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Methods: We selected 5,172 microdata on individuals from the China Health and
Retirement Longitudinal Study (CHARLS) 2018. The binary logit model, the ordered
logit model, and the stepwise regression were employed to compare the effects
of air pollution on self-rated health (SRH) and activities of daily living (ADL) in
an elderly population. The effects on health shocks were explored in different
age groups, different gender groups, different regions and different sources of
pollutants, respectively.

Results: We found that air pollution significantly increased the risk of health
shocks in the elderly population, especially in the 60-69 year age group, and the
eastern/central region, where NO, and Oz were important pollutant sources.

Conclusion: Targeted management of the environment is necessary to improve
the health status of China'’s elderly population. In addition, paying attention to the
health status of vulnerable populations is needed to achieve social equity.
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1. Introduction

Haze is a major manifestation of air pollution (AP) that influences most urban areas
of China, especially in the northern regions. Respirable particulate matter in haze contains
various chemicals, such as sulfur dioxide, metal elements and radioactive substances, which
have a major impact on human health (1). A recent study published by the World Health
Organization (WHO) in 2018 states that ~7 million people die globally each year as a
result of exposure to fine particles in polluted air. In its 2022 air quality database update,
WHO states that almost the entire global population (99%) breathes air that contains
high levels of pollutants; air quality has already passed beyond the limit of the WHO
guideline and pollution is 90% higher than it was 4 years ago (2). The report “Toward an
Environmentally Sustainable Future” also states that <1% of China’s 500 largest cities meet
the WHO recommended air quality standards (3).

Moreover, with the development of China’s economy, the standard of living and health of
the people have improved significantly, and the life expectancy of the elderly population has
increased. According to China’s seventh National Census, the population will total 1,411.78
million in 2021. The elderly population, aged 65 and above, is 190.64 million, which accounts
for 13.5% of the total population, and has increased by 4.63 percentage points compared with
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the sixth National Census in 2010 (4). According to the prevailing
international standards for judging aging societies, China has long
since become an aging society. When compared with developed
countries, China’s aging population has several characteristics, such
as a large and rapidly increasing number of elderly people (5).
Older people are usually in poorer health, with deep levels of
multiple morbidity and chronic diseases (6). The elderly population
is chronically exposed to diseases, and air pollution is an important
environmental risk factor that has an impact on both physical and
mental health. Older people have been exposed to poor air quality
over many years, accompanied by a decline in physical function
and resistance, loss of health, accelerated depreciation of physical
health capital in the face of air pollution, and a greater likelihood
of disease impact (7-9). Despite advances in medical technology,
increased national investment in health over the years, and updated
air governance policies, older people are still at serious risk of health
shocks and tend to have a greater prevalence of comorbidities (10),
which already pose a challenge to the public health service system.

The level of air quality reflects the degree of AP, which is
affected by the type and concentration of pollutants in the air.
Currently, the Air Quality Index (AQI), the concentration of
sulfur dioxide (SO;), nitrogen dioxide (NO;), inhalable particles
(PMy), ozone (O3), respirable particulate matter (PM;g) and fine
particulate matter (PM 5) are the primary indicators used to assess
air quality (11, 12). Group differences have been confirmed by
research on population health and air quality, and the elderly
are particularly vulnerable to the adverse effects of air pollution
(13, 14). Hence, some studies have specifically addressed health
issues in older populations and found that air pollution has
negative effects on health status and mental health (15-17),
significantly increasing the probability of ADL disability (18, 19).
However, in an aging society, the sudden deterioration of health
conditions suffered by the senior population should be more of
a public concern. Previous research using microdata has mostly
concentrated on positive health scores or disability. This study
introduces the variable of health shock and attempts to combine
previous studies to measure the impact of exposure in terms
of deterioration in self-rated health and the ability to perform
daily behaviors.

Based on the above research background, we
investigated the extent to which AP affected the health

impacts of older people, using data from the air
quality historical data query platform and the China
Health and Retirement Longitudinal Study (CHARLS)

2018, selecting people aged 60 vyears and older as the
study population.

2. Materials and methods

2.1. Study population

The micro-data used in this paper came from the China
Health and Retirement Tracking Survey, a national baseline
of the China Health and Retirement Longitudinal Study
(CHARLS), organized by the National Development Institute
of Peking University and launched in 2011. CHARLS data
focused on middle-aged and older people, aged 45 and
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above, and were updated to the 2018 sample survey data.
In sampling, CHARLS used a stratified (personal GDP by
urban area and rural county) multi-stage (county/district,
households)
proportional to population size (PPS), with strict control of

village/community, random sampling method
sample quality, so that the data represented the overall situation
in China. In this paper, people aged 60 years and older were
selected as the study population. In addition to being easily
exposed to AP, this group has the traits of rarely moving their
residences and hardly changing their socio-economic status (11).
Therefore, it is easier to explore the correlation by analyzing the
elderly population.

AP can be divided into two categories: indoor AP and outdoor
AP (12). Owing to the differences in the sources of major pollutants
in different regions of China and at different times in the same
region, we used data on six common air pollutant indicators in
Chinese cities and selected the air quality composite indicator
as a proxy variable for AP in each region. The AQI, which is
calculated based on hourly concentration readings of the above
six categories of pollutants, is a reliable indicator for quantitative
assessment of health risks (20, 21). The China Ambient Air
Quality Standard (CAAQS) (GB 3095-2012) was implemented
in 2012 after the Chinese Ministry of Environmental Protection
(CMEP) announced the Ambient Air Quality Index Technical
Provisions (Trial) (HJ 633-2012) (22, 23). The higher the AQI
value, the more serious the AP (22). AP data were obtained from
the air quality historical data query platform, which provides a
rich and reliable data source for AP-related research (24-26).
Considering that there may be a certain lag in the effect of AP
on individual health shocks, we selected the average value of
2017-2018 to examine the relationship between air quality and
individuals’ loss of independent living due to physical dysfunction
and to explore what caused the loss of health in older people.
Monthly air quality data (including date, AQI, range, quality
class, PMy 5, PMjg, SO2, NO,, CO, O3, and city) for 2017 and
2018 for nearly 400 cities in China were crawled using PYTHON
3.9.7. To ensure the quality of our data, we selected PM,5 in
2018 from another database (27) and proofread the data with
the PM; 5 obtained in our study. The average values are 39.541
pg/m® in the Historical Data Platform and 39.217 pug/m? in the
Data Center of Ministry of Ecology and Environment; therefore it
can be considered that our air quality data are reliable. The 2018
China Statistical Yearbooks urban and environmental chapters
provided the city-level data (28), and a few missing data were
supplemented with provincial data. The database used in this
paper was made available to the academic community with the
approval of the Peking University Ethics Committee; air quality
data and city-level data were public and therefore did not require
ethical approval.

This paper first matched the PSU (province, city, name,
and area type) sub-data from the CHARLS survey (containing
information on an individual’s province, city name, and area
type) with 2018 personal information to locate the city where the
respondent was located, and then used the city name information
to match the individual micro-data with the AP data. In the
end, 123 cities were successfully matched, and a total of 5,172
samples were obtained after selecting people aged 60 years
and above.
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2.2. Variable selection

2.2.1. Definition of healthy outcome

Health shocks, as a complex concept, are not agreed upon
in existing research. Most studies have used changes in self-rated
health status (SRH) to measure health shocks: a worse SRH than
the previous year or a sharp deterioration in SRH is considered a
health shock (29, 30). More recently, researchers have considered
limitations in daily activities as a direct indicator of health shocks
(31, 32). The term “health shock” was used in this paper to refer
to negative health events associated with the loss of an individual’s
ability to live independently due to physical impairment and
was measured by two indicators, a subjective self-assessment of
respondent health, SRH (29), and an objective self-assessment of
the respondent’s ability to perform activities of daily living (31).
The CHARLS questionnaire’s SRH was measured by asking the
respondents “How do you think your health is?” The question

» <«

was divided into five levels: “very good,” “good,” “fair} “poor” and
“very poor.”

Good functional status is fundamental to maintaining the
independence of older people. Objectively, older people are prone
to a variety of illnesses that can impair their health, which can lead
to a decline in their ability to perform activities of daily living (ADL)
(33). The assessment of ADL can provide a basis for diagnosing
illnesses, predicting the needs of social services for the elderly,
developing treatment plans, and rationalizing the placement of the
elderly (34). ADL include Basic Activities of Daily Living (BADL)
and Instrumental Activities of Daily Living (IADL), and this paper
selected BADL to better reflect the impact of negative health
events on the respondents (35). The ADL scale in the CHARLS
questionnaire asked respondents whether they had difficulties in
daily life, such as dressing and bathing.

2.2.2. Exposure assessment for air quality index

Fine particulate air pollution <2.5 pm diameter (PM; 5) is only
one of the main sources of AP and an air quality index that takes
into account all sources of pollutants is a more appropriate proxy
variable for air pollution (20, 21). The range of the AQI is 0 to
500. The pollutant with the highest concentration is regarded as
the primary pollutant when the AQI is higher than 50. We took
the annual average value of AQI of the area where the senior
population was located as the proxy indicator to reflect long-term
AP. Additionally, because the data quality is a major concern, the
independent variable AQI was replaced with six single indicators in
our paper’s robustness check (13).

2.2.3. Measurement of control variables

Referring to Grossman’s health needs theory and Zeng et al.
(37) regarding the delineation of control variables, and modified
to fit the needs of the study, the individual control variables were
divided into three categories: demographic characteristics, enabling
variables, and social welfare (36, 37). Demographic characteristics
included sex, age, marital status, education level, and type of
residence. Enabling factors are the tendency for this group to
acquire health shocks more than others, a tendency that can be
predicted from pre-onset personal characteristics, such as smoking,
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drinking and a history of present illness (HPI). Social benefits
were more focused on pensions for those over 60 years of age.
Marital status was reclassified according to the six options in the
questionnaire: married (including cohabiting and temporarily not
living with spouse due to work or other reasons) and unmarried
(including separated, divorced, widowed, never married). The level
of education was divided into four categories: (1) primary school
and below; (2) junior high school; (3) senior high school; and
(4) college or above. Respondents were classified as living in a
town if in the center of the city/town or the combination zone
between urban and rural areas, with the remainder in villages.
Smoking and alcohol consumption, as unhealthy lifestyles, have
health consequences, and participating groups are more likely to
experience health shocks (29), so we considered “whether they
smoke” and “whether they drink” as a control variable. Many
older people in China share the responsibility of caring for their
grandchildren, and pensions are the main source of socio-economic
support for older people with chronic diseases in the face of
shocks (35). Older people, therefore, are better able to withstand
the threat of health shocks if they have health benefits such as
pensions. The CHARLS questionnaire asked respondents “Do you
currently receive, expect to receive or contribute to the pension
for public servants, or pension for public institution employees,
or basic pension for enterprise employees?” to define whether the
respondent has a pension. Considering that pre-existing diseases
may affect the reliability of the results; we selected three diseases
most closely related to AP (38-41). The CHARLS questionnaire
asked respondents “Have you been diagnosed with chronic lung
diseases, stroke or asthma by a doctor?” to define whether the
respondent had HPIL.

When measuring the relationship between environmental
quality and public health, it is necessary to take into account
the overall effect as comprehensively as possible. This paper
selected two urban macro variables to control the intensity of
regional environmental regulation (42, 43). The water quality was
determined by the sewage treatment rate and the green space was
measured by the green coverage rate of the built-up area.

2.3. Statistical analysis

Generally, linear regression and ordered logit regression are
used to study SRH. We used logit regression to judge health status
more directly. Herein, ordered logit regression was conducted
based on the results of the questionnaire survey. Respondents were
assigned a value of “2” if their health status was poor or very poor;
“1” if their health status was fair; “0”
or very good. The model was

if their health status was good

Hjj % = a + B1 * Aqij; + B2 x Control;j + &;; (1)

Where H represents the micro-individual SRH index, Aqi
represents the AQI, Control represents the control variable and
¢ represents the random perturbation term, i denotes the micro-
individual, j denotes the province in which the micro-individual i is
located, o denotes the value of the surrogate estimated parameter
variable, and B;, B8, denote the effect of AP and other control
variables on the health status of individuals.

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1087626
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Lietal.

Based on ADL competency according to the questionnaire
items, respondents were marked as “1” if they met any of the above
criteria, or as “0” if no symptoms occurred, and a binary logit
regression model was constructed.

P

ln(1 ,0) =04y * Aqiij + y2 * Controlij « + &+ (2)

Where p represents the probability that ADL = 1 and “1-p”
represents the probability that ADL = 0. In this study, the stepwise
regression method was used to introduce variables into the model
one by one to ensure that only significant variables were included
in the regression equation before each new variable was introduced.
All statistical procedures in this paper were implemented by
STATA 17.0.

3. Results

3.1. Descriptive statistics of analysis
samples

Overall, women accounted for the vast majority of respondents,
79% of the total sample. The highest age was 98 years, with
62.35% of the population between 60 and 69 years old and over
8% of the total population aged over 80 years. Owing to the low
level of education in China before the 1970’s, more than 76%
of the elderly had an education level below junior high school.
In terms of place of residence, more than 74% of respondents
were from rural areas and only a small proportion had a pension;
20% of the total population had a very good or good SRH status
and 32% had a poor or very poor one. It is pleasing to note
that only 18% of seniors had an ADL shock, indicating that
most seniors can take care of themselves in daily life. At the
same time, 6.38% of seniors smoked and 18.97% drank alcohol,
indicating that most seniors adopt a healthy lifestyle. Overall,
12.88% of seniors suffered from lung-related diseases, stroke, or
asthma. In terms of air quality, the average AQI value was between
77 and 78. 78% of people were living in an environment with
an AQI between 50 and 100, with good air quality. However,
the results of 5,172 samples reveal that there is a significant
difference in air quality levels among cities, with the maximum
AQI being three times higher than the minimum. Obviously,
compared with the sewage treatment rate, the green coverage rate
is not ideal, and there is a gap between cities. The description
of the variables and the results of the survey are shown in
Tables 1, 2.

3.2. Effects of air quality index on health
shocks

The results of the ordered logit regression (Table 3) show that
the effect of AQI on SRH is significant at the 0.05 level after the
inclusion of the relevant control variables, implying that AP has
a significant positive effect on the deterioration of SRH among
the elderly. Models 1 to 4 are the stepwise test results of AQI
and SRH. Model 1 exhibits that, without any control variables,
AQI successfully passes the significance test and the estimated
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coeflicient of AQI is 0.26, which is significant at the level of 5%.
Individual control variables and urban-level control variables in
models 2 to 4 are gradually included as control variables, and
AQI still has a significant positive impact on SRH (OR = 1.004;
95% CI:1.001-1.007; P < 0.05). Among the control variables,
SRH is significantly influenced by age (OR = 0.016; 95% CI:
0.007-0.024; P < 0.01), sex (OR = 0.724; 95% CI: 0.623-0.841;
P < 0.05), residence (OR = 0.796; 95% CI: 0.685-0.926; P <
0.01), pension (OR = 0.681; 95% CI: 0.575-0.807; P < 0.01),
smoking (OR = 1.464; 95% CI: 1.160-1.847; P < 0.01), drinking
(OR = 0.647; 95% CI: 0.562-0.745; P < 0.01). Age, smoking,
and HPI (OR = 2.710; 95% CI: 2.307-3.184; P < 0.01) have
negative effects.

In binary logit regression (Table 3), model 1 demonstrates that
the estimated coefficient of AQI is 0.274, which is significant
at the level of 10%, in the absence of any control variables.
After accounting for all control variables, the estimated coefficient
of AQI is 0.399 (OR = 1.005; 95% CI: 1.001-1.009; P <
0.05). Similarly, we also found that age (OR = 0.951; 95%
CL: 0.939-0.963; P < 0.01) has a significant negative impact
on ADL.

3.3. Heterogeneity analysis between
subgroups

3.3.1. Comparative analysis of different ages,
sexes, and regions

To analyze the difference in the relationship between air quality
and health shocks, heterogeneity tests were conducted based on
age, gender, and regional groups. According to the division of
age from Hu et al. (11) and Zeng et al. (37), our samples were
divided into 60-69 and 70+ years (we classified these two groups
as “young-older” and “older respectively. The gender groups
were divided into male samples and female samples. Regional
groups were divided into eastern, central, and western regions
according to geographical location. The regression analyses were
conducted on these sub-samples to examine how the effects of
AP on health shocks in older people differed across age, sex,
and regional groups. The effect of AQI on SRH and ADL is
significant in the “young-older” group (Table 4). Specifically, the
estimated coeflicients are 0.1074 for SRH (P < 0.05) and 0.0694
(P < 0.05) for ADL, respectively. The “older” group did not
pass the significance test. Compared with the “older” group, air
quality has a significantly greater impact on the “young-older”
group. AQI has a significant effect on impaired daily behavior
in regions with different levels of economic development, but we
did not observe a statistical significance in SRH. Specifically, as
shown in Table 5, the estimated coefficient of ADL in the eastern
region is 0.1159 (P < 0.05); the estimated coeflicient of ADL in
the central region is 0.2444 (P < 0.01). Finally, we conducted
interaction effect analyses, the results showed that there were
significant differences in age groups (P < 0.01) and regional groups
(P < 0.1), but no significant difference in sex groups (details
in the Table 6). Therefore, it can be considered that AQI has a
differential impact with regard to health shocks at different age or
regional groups.
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TABLE 1 Statistical description of analysis samples created from CHARLS.

Self-rated health

10.3389/fpubh.2023.1087626

Activities of daily living

Very Fair Very poor/Poor No difficulty  Difficulty
good/Good
N =1,038 N = 2,465 N = 1,669 N = 4228 N =944 X2
Age group 26.7544 | 0.000 402321 | 0.000
60-69 698 1,563 964 2,551 674
70+ 340 902 705 3,831 220
Sex 38.9079 | 0.000 204.5593 | 0.000
Female 768 1,937 1,398 3515 588
Male 270 528 271 713 356
Education 29.1640 | 0.000 17.0521 | 0.001
Primary school 483 1,218 897 2144 454
Junior high 282 649 446 1,150 227
Senior high 192 382 232 620 186
College 81 216 94 314 77
Marital 161117 | 0.000 29.4200 | 0.000
Single 203 539 431 1,022 151
Married 835 1,926 1,238 3,206 793
Residence 77.9096 | 0.000 204121 | 0.000
Village 720 1,752 1,368 3,194 646
Town 318 713 301 1,034 298
Pension 121.5664 | 0.000 48.1332 | 0.000
No 785 1,897 1,493 3,489 686
Yes 253 568 176 739 258
Smoke 0.0884 | 0.957 30.9441 | 0.000
No 970 2,310 1,562 3,996 846
Yes 68 155 107 232 98
Drink 722044 | 0.000 92.8579 | 0.000
No 763 1,983 1,445 3,531 660
Yes 275 482 224 697 284
HPI 2395507 | 0.000 58.6268 | 0.000
No 979 2,207 1,320 3,641 865
Yes 59 258 349 587 79

chi-square test and p-value.

3.3.2. Impact degree of exposure to six pollutants

Considering that different sources of pollutants have different
degrees of health effects, the environmental variable was replaced
by the average concentrations of PMj 5, PMjg, SO2, NO,, CO,
and O3 from 2017 to 2018 to test the robustness of the previous
conclusions (13). According to Table 7, PM;y (P < 0.05), O3 (P
< 0.01), and NO; (P < 0.01) have significant effects on SRH
of the elderly. According to the results in Table 8, PM,s5 (P <
0.05), PM;o (P < 0.01), CO (P < 0.05), O3 (P < 0.01), and NO,
(P<0.01) have significant effects on the ADL of the elderly. After
replacing variables, they still pass the significance test, indicating
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that the results of the previous model are reliable. Under the same
conditions, in areas where O3 and NO, are the main sources of
pollutants, the residents are more vulnerable to health shocks.

4. Discussion

This paper used CHARLS2018 data, binary logit regression
modeling, ordered logit regression modeling and stepwise
regression to investigate the impact of AP on the health of the
elderly. We took the annual average value of the AQI of the area
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TABLE 2 Overall characteristics of  environmental factors in China (2017-2018).

Self-rated health

Activities of daily living

Very Fair Very poor/poor No difficulty Difficulty

good/good

N =1,038 N = 2,465 N = 1,669 N =4,228 N =944 ‘
Mean £ SD
AQI 222 | 0.1086 78.590 + 19.722 78.001 + 18.816 77.049 £ 20.317 329 | 00697 | 77.580+19.543 | 78.853 % 19.281
PMys(pg/m®) | 212 | 0.1206 42.872 % 13.637 42.976 4 13.286 42.106 + 14.564 360 | 00578 | 42502413892 | 43.444 +13.274
PMp(pg/m®) | 2.59 | 0.0752 74.207 £ 24.410 73.157 % 23.146 72.090 % 24.562 378 | 00519 | 72718 4+23.852 | 74389 %+ 23.947
S0(ng /m*) 333 | 0.0359 16.169 % 7.980 15505 = 7.098 15.932 £ 8.010 0.84 | 03597 15.730 £ 7.623 15.981 =+ 7.420
CO (mg /m?) 193 | 0.1452 0.917 = 0.230 0.925 £ 0.225 0.910 = 0.232 476 | 0.0291 0.915 = 0.229 0.933 £ 0.226
03(ug /m?) 503 | 0.0066 93.962 + 12.360 92.666 + 12.084 92.569 + 12.191 418 | 0.0409 | 92731412175 | 93.628 £ 12210
NO,(pg /m?) 6.67 | 0.0013 31.527 £ 9.850 31.526 + 9.625 30470 & 9.767 721 | 0.0073 31.014 £ 9.741 31.955 = 9.689
bGreen 41377 £5.772 40.928 + 6.022 41433 £ 5.838 41.363 + 5.588 41.785 + 6.134
Sewpro 95.785 % 1.708 95.624 % 1.692 95.723 + 1.724 95.670 =+ 1.725 95.652 =+ 1.624

Mean =+ SD: mean = standard deviation.
*Variables from the air quality historical data query platform and yearbooks are city-level.

b Sewpro: Sewage treatment rate (%) = (sewage treatment volume / total sewage discharge) x 100%.

Green: Green Ratio (%) = (vertical projected area of green plants / urban area) x 100%.

CPM,5(iLg /m?), PMjo(pg /m*), SOz (g /m?), CO (mg /m?), O3 (jLg /m?) and NO, (jLg /m?) represent the concentration of pollutants in the air.

4 Analysis of Variance and p value.
¢Two-group t-test and p value.

where the elderly population was located as the proxy indicator
to reflect long-term AP and divided the health impact into two
dimensions: self-assessment of health and daily behavioral ability.
AQI and six types of pollutants were included as independent
variables, which not only shows the impact of different sources
of pollutants on health shocks, but also supports the reliability of
our results. The study found that AP had a positive effect on the
occurrence of health shocks in older people. This was reflected in
impaired ADL and poor SRH. It is worth noting that the effect of
AP on health shocks in older people shows some heterogeneity,
with the effect of AP on health shocks in older people being more
pronounced in the 60-69 year age group, the eastern/central
regions with better economic development, and in areas with high
concentrations of NO; and O3 in the air.

AP damages both physical and mental health (15-17),
especially affecting the self-rated health of low socio-economic
groups (13) and increasing the probability of ADL disability
(18, 19). Previous studies concerning older age groups mostly
concentrated on the effects on mortality but did not assess the
extent to which AP affects negative health events among residents
in an aging society. Our study, for the first time, examines the
connection between air quality and its effects on health shocks
in senior citizens. This study introduces the variable of “health
shocks” and tries to combine early studies to measure the impact on
health by using the deterioration of SRH and ADL. As an undefined
concept, health shocks can be creatively defined as adverse
occurrences that the elderly undergo with aging and degradation
of physical function. Our analysis suggested that the air quality has
an impact on their daily living ability as well as self-rated health,
both of which are associated with an increase in health expenditure
(44, 45). Therefore, the first marginal contribution of this study is
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to extend the horizon of research on health shocks in the context
of aging. In addition, environmental issues are a major problem
worldwide. Our study also enriches the systematic analyses of
environmental pollution, providing fresh micro evidence for the
impact of AP on the health of the elderly population.

Previous analyses of age and gender heterogeneity have not
come to a consensus owing to the complexity of the source of
contaminants (13, 18, 43). Compared with women, men are more
likely to work outside and are susceptible to AP for a longer
period of time (13), their health is thereby more negatively affected
(43); nevertheless, female residents have the traits of a long life
expectancy but greater inhalation of cooking fumes at home, which
leads to ADL disability (18). Based on biophysical differences in
vulnerability (age or baseline health) (46), it can be considered
that people over 60 years old have a more significant and negative
ADL disability (18). Interestingly, individuals facing the same
environmental conditions show different health responses through
defensive and compensatory behaviors in practical terms (47, 48).
Elderly people over 70 are more likely to spend less time outdoors
during periods of high pollution and choose to stay at home. As
a result, the cumulative health damage is small in this age group,
while older people between the ages of 60 and 70 years tend to
work outside and provide intergenerational care (45, 49). Existing
studies have categorized young-older people aged 60-69 years as
a vulnerable group (50), but research on this group is insufficient,
with most surveys reporting on the health of the entire older
population. Different age groups have significantly different access
to environmental resources and abilities to avoid environmental
externalities (45); therefore, physical and mental health issues in
this younger group should be explored in the future. Regional
differences in the effects of AP on residents’ health are significant
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TABLE 3 Odds ratios (95% Confidence Intervals) and regression coefficient of cross-sectional impact of 2-year exposure to air pollution on health
shocks among Chinese elderly, CHARLS 2018.

Model 1 Model 2 Model 3 Model 4 ORs (95% Cl)
SRH ADL SRH ADL SRH ADL SRH ADL
(95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl)
2AQI b0.260* 0.274* 0.212** 0.318** 0.259** 0.337** 0.256** 0.399**
€(0.058, 0.463) (—0.004, 0.551) (0.007, 0.418) (0.030, 0.607) (0.052, 0.465) (0.043, 0.630) 41.004 (1.001, 1.005 (1.001,
1.007) 1.009)
Age —0.017** —0.053"** —0.017"* —0.052%** —0.017"* —0.052%**
(—0.025, (—0.065, (—0.026, (—0.065, 0.016 (0.007, 0.951 (0.939,
—0.009) —0.040) —0.009) —0.039) 0.024) 0.963)
Sex 0.406™** 1.157%%* 0.303*** 1.031%%* 0.303%** 1.030***
(0.277, 0.536) (0.996, 1.318) (0.153, 0.452) (0.843,1.219) 0.724 (0.623, 2.811 (2.333,
0.841) 3.389)
Married 0.114* 0.120 0.083 0.103 0.083 0.108
(—0.018, 0.247) (—0.082, 0.323) (—0.051, 0.218) (—0.102, 0.308) 0.916 (0.801, 1.124 (0.917,
1.048) 1.378)
Resid 0.410*** 0.237** 0.2427%* 0.084 0.2427%* 0.080
(0.288, 0.533) (0.070, 0.404) (0.091, 0.394) (—0.126, 0.294) 0.796 (0.685, 1.067 (0.866,
0.926) 1.315)
Educa 0.075 —0.052 0.057 —0.072 0.057 —0.069
(—0.050, 0.200) (—0.235, 0.130) (—0.069, 0.184) (—0.257,0.114) (—0.069, 0.184) (—0.255,0.116)
0.218*** 0.382%** 0.157** 0.342%** 0.157** 0.347***
(0.065, 0.371) (0.178, 0.587) (0.002, 0.313) (0.133, 0.550) (0.002, 0.313) (0.139, 0.556)
0.223** 0.191 0.149 0.142 0.149 0.142
(—0.019, 0.427) (—0.098, 0.481) (—0.060, 0.358) (—0.154, 0.438) 0.935 (0.883, 1.101 (1.017,
0.991) 1.193)
Pension 0.452%+* 0.338"** 0.452%** 0.332%**
(0.283, 0.621) (0.112, 0.563) 0.681 (0.575, 1.337 (1.069,
0.807) 1.674)
Smoke —0.314"* —0.031 —0.314™* —0.027
(—0.547, (—0.315, 0.254) 1.464 (1.160, 0.913 (0.688,
—0.081) 1.847) 1.212)
Drink 0.404** 0.335%* 0.404* 0.339%*
(0.262, 0.545) (0.154, 0.517) 0.647 (0.562, 1.439 (1.202,
0.745) 1.724)
HPI —0.866™"* —0.614%** —0.866™"* —0.612%**
(—0.972, (-0.766, 2.710 (2.307, 0.570 (0.442,
—0.759) —0.463) 3.184) 0.735)
Green —0.001 0.004
0.981 (0.959, 1.021 (0.989,
1.003) 1.055)
Sewpro 0.001 —0.029
0.981 (0.959, 0.961 (0.917,
1.003) 1.007)

Marri, Marital status; Resid, Residence; Educa, Education; HPI, history of present illness.

2The AQI were In-transformed in these models.

bStepwise regression Coefficient: Standard errors in parentheses, clustered at the Provincial level. *, **, and *** indicate significance at the levels of 10, 5, and 1%, respectively.

€95% confidence intervals.

4The column of model 4 is the confidence interval of Odds ratios (ORs) (95% CI).
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TABLE 4 Heterogeneity of SRH and ADL among different age groups of residents affected by air quality index.
2Age#AQl
(4)
SRH ADL
AQI 0.0822** 0.0534** 0.1074** 0.0694** 0.0558 0.0253 —0.0001 —0.0135™*
(0.0410) (0.0132) (0.0287) (0.0119) (0.4232) (0.4579) (0.9472) (0.0000)
cons 0.4044 0.2960 0.3933 0.0088 0.1614 0.7075
(0.4511) (0.2931) (0.5528) (0.9803) (0.8590) (0.1216)
Obs 5,172 3,225 1,947 5,172
adj. R? 0.0824 0.0644 0.0927 0.0752 0.0679 0.0495

2The column of (4) is the interaction effects between age factors and air quality.

Standard errors in parentheses, clustered at the Provincial level. *, **, and ***

indicate significance at the levels of 10, 5, and 1%, respectively. The control variable results are not listed here.

TABLE 5 Heterogeneity of SRH and ADL among different regional groups of residents affected by air quality index.

Central 4Regionl#AQl Region2#AQl
(4) (5) (6)
SRH ADL SRH ADL SRH ADL
AQI 0.0821** | 0.0532% | 00515 | 01159 | 0.0530 00533 | —0.0011 | 02444*** | —02157 | 0.1642 | 0.7942* | 0.0068
(0.0411) | (0.0133) | (0.6071) | (0.0262) | (0.5455) | (0.2489) | (0.9939) | (0.0013) | (0.6256) | (0.6027) | (0.0878) | (0.9836)
Cons 07909 | 0.7498*** | 12163 | 24510"* | 10771 | —0.2679 & 1.3838 1.4921%
(0.1480) | (0.0086) | (0.3721) | (0.0008) | (0.4441) | (0.6956) | (0.1989) | (0.0108)
Obs 5,172 1,774 1,783 1,615 5,172 5,172
adj. R? 0.0847 0.0761 0.0952 0.0984 0.0628 0.0984 0.0869 0.0984

2The columns of (5) and (6) are the interaction effects between regional factors and air quality.
Standard errors in parentheses, clustered at the Provincial level. *, **, and ***indicate significance at the levels of 10, 5, and 1%, respectively. The control variable results are not listed here.

TABLE 6 Heterogeneity of SRH and ADL among different gender groups of residents affected by air quality index.

Female aSex#AQl
()] (4)
SRH ADL
AQI 0.0772* 0.0447* 0.1496* 0.1248% 0.0604 0.0300 03233 0.3622
(0.0523) (0.0370) (0.0776) (0.0248) (0.1802) (0.1805) (0.3159) (0.1618)
cons 0.7750 0.7545%* —1.6841 07114 1.3586* 0.7717%%
(0.1575) (0.0092) (0.1661) (0.3830) (0.0265) (0.0083)
Obs 5172 1069 4103 5172
adj. R? 0.0826 0.0530 0.1158 0.0660 0.0700 0.0289

2The column of (4) is the interaction effects between sex factors and air quality.

Standard errors in parentheses, clustered at the Provincial level. *, **, and *** indicate significance at the levels of 10, 5, and 1%, respectively. The control variable results are not listed here.

in central China, which is consistent with previous studies (43, 51).
However, we found that there is an internal difference in the air
quality and ADL of the elderly in the central and western regions.
This study updates the previous practice of dividing regions into
two categories (East and Midwest) (51). According to the air quality
data we studied, the average AQI in the eastern and central regions
is 85 and 83, respectively, higher than 66 in the western regions.
With regard to the significant difference in the east, a possible
explanation is that the level of economic development in the east
is higher than that in the west (35, 51), and the AP is serious,
which has a more significant impact on the elderly exposed to
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pollutants. Based on data from the 2018 China Statistical Yearbook,
1,774 samples from the east show that the average per capita
gross domestic product (GDP) is 79,065 Chinese Yuan (CNY),
compared with 46,481 CNY in the western regions and 46,153 CNY
in the central regions (28). Although the heterogeneity analysis
was divided by geographical location, our result is similar to that
grouped by GDP (18), and we have consistently concluded the
significance of the high GDP group. Interestingly, Liu et al. (51)
found the heterogeneity in the Midwest regions, but the health of
the eastern population was not sensitive to AP (51). We suspect that
the reason for the difference is that, on the one hand, we selected the
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TABLE 7 Results of SRH and pollutant heterogeneity analysis.

10.3389/fpubh.2023.1087626

PM, 5 0.0030

(0.1468)

PM;, 0.0027**

(0.0240)

SO, 0.0004

(0.9150)

CcO

0.0728

(0.5347)

O3

0.0073**

(0.0018)

NO,

0.0080**

(0.0042)

Control YES YES YES

YES YES YES

Standard errors in parentheses, clustered at the Provincial level. *, **, and ***indicate significance at the levels of 10, 5, and 1%, respectively.

TABLE 8 Results of ADL and pollutant heterogeneity analysis.

PM, 5 0.0070**
(0.0161)
PM,, 0.0045%*
(0.0090)
SO, 0.0046
(0.3587)
co 0.3763*
(0.0228)
05 0.0101%*
(0.0031)
NO, 0.0127%**
(0.0013)
Control YES YES YES YES YES YES
Cons 4.0699* 4.5990% 3.0791 2.8509 4.3806" 3.4585
(0.0643) (0.0395) (0.1553) (0.1845) (0.0455) (0.1066)

Standard errors in parentheses, clustered at the Provincial level. *, **, and ***indicate significance at the levels of 10, 5, and 1%, respectively.

samples in 2018 from CHARLS, while Liu et al. used the samples
in 2015 from CHARLS (All data is available from https://charls.
pku.edu.cn); on the other hand, we evaluated the deterioration
of health, while the previous study reported the positive score of
health status.

With regard to the significant impact path of pollution, our
findings are consistent with previous studies. Briefly, NO, and O3
proved to be more relevant to health (17, 52). NO, is produced
by vehicle emissions, petrochemical refineries, power plants and
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fuel combustion, and NO combines with O3 in the atmosphere
to produce NO, (53, 54). Deeply penetrating the lungs, NO
can induce respiratory problems such as dyspnea, bronchospasm,
and even pulmonary edema when inhaled in significant volumes
(54-56). Concentrations exceeding 2.0 parts per million can
affect T-lymphocytes, particularly CD8+ cells and NK cells that
trigger immunological responses (56). Long-term exposure to
high concentrations of NO; leads to lung disease, impairs the
sense of smell, and irritates the eye and nasal mucosa (53, 56).
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Ozone production is highly non-linearly related to volatile organic
compounds (VOCs) and NOx. Ground-level ozone is produced
through chemical reactions between NOx and natural sources
(soil and rock weathering, volcanic ash, sea salt and biomass
particles) or VOCs emitted by human activities (53, 55). Ozone
exposure causes the formation of malondialdehyde in the mouse
epidermis, depleting vitamins C and E and leading to skin disease
(57). In addition, ozone has a low water solubility and enters
the lungs deeply after inhalation (58). Over 3 years of tracking,
major European cities reported daily ozone concentrations and
daily death rates. The number of daily deaths, respiratory deaths,
and cardiovascular deaths all increased in direct proportion to
an increase in ozone concentration (59). Exposure to NO, and
O3 in air pollutants has led to an increase in emergency hospital
admissions for cardiovascular and respiratory diseases (54, 55).
However, most of the samples selected in our study were from
rural areas, and the urbanization level is low, so the AP situation
in cities was not well represented. Previous research included
SOz, NO; and PMj, pointing out that the concentration of
SO, and PMj is the main factor affecting the disability of
residents ADL (18). In addition to physiological health, the
increase of NO, and O3 concentrations was also significantly
related to depressive symptoms in the elderly (13, 17). We
analyzed the six types of pollutants separately for supplementary
demonstration. Hence, our second marginal contribution is to
update the existing heterogeneity analysis on the impact of AP on
health. Understanding the real extent of unexpected and serious
health deterioration experienced by the elderly in the face of
changes in the air quality at the individual level will also help local
governments to formulate measures according to the heterogeneity
and inequality of groups and regions.

Despite the practical relevance of the results of the analysis,
there are some limitations to this study. First, the average value
of AQI can empirically reflect the impact of long-term exposure
to AP on residents’ health status. It is undeniable that there are
biases and fewer fine data compared with spatial data. Second,
the matched samples were predominantly female and living in
rural areas, which may affect the applicability and reliability of the
findings to some extent. Third, as CHARLS2018 did not ask how
long individuals had lived in their current residence, we failed to
control for the residence time of the respondents. This problem
can be solved by using CHARLS databases in 2015 and 2018, which
is an important direction for further research. Finally, because
limited by the sample data, the synergistic effects among pollutants
are not explored in depth in this paper. By gradually addressing
the above issues, we can further inform the government on air
pollution management.

5. Conclusion

In this study, we found that air pollution has a significant
positive impact on health shocks in old age. The government should
focus on increasing efforts to combat environmental pollution and
develop a long-term environmental health work plan. Second, the
government should pay particular attention to the health status
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of older groups, especially those without pension support, in
rural areas, and young-older people with low levels of education,
who are among those at high risk of health shocks. The serious
consequences of health shocks can be addressed by increasing the
availability of pensions and spreading knowledge of environmental
and health sciences. Finally, as young-older people are exposed
to air pollution when working outside the home or caring for
grandchildren, it is particularly important that they take the
necessary measures to protect themselves to mitigate the health
effects of air pollution.
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