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Abstract

Background: PM2.5 pollution has become a major public health concern in urban China. Understanding the
residents’ individual perceptions toward haze pollution is critical for policymaking and risk communication.
However, the perceptions of middle-aged and elderly residents, who particularly vulnerable to haze pollution, are
poorly understood. In this study, we aimed to explore their risk perceptions of haze pollution and investigate its
relationship with health status and pulmonary function parameters.

Methods: A cross-sectional study of 400 randomly sampled individuals (aged 40 to 90 years) was conducted in
Wuxi, a typical PM2.5-polluted city in Jiangsu Province, China (during 2015–2017, daily average concentration of
PM2.5 was 52.7 μg/m3). Each participant’s demographic and health information, individual perception and
pulmonary function outcomes were collected to explore the relationships between perception factors and personal
characteristics and pulmonary function parameters, using linear models.

Results: We found that the mean values for controllability (5 ± 2.8) and dread of risk to oneself (levels of fear for
haze-related harm to oneself) (6.9 ± 2.5) were the lowest and the highest values, respectively, in our study.
Education and average family income were positively related with all individual perception factors, while age was
negatively associated. A history of respiratory disease was positively associated with all individual perception factors
except controllability. Significant positive associations were observed between PEF (coefficients ranged from 0.18 to
0.22) and FEF75% (coefficients ranged from 0.18 to 0.29) with a variety of individual perception factors.

Conclusions: There were a lack of concern and knowledge, weak self-protection consciousness and a strong dread
of PM2.5 pollution among the middle-aged and elderly residents in Wuxi. Their individual perceptions were
associated with age, education levels, average family income, history of respiratory disease, PEF and FEF75%. Our
findings may help policymakers develop effective policies and communication strategies to mitigate the hazards of
haze among older residents.

Keywords: PM2.5, Risk perception, Elderly, Policy

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: njmu_sunhong@hotmail.com; cqjscdc@126.com
1Jiangsu Provincial Center for Disease Control and Prevention, Jiangsu Road
172, 210009 Nanjing, PR China
Full list of author information is available at the end of the article

Chen et al. BMC Public Health          (2020) 20:899 
https://doi.org/10.1186/s12889-020-08713-6

http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-020-08713-6&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:njmu_sunhong@hotmail.com
mailto:cqjscdc@126.com


Background
Particulate air pollution is a severe global issue. The evi-
dence of a link between increased mortality and particu-
late matter exposure has been established in more than
600 cities across the globe [1].
With rapid economic growth, energy consumption

and air pollutant emissions have substantially increased
in China [2]. Fine particulate matter with a diameter of
< 2.5 μm (PM2.5) pollution has become one of the most
severe environmental problems, especially in highly in-
dustrialized urban areas of China [3]. Numerous studies
have established that PM2.5 pollution threatens human
health in many ways; it increases the morbidity and mor-
tality of respiratory and cardiovascular diseases, impairs
humans’ pulmonary and cognitive function, and has ad-
verse effects on mental health and well-being [4–6]. Al-
though PM2.5 is hazardous to the whole population,
elderly people are especially vulnerable [7].
In addition to health impacts, large-scale PM2.5 pollu-

tion in Chinese urban areas have also caused some social
problems. In the winter of 2018, many areas of China
had haze pollution alerts and closed important express-
way stations due to the serious smog [8]. In areas with
high concentrations of PM2.5, PM2.5 pollution-related
diseases cause additional medical expenses, work time
loss and GDP loss [9, 10].
Because frequent haze pollution has led to a rise in

Chinese public concern and has caused the potential risk
of social unrest [11]. The Chinese government has thus
far established a series of environmental regulations to
control industrial and vehicular emissions, encourage
clean energy and set up air pollution warning systems
and action plans for haze episodes [12–14].
According to the Chinese National Ambient Air Qual-

ity Standard, annual mean PM2.5 concentration should
not exceed 35 μg/m3 [15]. However, all the annual mean
PM2.5 concentrations of the 13 cities in Jiangsu province
exceeded this standard during 2015–2017 [16]. Real-
time PM2.5 concentrations have been made available to
the public in recent years. However, some recent studies
suggest that less than half Chinese urban residents check
the daily air quality index (AQI), their most favored ways
to obtain haze-related information were from television,
internet and newspapers [11, 17]. These findings indicate
that it is important for the government to deliver effect-
ive environmental education and risk communication to
local residents through their favored ways.
“Risk perception” is how people judge the magnitude

and degree of risk with their intuition [18]. It is a very
important and effective indicator of public concern
about air pollution. Risk perception can guide individ-
uals’ self-protective behaviors and help them respond to
government work [19]. On the other hand, understand-
ing the population’s risk perception can help the

government engage in efficient risk communication to
bridge the gap of risk perception between the experts
and the public, and to create effective policies to protect
public health and mitigate potential adverse socioeco-
nomic impacts.
Given that a proper understanding of individual per-

ceptions of air pollution is critical for policymaking and
risk communication, many studies have been conducted
to explore the public’s perception of air pollution in re-
cent years [20–25]. Previous studies have reported that a
lower level of education and income might be associated
with more dissatisfaction with respect to air pollution
[20, 21]. Qian and Kim et al. found that women and
younger people are more sensitive to air pollution risks
[17, 22]. However, other studies have indicated that
middle-aged and elderly people perceived greater risk
and health threats associated with air pollution [23–25],
and people with higher education and income levels
tend to be more concerned about air pollution [26–28].
Moreover, individual perception could be influenced by
health status, thermal sensations, and personal experi-
ences with air pollution [19, 29, 30].
The majority of previous studies have focused on a

relatively young population. Their respondents were
younger and more educated than the average individ-
ual in the targeted population, this was potentially be-
cause older, uneducated people have fewer chances to
participate in such studies and have greater difficulty
in understanding questions [19, 30, 31]. Middle-aged
and elderly residents are particularly vulnerable to air
pollution [32, 33]; therefore, it is crucial to under-
stand their risk perceptions and develop targeted pol-
icy strategies to protect them. However, it might be
inappropriate to generalize the conclusions of previ-
ous studies directly to them. Because compare to
young people, middle-aged and elderly individuals are
more likely to have cardiovascular diseases and worse
pulmonary function [34, 35]. Those characteristics
may largely affect their risk perceptions.
In light of these findings, we conducted our study

among the middle-aged and elderly residents (age be-
tween 40 to 90 years old) from Wuxi, an important eco-
nomic and industry center in the Yangtze River Delta
region. The aims of this study were to explore middle-
aged and elderly urban residents’ risk perceptions of
haze pollution and to determine the relationship be-
tween health status and pulmonary function parameters
and risk perception.

Methods
Questionnaire
The questionnaire was composed of two parts. The first
part of the questionnaire surveyed demographic infor-
mation and health status. For health status, we collected
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information about history of cardiovascular disease and
history of respiratory disease. The participants with diag-
nosed hypertension, arrhythmia, coronary heart disease,
myocardial infarction or any other cardiovascular disease
that had been reported to be related to PM2.5 pollution
were defined as “have a history of cardiovascular dis-
ease”. Those with diagnosed asthma, chronic obstructive
pulmonary disease, lung cancer, chronic respiratory in-
flammation or acute respiratory inflammation (occurring
within 1 year) were defined as “have a history of respira-
tory disease”.
The second part consisted of eight questions that

reflected individual perceptions of PM2.5 pollution and
its related health effects. It was designed based on the
psychometric method and adapted from a previous study
by Ban et al. [19]. The eight perception factors were con-
cern, severity of air pollution, severity of health effects,
knowledge, familiarity, dread of risk to oneself, dread of
risk to others and controllability. Each question asked
the participants to give a score from 1 to 10 to reflect
their perception levels (Specific questions and risk char-
acteristics’ definitions are shown in Additional file 1). In
this study, the total Cronbach’s alpha value was 0.88.

Sample selection
This study was conducted in Wuxi, an important indus-
try and economy center in Yangtze River Delta region.
According to the government monitoring data, the mean
concentration of PM2.5 in Wuxi was 52.7 μg/m3 between
2015 and 2017, which was 5.3 times higher compare to
the WHO air quality guideline’s stipulation (PM2.5

should not exceed 10 μg/m3 annual mean) [16].
Considering the large population (more than 6 mil-

lion) of Wuxi, we used a two-step sampling method in
this study to narrow down the sampling population and
capture key population characteristics. First, one district
and one county were randomly selected from 5 districts
and 2 counties, respectively, in the city. Then, based on
probabilities proportional to population size, all commu-
nities in the district/county with more than 10,000 resi-
dents selected as our basic sample units. In the second
step, one such community was randomly selected from
both the chosen district and county, and 200 middle-
aged and elderly residents (aged 40 to 90 years, living at
their current residence for more than 3 years before this
study) from each community were randomly selected by
turns. We built a table contains the IDs of all the resi-
dents who met the criteria, and then the first resident
was chosen by generating a random number; the other
199 residents were in turn chosen by equal interval
numbers based on the previous resident ID. If the se-
lected resident refused to participate our survey, another
resident with the next ID number was chosen, until we
successfully interviewed 200 residents in each area.

Overall, 416 residents were approached, of whom 400
responded (response rate: 96.1%).
Formula for estimating sample size is as follows: N =

U2
ασ

2

Δ2 , where take α = 0.05 as significance level, σ is the

standard deviation, σ = 2.5, Δ = 1
10 σ =0.25,

N ¼ 1:9622:52

0:252
¼ 384:16 ¼ 384

Power calculation was performed using PASS15.0 soft-
ware for our sample size. In this study, the estimated
correlation coefficients between pulmonary function
outcomes and individual perception of PM2.5 were more
than 0.2. We set the significance level at α = 0.05, the es-
timated power for the sample size of 400 was more than
98%.
All participants were interviewed face-to-face by a

member of our research team, and the pulmonary func-
tion test was performed by trained specialists. A total of
400 residents from the two communities completed the
questionnaire, 398 of which successfully underwent pul-
monary function testing.

Pulmonary function test
Pulmonary function tests were conducted by trained
specialists using a portable spirometer (MINATO™ AS-
507, Japan), in accordance with the guidelines provided
by the American Thoracic Society/European Respiratory
Society (ATS/ERS). Pulmonary function parameters, in-
cluding FVC (forced vital capacity, L), FEV1 (forced ex-
piratory volume in the first second, L), PEF (peak
expiratory flow, L/s), FEF25% (forced expiratory flow at
25% of forced vital capacity, L/s) and FEF75% (forced ex-
piratory flow at 75% of forced vital capacity, L/s), were
selected for statistical analysis.

Statistical models
Descriptive statistics were used to illustrate the sample
characteristics, pulmonary function outcomes and indi-
vidual perceptions of PM2.5 pollution.
Results of sample characteristics were expressed as

numbers and rates, while pulmonary function outcomes
and individual perceptions of PM2.5 pollution were
expressed as mean and standard deviation (SD). Stu-
dent’s t-test was used to compare the individual percep-
tion factors of PM2.5 pollution between the middle-aged
and elderly groups.
To examine the effects of demographic and health sta-

tus variables for individual perceptions of PM2.5 pollu-
tion, we constructed linear regression equation models.
The model included each individual perception factor as
a dependent variable. Age was divided into five groups:
41–50 years old = 1, 51–60 years old = 2, 61–70 years
old = 3, 71–80 years old = 4, and 81–90 years old = 5.
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Education was divided into four groups: primary school
and below = 1, middle school = 2, high school = 3, and
college and above = 4. Income was divided into three
categories (CNY/year): < 20,000 = 1, 20,000–35,000 = 2,
and > 35,000 = 3. Other binary variables included gender
(male = 1, female = 2), history of cardiovascular disease
(no = 0, yes = 1), and history of respiratory disease (no =
0, yes = 1).
Generalized linear models (GLMs) were used to ex-

plore the relationship between pulmonary function pa-
rameters and individual perception factors of PM2.5.
Considering pulmonary function (spirometric measures
FEV1, FVC., etc.) accelerates the loss in function after
65 years of age, and age was reported as an important in-
fluencing factor of risk perception in previous studies
[36]. We conducted separate analyses for the middle-
aged group (aged 41–65, N = 195) and the elderly group
(aged 66–90, N = 203). Age in years, education, average
family income and history of respiratory disease were in-
cluded in all initial models. Since some of these variables
were correlated, we used stepwise regression to remove
highly correlated covariates from the initial models. The
variance inflation factor (VIF) of the models after step-
wise regression selection were all < 5.
All statistical analyses were performed using R soft-

ware (version 3.3.1, R Foundation for Statistical Com-
puting, http://cran.r-project.org/). Generalized linear

models (GLMs) were fitted using the splines package. P-
values < 0.05 were considered significant.

Results
A total of 416 residents were approached, of whom 400
responded (response rate: 96.1%, completion rate: 100%).
Among the responded residents, 398 of these success-
fully underwent pulmonary function tests. The demo-
graphic characteristics and health status of the
participants are summarized in Table 1. There were
49.8% females and 51.2% participants aged over 65 years.
The majority of the participants’ education levels were
below high school (70.8%), and only 30% participants
had an average family income of over 35,000 CNY/year.
Very few of the participants had ever used a household
air purifier (4.8%). A total of 46% of the participants had
a history of cardiovascular disease, and 17% had a his-
tory of respiratory disease.

Pulmonary function outcomes
Descriptive statistics of the participants’ pulmonary
function outcomes are provided in Additional file 2. Ac-
cording to previous studies, pulmonary function (spiro-
metric measures FEV1, FVC., etc.) declines with
increasing age, and the loss in function will especially ac-
celerate after 65 years of age [36, 37]. Therefore, we cal-
culated the pulmonary function outcomes of the

Table 1 Sample description

Characteristic Groups Distribution (n, %)

Age (years old) 41–50 67 (16.8%)

51–60 79 (19.8%)

61–70 88 (22%)

71–80 81 (20.2%)

81–90 85 (21.2%)

Gender Male 201 (50.2%)

Female 199 (49.8%)

Education Primary school and below 139 (34.8%)

Middle school 144 (36%)

High school 80 (20%)

College and above 37 (9.2%)

Average family income (CNY/year) < 20,000 136 (34%)

20,000–35,000 144 (36%)

> 35,000 120 (30%)

Household air purifier use Yes 19 (4.8%)

No 381 (95.2%)

History of cardiovascular disease Yes 184 (46%)

No 216 (54%)

History of respiratory disease Yes 68 (17%)

No 332 (83%)
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participants aged 41–65 (middle-aged group) and of
those aged 66–90 (elderly group) separately. The analysis
showed that the pulmonary function outcomes of the
middle-aged group were all significantly higher than
those of the elderly group.

Individual perceptions
As seen in Table 2, the mean values of individual per-
ception factors in the total sample of participants ranged
from 5 to 6.9. Dread of risk to oneself scored highest,
and controllability scored lowest in our study. In
addition, we compared the differences in individual per-
ception between the middle-aged group and the elderly
group through an independent-sample t-test analysis.
We found that the values of the individual perception
factors of the middle-aged group were all significantly
higher than those of the elderly group (indicated in
Fig. 1).

Factors influencing individual perceptions of PM2.5

To reveal the influencing factors, we employed regres-
sion models to analyze the effects of demographic and
health status variables on individual perceptions of
PM2.5 pollution (Table 3). We found that education (co-
efficients ranging from 0.45 to 0.94) and average family
income (coefficients ranging from 0.39 to 0.72) were
positively associated with all individual perception fac-
tors; in addition, age (coefficients ranged from − 0.41 to
− 0.28) was negatively associated with all individual per-
ception factors. History of respiratory disease (coeffi-
cients ranging from 0.84 to 1.47) was positively
associated with all individual perception factors except
controllability. No significant correlation was found be-
tween history of cardiovascular disease and gender and
any individual perception factor of PM2.5.

Associations between pulmonary function outcomes and
individual perception of PM2.5

We analyzed the associations between pulmonary func-
tion outcomes and individual perceptions, with separate
analyses conducted for the middle-aged group (aged 41–

65, N = 195) and the elderly group (aged 66–90, N =
203). Age in years, education, average family income and
history of respiratory disease were included in all initial
models, and stepwise regression was used to remove
variables.
As shown in Table 4, we observed significant positive

associations of PEF with dread of risk to oneself (coeffi-
cient = 0.2, P < 0.05) and dread of risk to others (coeffi-
cient = 0.22, P < 0.05), and we observed positive
associations of FEF75% with severity of health effects (co-
efficient = 0.2, P < 0.05), familiarity (coefficient = 0.18,
P < 0.05), dread of risk to oneself (coefficient = 0.24, P <
0.01) and dread of risk to others (coefficient = 0.26, P <
0.01) among the middle-aged residents. No significant
correlation was found between other pulmonary func-
tion indexes and individual perception factors.
Similar associations were observed among the elderly

residents (Table 5). We observed significant positive as-
sociations of FEF75% with knowledge (coefficient = 0.25,
P < 0.05), familiarity (coefficient = 0.28, P < 0.05), dread
of risk to oneself (coefficient = 0.29, P < 0.05) and dread
of risk to others (coefficient = 0.23, P < 0.05). Further-
more, we also found that FEV1 and FVC were positively
associated with familiarity.

Discussion
In this study, we explored middle-aged and elderly urban
residents’ risk perception of haze pollution and found
they were associated with their health status and pul-
monary function parameters.
Our study found that the mean values for self-

reported controllability and concern were the lowest,
while the mean values for dread (dread of risk to oneself
and dread of risk to others) were the highest in our
study. These results are consistent with those of previous
studies. For example, Liu et al. reported that only 42.5%
of the respondents in Shanghai, Wuhan and Nanchang
paid attention to air pollution-related indicators, and
Lan et al. reported that only 14.6% of respondents in
Nanchang checked the air quality index regularly [11,
38]. Meanwhile, 78.8% of the respondents in Ningbo felt

Table 2 Individual perceptions of PM2.5 pollution (mean ± SD)

Perception factors Total (N = 400) Age: 41–65 (N = 195) Age: 66–90 (N = 205)

Concern 5.7 ± 2.8 6.1 ± 2.6 5.2 ± 3

Severity of air pollution 5.9 ± 2.3 6.4 ± 2.1 5.3 ± 2.4

Severity of health effects 6.8 ± 2.4 7.2 ± 2.2 6.3 ± 2.6

Knowledge 6.6 ± 2.5 7.1 ± 2.2 6 ± 2.6

Familiarity 6.6 ± 2.4 7 ± 2.2 6.2 ± 2.6

Dread of risk to oneself 6.9 ± 2.5 7.3 ± 2.2 6.5 ± 2.6

Dread of risk to others 6.9 ± 2.4 7.3 ± 2.1 6.5 ± 2.6

Controllability 5 ± 2.8 5.4 ± 2.7 4.6 ± 2.8
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dread toward the possible aggravation of the haze, and
83% of respondents in Nanchang worried about the po-
tential adverse impact on their respiratory system caused
by a high level of air pollution [17, 38]. Despite the dread
of haze pollution, less than 5% participants in our study
had ever used air purifiers to improve indoor air quality;
this ratio is much lower than that reported among youn-
ger residents in another study conducted in Nanjing
(15.2% air purifier use) [19]. This may be due to the low
levels of self-perceived controllability in our study; in
other words, the residents do not believe that they can
effectively reduce the health risks associated with haze
by engaging in self-protective behaviors.
Previous studies have indicated that individual percep-

tions of air pollution could be influenced by many fac-
tors, such as age [39, 40], gender [41], education level
[42], family income [43], individual experiences [19], and
health symptoms [30]. Supporting the previous findings,
we found that education and average family income were
positively associated and age was negatively associated
with all individual perception factors. History of respira-
tory disease was positively associated with all individual
perception factors except controllability in our study.

However, although cardiovascular injury is one of the
most important health hazards of air pollution, no sig-
nificant correlation was found between history of cardio-
vascular disease and any individual perception factor of
PM2.5. This result indicates that the residents with car-
diovascular disease may not identify haze pollution as a
health threat to their disease and did not pay more at-
tention to it than the healthy group did. A good know-
ledge of health risks associated with haze will help
promote self-protective behaviors [19]. Therefore, it is
important to provide education about haze-related
health risks and self-protective behaviors among resi-
dents with cardiovascular diseases. A similar situation
was found by Liu et al., in which only 21.2% of the re-
spondents considered heart problems a health conse-
quence of air pollution [11]. Nevertheless, as indicated
by the self-reported perceived knowledge level (mean
score: 6.6 ± 2.5), Wuxi’s middle-aged and elderly resi-
dents believed that they have adequate haze-related
knowledge. Taken together, these results may reveal a
potential obstacle in current air pollution-related health
education: there is a gap between residents’ self-
perceived knowledge level and their actual level, which

Fig. 1 Comparisons of individual perception factors of PM2.5 pollution between the middle-aged and elderly groups (**P < 0.01, ***P < 0.001)

Table 3 Regression analysis of influencing factors on individual perception of PM2.5 among middle-aged and elderly residents (N =
398)a

Concern Severity of air
pollution

Severity of health
effects

Knowledge Familiarity Dread of risk to
oneself

Dread of risk to
others

Controllability

Age −0.28** −0.4** − 0.35** −0.41** − 0.32** −0.37** − 0.35** − 0.31**

Gender − 0.35 0.09 − 0.36 − 0.4 − 0.24 −0.27 − 0.29 0.08

Education 0.9** 0.54** 0.85** 0.93** 0.86** 0.9** 0.94** 0.45**

Average family income 0.53** 0.39** 0.72** 0.48** 0.55** 0.59** 0.63** 0.39*

History of
cardiovascular disease

−0.42 −0.01 0.03 −0.27 −0.18 − 0.02 0.07 − 0.46

History of respiratory
disease

0.84* 1.06** 1.33** 1.09** 1.17** 1.47** 1.4** 0.03

a: **P < 0.01, *P < 0.05
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may cause insufficient self-protective behavior among
vulnerable groups and incorrect risk perceptions. There-
fore, we suggest that government managers develop tar-
geted health education strategies and risk
communication messages for vulnerable groups, espe-
cially for residents with cardiovascular diseases.
Both pulmonary function outcomes and individual

perceptions could be influenced by age, and they were
significantly different between the middle-aged and eld-
erly groups in this study (shown in Additional file 2 and
Fig. 1). Therefore, we analyzed the associations between
pulmonary function outcomes and individual percep-
tions separately among the middle-aged group (aged 41–
65, N = 195) and the elderly group (aged 66–90, N =
203). It is very interesting that we observed better pul-
monary function outcomes were related to higher self-
perceived levels of severity of health effects, knowledge,
familiarity, dread of risk to oneself and dread of risk to
others in both middle-aged and elderly groups. These re-
sults indicated that residents with worse pulmonary
function might lack knowledge of the hazards of PM2.5

pollution and did not consider PM2.5 pollution as a se-
vere health threaten. As reported in a previous study,
lower knowledge and dread levels may result in less self-
protection behaviors during haze pollution [19], and less
self-protection may further worsen pulmonary function.
These results emphasized the importance of environ-
mental education and risk communication among the
residents with poor pulmonary function.
In this study, we found that FEF75% was associated

with familiarity, dread of risk to oneself and dread of risk
to others in both middle-aged and elderly groups. These
results indicated that FEF75% might be used as an indica-
tor for hospital-based health education to identify who

may need to improve their knowledge and who may
need to relieve their anxiety toward the potential health
risks caused by PM2.5. Our findings suggested that pol-
icymakers should consider the health status of target
population when making health education and risk com-
munication strategies.
To the best of our knowledge, this is the first study

specifically focused on risk perception among Chinese
middle-aged and elderly residents, who are generally de-
fined as the vulnerable group to PM2.5 pollution. We
identified the associations between residents’ individual
risk perceptions with their health status and pulmonary
function outcomes. We discussed several policy implica-
tions in the sections of discussion in this article, our re-
sults may be helpful for policymakers to make more
effective policies.
Our study also has some limitations. First, as a cross-

sectional study, the pulmonary function tests were per-
formed on the same day as the questionnaires, and we
observed that the residents’ pulmonary function out-
comes were associated with their individual perceptions.
As a previous study reported that higher levels of risk
perceptions may promote residents take additional pro-
tective actions [19]. In this study, we cannot decide
whether higher levels of risk perceptions have helped
protect residents’ pulmonary function. Second, our study
participants were sampled based on communities, those
with severe respiratory and cardiovascular disease may
not sufficiently included in our survey. Moreover, all the
questionnaires were collected during the winter of 2018,
season might also influence the residents’ risk percep-
tions. In future work, we plan to conduct surveys in dif-
ferent seasons and include more participants from both
communities and hospitals.

Table 4 Regression analysis of pulmonary function outcomes on individual perception of PM2.5 among residents aged 41–65 (N =
195)a

Severity of air pollution Severity of health effects Knowledge Familiarity Dread of risk to oneself Dread of risk to others

PEF, L/s 0.18* – 0.14 0.16 0.2* 0.22*

FEF25%, L/s – −0.22 – −0.23 −0.2 − 0.17

FEF75%, L/s 0.14 0.2* 0.16 0.18* 0.24** 0.26**
a: **P < 0.01, *P < 0.05
-: removed by stepwise regression selection
All initial models included age, education, average family income and history of respiratory disease, and then underwent stepwise regression selection

Table 5 Regression analysis of pulmonary function outcomes on individual perception of PM2.5 among residents aged 66–90 (N =
203) a

Severity of air pollution Severity of health effects Knowledge Familiarity Dread of risk to oneself Dread of risk to others

FEV1, L – – – 0.65* – –

FVC, L – – – 0.55* – –

FEF75%, L/s – 0.21 0.25* 0.28* 0.29* 0.23*
a: *P < 0.05
-: removed by stepwise regression selection
All initial models included age, education, average family income and history of respiratory disease, and then underwent stepwise regression selection
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Despite these limitations, our study provides a refer-
ence for government managers about the associations
between Chinese middle-aged and elderly urban resi-
dents’ individual risk perceptions with their health status
and pulmonary function outcomes for the first time, and
lays the foundation for subsequent researchers.

Conclusions
Our study suggests that middle-aged and elderly resi-
dents may lack concern about air pollution, and their
perception of knowledge might be highly different from
their real knowledge. Moreover, they may have no confi-
dence in mitigating PM2.5-related health risks by self-
protective behaviors, and dread of the hazards of PM2.5.
Their individual perceptions were associated with age,
education levels, average family income, history of re-
spiratory disease and their pulmonary function out-
comes. Our findings may help government managers
ascertain sensitive groups and make targeted strategies
to conduct correct environmental education, strengthen
risk communication, relieve dread feelings and encour-
age self-protective behaviors among middle-aged and
elderly residents. Further studies involve more partici-
pants from different regions of China to better under-
stand why Chinse residents are not taking sufficient self-
protective behaviors during haze days are needed.
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