM1 on ACD and ARD
than PM2.5 and PM10 at the same lag days. For instance, the percent change
(%, 95 % CIs) in odds ratio of per 1 μg/m3 increased in PM1, PM2.5 and
PM10 along 0–4 days were 0.89 % (95 % CIs: 0.00, 1.78), 0.42 % (95 %
CIs:−0.05, 0.89) and 0.10 (95 % CIs:−0.23, 0.42) for ACD, respectively,
and 2.51 % (95 % CIs: 0.82,4.22), 1.24 % (95 % CIs: 0.33, 2.15) and
0.65 (95 % CIs: 0.01, 1.30) for ARD, separately. Similar to previous
researches, smaller aerodynamic diameters of ambient PM generally have
more significant severe perniciousness for health, such as leading to an
increase in mortality, emergency department visits and hospitalizations
(Chen et al., 2017; Hu et al., 2018; Zhang et al., 2020). There were three
possible explanations: (1) PM1 with a smaller size could suspend in the
air for a longer time, thus increasing the chance of exposure for people
(Song et al., 2022); (2) the tinier PM had stronger penetration ability, for
example, PM10 was capable of mainly reaching the throat, while PM2.5/
PM1 could easily get to the alveoli of bronchioles and penetrate vascular
barriers to enter the circulation of blood (Yang et al., 2018); (3) compared
with PM2.5 and PM10, PM1 had proportionally larger surface areas per unit
mass, resulting in absorbing more highly concentrated toxic components
such as heavy metal and microbes (Schraufnagel, 2020).

Our subgroup analysis found that significant associations of PM1-ACD
and PM-ARDwere only observed inmales. This result echoedwith a cohort
study focused on all-cause deaths conducted in China, with hazard ratios
(HRs, 95 % CIs) of 1.097 (1.055, 1.140) for males but 0.986 (0.936,
1.038) for females corresponding to per 10 μg/m3 increase in PM2.5

(Zhang, 2021). An analysis of 22 European cohorts and a nationwide cohort
study enrolling all Medicare beneficiaries in the continental United States
also showed similar differences in gender analysis when exposed to PM
(Beelen et al., 2014; Di et al., 2017). The susceptibility of adult men can
be partly explained by the stronger work-related outdoor PM exposure
and the higher prevalence of smoking and drinking behavior, which may
increase the risk of PM-related death. However, there was a time-series
study shows females were more sensitive to PM (Hu et al., 2018). Due to
findings in air pollution epidemiology remained still being inconclusive,
more comprehensive studies were warranted. In the age-stratified analysis,
the pronounced links of PM1/PM2.5-ARD were only found in HIV/AIDS
patients aged over 60 years old. Similar results were observed in prior stud-
ies (Hu et al., 2018; Zhou et al., 2022). Hu et.al found that per 10 μg/m3

increased in PM1 and PM2.5 were associated with 0.70 % (95 % CIs: 0.34,
1.07) and 0.67 % (95 % CIs: 0.33, 1.01) increase for all-cause mortality in
aged 65+ years group, higher than aged 0–64 years group, with excess
relative risks of 0.44 % (95 % CIs: 0.06, 0.81) and 0.43 % (95 % CIs:
0.08, 0.78) for PM1 and PM2.5, respectively (Hu et al., 2018). A case-
crossover study detected that associations of PM2.5-mortality only existed
in people aged over 80 years old, with per 76.3 μg/m3 increase in PM2.5

corresponding to 4.0 % (95 % CIs: 1.7, 6.5) increase in the excess risks of
all-cause mortality (Zhou et al., 2022). The academic circle has reached a
wide consensus that elderly people tended to suffer from higher risks of
death associated with particulate pollution exposure because of their
basic diseases and physical function decline (Qu et al., 2018; Tian et al.,
2018; Yang et al., 2012; Zhang et al., 2016).

In this paper, we observed short-term exposure to PM1 and PM2.5 only
elevated the risk of all-cause and AIDS-related mortality in the cold season,
which was in agreement with the existing findings (Cox et al., 2013; Kan
et al., 2008; Sui et al., 2021; Zhou et al., 2011). A study conducted in
Hefei found that every 10 μg/m3 increase of PM2.5 would significantly
raise cardiovascular mortality by 0.22 % (95 % CIs: 0.05, 0.39) at lag
0 day in the cold season, while not in the warm season [−0.37 % (95 %
CIs:−1.36, 0.64)] (Cheng et al., 2019). There were several rational expla-
nations for the seasonal differences in the role of PM: (1) the constituents of
PM in the cold season was more harmful than in another season due to the
different contribution source (Chen et al., 2013; Rodopoulou et al., 2015;
6

Sanchez-Soberon et al., 2019), for example, plenty of coal, oil and natural
gas was consumed for heating in the cold season while not in the warm sea-
son; (2) the daily concentrations of PM were usually pronounced higher in
the cold season than in the warm season (Yang et al., 2005; Zhang et al.,
2021). In addition, lower temperatures and wind delayed the diffusion of
air pollution (Dai et al., 2013). Both of them aggravated people's PM expo-
sure level; (3) the changes in hemoconcentration and immune resistance in
the winter increased people's susceptibility to PM exposure (Callaly et al.,
2013); (4) the prevailing peak period of pulmonary tuberculosis occurred
in the late winter and early spring annually (Yu et al., 2020), which
might increase the probability of opportunistic infection of AIDS in the
same period.

There are twomajor strengths of this study. Firstly, this is the first study
focused on the associations between short-term exposure to PM (PM1,
PM2.5 and PM10) and mortality among HIV/AIDS patients in China.
Secondly, in case-crossover design, confounding factors such as age,
gender, education, social-economic and disease status can be successfully
controlled, which can accurately reflect the true links of PM and mortality.
However, some limitations must be emphasized. First, since the specific
residential address of each death case is not available, we used the
county-level PM concentration as the individual exposure indicator,
which may cause inevitable exposure misclassification (Goldman et al.,
2011; Zhou et al., 2022). Second, our data did not contain information on
the specific classification of ARD, so we were not able to estimate which
opportunistic infections are more vulnerable to PM. Third, although the
case-crossover design automatically controls time-independent confound-
ing factors, residual confounding may still exist. Fourth, our results were
only collected from a single province in China, therefore, our conclusions
might not be well generalized to another and broader regions.

5. Discussion

In summary, we investigate the associations between short-term expo-
sure to ambient PM (PM1, PM2.5 and PM10) and mortality among HIV/
AIDS patients in Hubei, China. Our study suggested that PM1was positively
linked with the risk of ACD and ARD. Male patients with AIDS were more
susceptible to PM1, PM2.5 and PM10. PM1/PM2.5 appeared stronger effects
on ARD inHIV/AIDS patients aged over 60 years old and in the cold season.
Consequently, this study provided epidemiological evidence for public
health departments to lay down more efficient preventive measures for
AIDS HIV/patients.
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