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Abstract

Background To investigate the association between indoor ventilation frequency and symptoms of depression and
anxiety in older persons.

Methods A binary logistic regression model was used to analyze the effects of indoor ventilation frequency on
depression and anxiety by using data from the 2018 Chinese longitudinal healthy longevity survey (CLHLS).

Results A total of 9,690 older persons with an average age of (83.20+ 11.27) years were included, including 4,458
males (46.0%) and 5,232 females (54.0%). The average score of indoor ventilation frequency was (6.06 + 1.98) points,
including 770 people (7.9%) with low frequency, 3,066 people (31.6%) with medium frequency, and 5,854 people
(60.4%) with high frequency. 842 (8.7%) had symptoms of depression and 204 (2.1%) had symptoms of anxiety.
Compared with the older persons with low indoor ventilation frequency, the older persons with higher ventilation
frequency had a lower incidence of depression (OR(95%Cl)=1.92 (1.50~2.46), 1.51 (1.27 ~1.79); P<0.001). However
indoor ventilation frequency was not associated with anxiety symptoms.

Conclusion Indoor ventilation frequency is related to depressive symptoms in older persons. Communities and

families should pay more attention to indoor ventilation and intervene in time to promote and improve the mental
health of older persons.
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Introduction

China’s recent 7th population census showed that the
proportion of older persons aged 60 and above in the
total population was as high as 18.7%, indicating that the
degree of aging in China has become very serious [1].
The National Health Commission subsequently released
the “14th Five-Year Plan for Healthy Aging’, which aims
to address the current severe aging situation and enable
older persons to live a healthy and active life in their old
age. As China’s population continues to age, more and
more Chinese older persons face health risks (e.g., lone-
liness, anxiety, and depression) [2]. Depression, as one
of the most common mental health disorders in older
persons, seriously affects their health status and quality
of life [3], and its global prevalence has reached 7.0% [4].
The Global Burden of Disease Study 2019 showed that
depression is one of the most disabling mental illnesses
[5]. The disease burden of depression not only affects
the quality of life of millions of people but also imposes
a heavy social burden through long-term health care
services [4]. Anxiety is also one of the common psycho-
logical problems among older persons, which is not only
closely associated with the occurrence of heart disease
and cognitive decline, but also raises the risk of chronic
non-communicable respiratory diseases [6, 7]. As China
has the largest elderly population in the world, anxiety
and depression symptoms in older persons should be
given sufficient attention [8].

Several research studies have been conducted to show
that air pollution is associated with increased symptoms
of depression and anxiety [9, 10]. A UK Biobank-based
study showed that estimates of long-term exposure to
multiple air pollutants were associated with an increased
risk of depression and anxiety [11]. A meta-analysis
has also shown that PM,; exposure is associated with
depression and anxiety [12]. Around the world, most
people spend most of their time indoors (80.0-90.0%)
[13]. Whereas the concentration of pollutants indoors
may be several times higher than outdoors, opening win-
dows and ventilating the air is considered an important
means of reducing indoor air pollution [14]. However,
the evidence of the relationship between the frequency of
indoor ventilation and anxiety and depressive symptoms
is still insufficient. Therefore, this study aimed to inves-
tigate the relationship between indoor ventilation fre-
quency and anxiety and depression symptoms in Chinese
older persons.

Methods

Data sources and sample

The data for this study were obtained from the 8th round
of the China Elderly Health Survey Program. All respon-
dents signed an informed consent form, and the survey
was approved by the Biomedical Ethics Committee of
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Peking University (IRB00001052-13074). In this study,
15,779 older persons aged 65 years and above were
selected as target subjects, and data from 9,690 older per-
sons were finally included after filtering out outliers and
missing values.

Introduction and definition of variables

(1) Depressive symptoms and anxiety symptoms:
depressive symptoms were assessed using the
10-item Center for Epidemiologic Studies Depression
Scale (CESD-10), of which 7 are negative and 3
are positive, with a total score ranging from 10 to
50, with higher scores indicating higher levels of
depression [6]. Checking the related literature, in
this study, 10 ~ 30 have no depressive symptoms and
31~50 are with depressive symptoms [15]. Anxiety
symptoms were assessed using the Generalized
Anxiety Disorder Scale (GAD-7), which has 7
entries, with each entry scored from 0 to 3. A
GAD-7 score of =10 suggests the presence of anxiety
symptoms, and the higher the score, the more severe
the anxiety symptoms.

(2)Indoor ventilation frequency: 0 points for not
opening windows, 1 point for opening windows 1-5
times/week, 2 points for >5 times/week, and the
sum of the ventilation frequency scores for the four
seasons was the total ventilation frequency score,
0-3 points for low frequency, 4-5 points for medium
frequency, and 6-8 points for high frequency.

(3) General information: including age, gender, marital
status, education level, place of residence, economic
status, impaired ability to perform daily living,
smoking and drinking status, self-assessed health
and life satisfaction. Self-assessed health and life
satisfaction were determined by the questionnaire
question, “How do you feel about your health now?”
Self-assessed health was determined by answering
“very good’, “good’, “fair’; and “bad Answers of “very
good” and “good” were judged as good, answers of
“fair” were judged as fair, and answers of “bad” and
“very bad” were judged as bad; satisfaction with life
was determined by the questionnaire question, “How
do you feel about your life now?” Determine the
degree of life satisfaction, answer “very good’, “good”
is judged as satisfied, answer “general” is judged as
general, answer “bad’; “very bad” is judged as bad.
Answers of “very good” and “good” were judged as
satisfactory, answers of “fair” were judged as average,
and answers of “bad” and “very bad” were judged
as unsatisfactory. Disability was determined by the
questionnaire question “Are you limited in your daily
life activities due to health problems?” Patients with
incapacitation were identified by answering “yes” to
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the question, and “no” to the question that there was
no incapacitation.

Data analysis

SPSS 27.0 was used for data cleaning organization and
analysis. Discontinuous variables were reported as mean
(X+£S) standard deviation, categorical variables were
reported as frequency and percentage, intergroup com-
parisons of the occurrence of anxiety and depressive
symptoms among older persons with different character-
istics were tested by X* and a binary logistic regression
model was used to analyze the relationship between fre-
quency of indoor ventilation and anxiety and depressive
symptoms. The test level o =0.05.

Results

Baseline characteristics of the total sample

A total of 9,690 older persons were included in this study,
with an age range of 65 to 117 years and a mean age of
(83.20+£11.27) years, of whom 4,458 (46.0%) were male
and 5,232 (54.0%) were female.

Indoor ventilation frequency

Indoor ventilation frequency scores ranged from O to 8,
with a mean score of (6.06+1.98), of which 770 (7.9%)
were low frequency, 3,066 (31.6%) were medium fre-
quency, and 5,854 (60.4%) were high frequency.

Depressive symptoms and anxiety symptoms

842 (8.7%) had depressive symptoms and 204 (2.1%) had
anxiety symptoms. Differences in the detection rates
of depressive symptoms among older persons by gen-
der, age, years of education, smoking, alcohol consump-
tion, hours of sleep, life satisfaction, self-rated health,
economic status, socialization, exercise, disability, and
frequency of indoor ventilation were statistically signifi-
cant. Differences in the detection rates of anxiety symp-
toms among older persons by gender, years of education,
smoking, alcohol consumption, hours of sleep, place of
residence, life satisfaction, self-rated health, economic
status, socialization, exercise, incapacitation, and fre-
quency of indoor ventilation were statistically significant
(Table 1).

Factors influencing depression and anxiety symptoms in
older persons

A logistic model was fitted with indoor ventilation fre-
quency as the independent variable (0=Ilow; 1=moder-
ate; 2high), gender, age, years of education, smoking,
alcohol consumption, hours of sleep, life satisfaction,
self-rated health, economic status, socialization, exercise,
and disablement as the control variables, and depressive
symptoms as the dependent variable (0=none; 1=have),
which, controlling for the general information, reduced
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the risk of depressive symptoms in older adults (OR (95%
CI)=1.92 (1.50 to 2.46), 1.51 (1.27 to 1.79); P<0.001).
A logistic model was fitted with indoor ventilation fre-
quency as the independent variable (0=1low; 1=moder-
ate; 2high), gender, years of education, smoking, alcohol
consumption, hours of sleep, place of residence, life sat-
isfaction, self-assessed health, economic status, socializa-
tion, exercise, and incapacitation as the control variables,
and anxiety symptom as the dependent variable (0 = none;
1=yes), and the control variables were such that the fre-
quency of indoor ventilation was not significantly asso-
ciated with the anxiety Symptoms association was not
significant, the assignments are shown in Table 2, and the
results of the analysis are shown in Table 3.

Discussion

This nationally representative population study examined
the association between indoor ventilation frequency and
symptoms of anxiety and depression. In this study, it was
found that the detection rate of depressive symptoms
in the older persons with low ventilation frequency was
16.1% and that in the older persons with medium venti-
lation frequency was 10.4%, both of which were higher
than those in the group with high ventilation frequency
(6.8%) and higher than the prevalence rate of depressive
symptoms in general older persons in China (10.0-20.0%)
[16]. The detection rate of anxiety symptoms in the older
persons with low ventilation frequency was 4.2%, and
the detection rate of depression symptoms in the older
persons with medium ventilation frequency was 2.1%,
both higher than that in the high ventilation frequency
group (1.9%), and higher than the prevalence rate of anxi-
ety symptoms in China’s general older persons (1.2% ~
15.0%) [17].

As far as we know, no studies have explored the rela-
tionship between indoor ventilation frequency and anxi-
ety and depression in older persons. This study found
that low indoor ventilation frequency was associated
with increased depressive symptoms in older persons. It
may be related to the fact that ventilation can effectively
improve indoor air quality, increase indoor oxygen con-
tent, and remove indoor harmful gases and transmission
[18], while air quality is negatively correlated with depres-
sive symptoms [19]. The study by Zhang [20]found that
the increase in PM, ; pollution concentration of 1 pg/m?
would significantly increase the depressive mood index
of residents by 3.88%. Yao [21] conducted a cohort study
using CHARLS data, and the results showed that air pol-
lution increased the risk of depressive symptoms in older
persons, and the risk of depressive symptoms in the male
group was higher, which was consistent with the results
of this study [21]. In addition, we have previously veri-
fied the mediating effect of self-rated health and life sat-
isfaction on impaired ability of daily living and depressive
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Table 1 Detection of depressive symptoms and anxiety symptoms in older persons with different sociodemographic characteristics

[n(%)]
Characteristics Depressive Symptoms Anxiety Symptoms
NO YES X2 P NO YES X2 P

Age (years) 16.021 <0.001 1.007 0316
<80 3,697(92.7) 292(7.3) 3,912(98.1) 77(1.9)
>80 5,151(90.4) 550(9.6) 5,574(97.8) 127(2.2)

Years of education (years) 54567 <0.001 22620 <0.001
0 3,796(89.0) 470(11.0) 4,145(97.2) 121(2.8)
1~6 3,108(92.7) 246(7.3) 3,294(98.2) 60(1.8)
>6 1,944(93.9) 126(6.1) 2,047(98.9) 23(1.1)

SEX 43.715 <0.001 27.377 <0.001
Male 4,686(89.6) 546(10.4) 5,085(97.2) 147(2.8)
female 4,162(93.4) 296(6.6) 4,401(98.7) 57(1.3)

marital status 38.896 <0.001 5714 0.017
not be married 4,736(89.7) 545(10.3) 5,153(97.6) 128(2.4)
nuptial 4,112(933) 297(6.7) 4,333(98.3) 76(1.7)

current address 3630 0.057 14.227 <0.001
countryside 6,609(91.0) 654(9.0) 7,087(97.6) 176(2.4)
municipalities 2,239(92.3) 188(7.7) 2,399(98.8) 28(1.2)

cigarette smoking 10.403 0.001 16.201 <0.001
NO 7,387(90.9) 739(9.1) 7,934(97.6) 192(2.4)
YES 1,461(934) 103(6.6) 1,552(99.2) 12(0.8)

drink 14.794 <0.001 4137 0.042
NO 7,/449(90.8) 751(9.2) 8,017(97.8) 183(2.2)
YES 1,399(93.9) 91(6.1) 1,469(98.6) 21(1.4)

exercise 105.099 <0.001 20.303 <0.001
NO 5617(89.2) 683(10.8) 6,137(97.4) 163(2.6)
YES 3,231(95.3) 159(4.7) 3,349(98.8) 41(1.2)

socialize 9.038 0.003 6.450 0.011
NO 7/427(90.9) 74009.1) 7,982(97.7) 185(2.3)
YES 1421(93.3) 102(6.7) 1,504(98.8) 19(1.2)

economic situation 372161 <0.001 167.331 <0.001
hunger 708(75.4) 231(24.6) 867(92.3) 72(7.7)
general 6,231(92.0) 543(8.0) 6,653(98.2) 121(1.8)
rich 1,909(96.6) 68(3.4) 1,966(99.4) 11(0.6)

incapacity 254.963 <0.001 47.798 <0.001
NO 6,325(94.4) 378(5.6) 6,607(98.6) 96(1.4)
YES 2,523(84.5) 464(15.1) 2,879(96.4) 108(3.6)

Self-assessment of health 957.803 <0.001 294.970 <0.001
good 4,551(97.8) 102(2.2) 4,616(99.2) 39(0.8)
general 3,388(90.4) 359(9.6) 3,691(98.5) 56(1.5)
no good 909(70.5) 381(29.5) 1,181(91.6) 109(8.4)

Life satisfaction 887.710 <0.001 304.024 <0.001
dissatisfied 6,560(95.3) 326(4.7) 6,806(98.8) 80(1.2)
general 2,149(85.2) 372(14.8) 2,442(96.9) 79(3.1)
unsatisfactory 139(49.1) 144(50.9) 238(84.1) 45(15.9)

Ventilation frequency 91.526 <0.001 17.429 <0.001
lower 646(83.9) 124(16.1) 738(95.8) 32(4.2)
medium 2,746(89.6) 320(10.4) 3,003(97.9) 63(2.1)

high 5/456(93.2) 398(6.8) 5,745(98.1) 109(1.9)
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Table 2 Variable assignment of influencing factors of depression
and anxiety symptoms in older persons

variable Assignment

Sex 0=female; 1=male

Age 0=<80years; 1=>80 years

Years of education 0=0vyears; 1=1~6years; 2=>6 years

Marital status O=notin marriage; 1=in marriage

Place of residence O=rural; T=urban

Smoking 0=No; 1=VYes
Alcohol consumption 0=No; 1=Yes
Exercise 0=No; 1=Yes
Socializing 0=No; 1=Yes
Economic status 0=poor; 1 =average; 2=rich
Disability 0=No; 1=Yes

Self-assessed health 0=good; 1 =fair; 2=bad
0=satisfactory; 1 =fair; 2=unsatisfactory

Ventilation Frequency 0=

Life satisfaction
low; 1=medium; 2=high

symptoms in older persons [22]. The limitation of the
older persons ‘s daily activity ability may affect their fre-
quency of opening Windows for ventilation, which will
affect their health and eventually cause the occurrence of
depressive symptoms.

This study found that the relationship between indoor
ventilation frequency and anxiety in older persons was
not statistically significant. Although many studies have
shown a positive correlation between air pollution and
depressive symptoms [23, 24], the relationship between
the two remains controversial. For example, VERT [25] ‘s
investigation of 958 adult residents showed that the cor-
relation between long-term exposure to air pollution and
anxiety symptoms did not reach statistical significance.
In this study, there are more older persons in the sample,
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so they may pay more attention to their physical health,
while air quality has little influence on them. In addition,
insufficient ventilation may increase the concentration
of indoor harmful gases, long-term exposure will cause
chronic effects on the nervous system, and this cumula-
tive effect is more likely to trigger depressive symptoms,
while anxiety is more directly related to stressors, such
as noise, sudden events, etc., ventilation frequency may
have a weak impact on anxiety symptoms.

This is the first study to examine indoor ventilation
frequency and symptoms of anxiety and depression in
older persons. The strengths of this study also include a
large sample of Chinese seniors living in a nationally rep-
resentative community and the inclusion of many older
persons. However, there are some limitations to this
study. First, this is a cross-sectional survey that does not
reflect longitudinal changes, and longitudinal studies are
needed to further investigate the relationship between
indoor ventilation frequency and depressive symptoms.
Second, our study assessed depression and anxiety symp-
toms using the 10-item Center for Epidemiologic Studies
Depression Scale (CESD-10) and the Anxiety Screening
Tool (GAD-7 scale) rather than clinical diagnostic crite-
ria. In addition, the inclusion of persistent anxiety and
depression scores as dichotomous variables may have
reduced the statistical effect. However, the 10-item Cen-
ter for Epidemiologic Studies Depression Scale (CESD-
10) and the GAD-7 scale are well-validated tools and
have been widely used in epidemiological studies. Third,
the CLHLS study over-sampled older persons. Therefore,
the results of this study may be difficult to generalize to
the entire population. Fourth, the indoor ventilation
frequency does not accurately record the ventilation

Table 3 Logistic regression analysis results of depressive symptoms and anxiety symptoms in older persons

Variable Depressive symptoms (yes) Anxiety symptoms (yes)
OR(95%Cl) P OR(95%Cl) P
Intercept -3.28 <0.001 -4.04 <0.001
Indoor ventilation frequency
Low 1 92( 50~2 46) <0.001 1.37(0.89~2.10) 0.150
Medium 51(1.2 79) <0.001 0.97(0.70~1.35) 0.872
Socialization 1 06(0 83~1 36) 0.647 0.84(0.50~1.39) 0486
Years of education 1.00(0.88~1.13) 0.949 1.04(0.81~1.33) 0.784
Marital status 0.76(0.63~0.91) 0.003 0.95(0.70~1.31) 0.769
Economic status 0.58(0.50~0.68) <0.001 0.47(035~0.62) <0.001
Disability 1.75(1.48 ~2.07) <0.001 1.45(1.07~1.97) 0.016
Exercise 0.66(0.54~0.81) <0.001 0.80(0.56~1.16) 0.241
Drinking 1.05(0.81~1 37) 0.712 1.24(0.76 ~2.02) 0.395
Smoking 0.97(0.75~1.25) 0.812 0.39(0.21~0.75) 0.004
Self-rated Health 2.76(244~3.13) <0.001 2.36(1.87 ~2.99) <0.001
Life Satisfaction 2.05(1.79~2.34) <0.001 1.76(139~223) <0.001
Place of residence 0.60(0.38 ~0.95) 0.028
Sex 0.73(0.61~0.89) 0.001 0.59(0.41 ~0.85) 0.004
Age 1.05(0.86 ~ 1.27) 0.652
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duration, only a rough estimate of the number of times.
Therefore, the depth of the study may be affected, and
more accurate investigation studies can be conducted in
the future to explore the relationship between ventilation
frequency and depressive symptoms.

Conclusions

In summary, low indoor ventilation frequency is associ-
ated with a higher risk of depressive symptoms among
Chinese older persons. Therefore, attention should be
paid to the indoor ventilation of older adults, health edu-
cation and inspection should be conducted to urge older
persons to open the windows more often for ventilation
and screening for depressive symptoms, to achieve the
prevention of depression and early intervention, and to
promote the healthy aging of older persons in China.

Abbreviations
CLHLS  Chinese Longitudinal Healthy Longevity Survey.

Acknowledgements
We would like to thank all the authors of the included studies.

Author contributions

LL and XHQ: design of the study and interpretation of data. JW: data
processing. SHQ and JPC: data processing, article design, and revision. PPH:
article modification. All authors contributed to the article and approved the
submitted version.

Funding

This research was supported by the Hunan Province Natural Science
Foundation project (Grant number: 2023JJ30426) and the Key Project of
Hunan Social Science Achievement Evaluation Committee (Grant number:
XSP207DI013).

Data availability

The data are held in a public repository. The details of the CLHLS were
presented online (https://opendata.pku.edu.cn/dataverse/CHADS;jsessionid=1
21de1752184d9c4953cc0f28935).

Declarations

Ethical approval and consent to participate

The CLHLS study was approved by the research ethics committees of Duke
University and Peking University (IRB00001052—13074). The HUNT3 Study
was approved by the Norwegian Regional Committee of Medical Research
Ethics (4.206.250 dated 06.04.2006, 2015/1640/REK Nord, dated 18.08.2015).
The procedures used in this study adhere to the tenets of the Declaration of
Helsinki. All participants provided written informed consent. No experimental
interventions were performed.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 25 June 2024 / Accepted: 16 January 2025
Published online: 23 January 2025

References
1. HEWJ,WANG ZH. Constructing Social Support System for Ageing Society:
connotation, principles and Approaches[J]. Acad Res, 2024, (03): 96-104.

20.

21.

22.

Page 6 of 7

MU A, YUAN S, LIU Z. Internet use and depressive symptoms among

Chinese older adults: two sides of internet use[J]. Front Public Health.
2023;11:1149872. https://doi.org/10.3389/fpubh.2023.1149872

LU J, XU X, HUANG Y, et al. Prevalence of depressive disorders and treatment
in China: a cross-sectional epidemiological study[J]. Lancet Psychiatry.
2021;8(11):981-90. https://doi.org/10.1016/52215-0366(21)00251-0
CHARLSON F J, BAXTER A J, CHENG H G, et al. The burden of mental,
neurological, and substance use disorders in China and India: a systematic
analysis of community representative epidemiological studies[J]. Lancet.
2016;388(10042):376-89. https://doi.org/10.1016/50140-6736(16)30590-6
Global burden of 369 diseases and injuries in 204 countries and territories,
1990-2019: a systematic analysis for the Global Burden of Disease Study
20190J]. Lancet. 2020, 396(10258): 1204-1222. https://doi.org/10.1016/5014
0-6736(20)30925-9

LIU AN, WANG KR, MA H, et al. Mediating effects of anxiety symptoms and
depression symptoms in theassociation between physical activity and cogni-
tive function in older adults[J]. Mod Prev Med. 2024;51(04):686-90. https://do
i.0rg/10.20043/j.cnki.MPM.202311313

QIR, SHENG B H, ZHANG XY, et al. Relationship between depression/anxiety
symptoms and heart disease orchronic non-communicable respiratory dis-
ease in elderly of China[J]. Chin J Prev Control Chronic Dis. 2023;31(12):881-6.
https://doi.org/10.16386/].cjpccd.issn.1004-6194.2023.12.001

FENG Z, LI Q. The relationship between depressive symptoms and activity of
daily living disability among the elderly: results from the China Health and
Retirement Longitudinal Study (CHARLS)[J1. Public Health. 2021;198:75-81.
https://doi.org/10.1016/j.puhe.2021.06.023

JIY, LIU B, SONG J, et al. Association between traffic-related air pollution and
anxiety hospitalizations in a coastal Chinese city: are there potentially suscep-
tible groups?[J]. Environ Res. 2022;209:112832. https://doi.org/10.1016/j.envr
€5.2022.112832

ZHOUY M, FAN'Y N, YAO CY, et al. Association between short-term ambient
air pollution and outpatient visits of anxiety: a hospital-based study in north-
western China[J]. Environ Res. 2021;197:111071. https://doi.org/10.1016/j.env
res.2021.111071

YANG T, WANG J, HUANG J, et al. Long-term exposure to Multiple Ambient Air
Pollutants and Association With Incident Depression and Anxiety[J]. JAMA
Psychiatry. 2023;80(4):305-13. https://doi.org/10.1001/jamapsychiatry.2022.4
812

BRAITHWAITE I, ZHANG S. Air Pollution (Particulate Matter) exposure and
associations with Depression, anxiety, bipolar, psychosis and suicide

risk: a systematic review and Meta-Analysis[J]. Environ Health Perspect.
2019;127(12):126002. https://doi.org/10.1289/ehp4595

GONZELEZ-MARTIN J, KRAAKMAN N J R, PEREZ C, et al. A state-of-the-

art review on indoor air pollution and strategies for indoor air pollution
controlJ]. Chemosphere. 2021,262:128376. https://doi.org/10.1016/j.chemos
phere.2020.128376

DURAND F, BONNEFOY B. Psychological antecedents of the intention to open
the Windows at Home and exposure to a Ventilation Recommendation[J].
Front Psychol. 2022;13:872626. https://doi.org/10.3389/fpsyg.2022.872626
TENG JS, ZHANG X. The influencing factors and depression status of the
disabled elderly[J]. Mod Prev Med. 2022;49(07):1241-5.

TANGT, JIANG J, TANG X. Prevalence of depressive symptoms among older
adults in mainland China: a systematic review and meta-analysis[J]. J Affect
Disord. 2021;293:379-90. https://doi.org/10.1016/jjad.2021.06.050

BALSAMO M, CATALDI F, CARLUCCI L, et al. Assessment of anxiety in older
adults: a review of self-report measures[J]. Clin Interv Aging. 2018;13:573-93.
https://doi.org/10.2147/cia.S114100

SUIX M, TIAN Z J, FENG F Y, et al. Measurement and Analysis of Ventilation
Rate and indoor air Quality ofTwo typical newly-built residential buildings

in Xi’An in Winter-Naturaand echanicalVentilation Scenarios[J]. Uilding Sci.
2024;40(02):120-30. https://doi.org/10.13614/j.cnki.11-1962/tu.2024.02.15
DU P ZHANG W J, ZHANG Y, et al. Chronic ozone exposure and depression
among middle-aged and elderlypeople in China[J]. Chin J Disease Control
Prev. 2021;25(10):1126-32. https://doi.org/10.16462/j.cnkizhjbkz.2021.10.003
ZHANG GL, ZHANG N. Mental health effects of air pollution in the context of
healthy Chinalnitiative[J]. China Popul Resour Environ. 2022;32(02):15-25.
LUAN YAOHL. Association between air pollution and depressive symptoms in
middle-aged and elderly adults in China[J]. Mod Prev Med. 2023;50(05):826—
31. https://doi.org/10.20043/j.cnki.MPM.202211044

LIN L, HE P P OUYANG WT, et al. Mediating effect and potential profile
analysis of self-rated health and lifesatisfaction on impaired ability of


https://opendata.pku.edu.cn/dataverse/CHADS;jsessionid=121de1752184d9c4953cc0f28935
https://opendata.pku.edu.cn/dataverse/CHADS;jsessionid=121de1752184d9c4953cc0f28935
https://doi.org/10.3389/fpubh.2023.1149872
https://doi.org/10.1016/s2215-0366(21)00251-0
https://doi.org/10.1016/s0140-6736(16)30590-6
https://doi.org/10.1016/s0140-6736(20)30925-9
https://doi.org/10.1016/s0140-6736(20)30925-9
https://doi.org/10.20043/j.cnki.MPM.202311313
https://doi.org/10.20043/j.cnki.MPM.202311313
https://doi.org/10.16386/j.cjpccd.issn.1004-6194.2023.12.001
https://doi.org/10.1016/j.puhe.2021.06.023
https://doi.org/10.1016/j.envres.2022.112832
https://doi.org/10.1016/j.envres.2022.112832
https://doi.org/10.1016/j.envres.2021.111071
https://doi.org/10.1016/j.envres.2021.111071
https://doi.org/10.1001/jamapsychiatry.2022.4812
https://doi.org/10.1001/jamapsychiatry.2022.4812
https://doi.org/10.1289/ehp4595
https://doi.org/10.1016/j.chemosphere.2020.128376
https://doi.org/10.1016/j.chemosphere.2020.128376
https://doi.org/10.3389/fpsyg.2022.872626
https://doi.org/10.1016/j.jad.2021.06.050
https://doi.org/10.2147/cia.S114100
https://doi.org/10.13614/j.cnki.11-1962/tu.2024.02.15
https://doi.org/10.16462/j.cnki.zhjbkz.2021.10.003
https://doi.org/10.20043/j.cnki.MPM.202211044

Lin et al. BMC Geriatrics

23.

24.

(2025) 25:55

daily living and depressive symptoms in the elderly[J]. China Med Herald.
2024;21(23):110-5. https://doi.org/10.20047/j.issn1673-7210.2024.23.22
ZUNDEL C G, RYAN P. Air pollution, depressive and anxiety disorders, and
brain effects: a systematic review[J]. Neurotoxicology. 2022;93:272-300.
https://doi.org/10.1016/j.neuro.2022.10.011

GAO X, JIANG M, HUANG N, et al. Long-Term Air Pollution, genetic suscepti-
bility, and the risk of depression and anxiety: a prospective study in the UK
Biobank Cohort[J]. Environ Health Perspect. 2023;131(1):17002. https://doi.or
9/10.1289/ehp10391

25.

Page 7 of 7

VERT C, S4NCHEZ-BENAVIDES G, MARTINEZ D, et al. Effect of long-term expo-
sure to air pollution on anxiety and depression in adults: a cross-sectional

study[J]. Int J Hyg Environ Health. 2017;220(6):1074-80. https://doi.org/10.10
16/}jheh.2017.06.009

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.20047/j.issn1673-7210.2024.23.22
https://doi.org/10.1016/j.neuro.2022.10.011
https://doi.org/10.1289/ehp10391
https://doi.org/10.1289/ehp10391
https://doi.org/10.1016/j.ijheh.2017.06.009
https://doi.org/10.1016/j.ijheh.2017.06.009

	﻿Study on the relationship between indoor ventilation frequency and anxiety and depression symptoms in older persons: based on the data of 2018 CLHLS
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Data sources and sample
	﻿Introduction and definition of variables
	﻿Data analysis

	﻿Results
	﻿Baseline characteristics of the total sample
	﻿Indoor ventilation frequency
	﻿Depressive symptoms and anxiety symptoms
	﻿Factors influencing depression and anxiety symptoms in older persons

	﻿Discussion
	﻿Conclusions
	﻿References


