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Background: The association between combined environmental factors and the risk
of arthritis is still scarcely studied. The present study performed cross-sectional and
cohort studies to explore the association between risk score of living environment
quality and the risk of arthritis in middle-aged and older adults in China.

Methods: The study was based on China Health and Retirement Longitudinal
Study (CHARLS), and it recruited 17,218 participants in the cross-sectional study
and 11,242 participants in the seven-year follow-up study. The living environment
quality was measured by household fuel types, household water sources, room
temperature, residence types, and ambient concentration of PM2.5. Logistic
regression and Cox proportional hazard regression models were utilized to
examine the association between the living environment quality and the risk of
arthritis. Competing risk models and stratified analyses were applied to further
verify our results.

Results: Compared with individuals in the suitable environment group, people
who lived in moderate (OR:1.28, 95%Cl: 1.14-1.43) and unfavorable environments
(OR:1.49, 95%Cl:1.31-1.70) showed higher risks of arthritis when considering the
multiple living environmental factors (P for trend <0.001) in the cross-sectional
analysis. In the follow-up study, similar results (P for trend=0.021), moderate
environment group (HR:1.26, 95%Cl:1.01-1.56) and unfavorable environment
group (HR: 1.36, 95%Cl: 1.07-1.74), were founded.

Conclusion: Inferior living environment might promote the development of
arthritis. It is necessary for the public, especially old people, to improve the living
environment, which may be the key to the primary prevention of arthritis.

living environment quality, arthritis, cross-sectional study, cohort study, incidence

1. Introduction

Arthritis is one of the most common chronic diseases and often presents with joint pain,
immobility, and even joint conformity, people who suffer from arthritis may feel weakness,
low self-efficacy, and social isolation, people who suffer from arthritis may feel weakness,
low self-efficacy, and social isolation (1, 2). The two most common types are osteoarthritis
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and rheumatoid arthritis (RA). There are 355 million people with
arthritis worldwide, of which 190 million have osteoarthritis, and
over 16.5 million have rheumatoid arthritis (3, 4). As a leading
global burden of disease, it was reported that arthritis caused a
significant financial and healthcare burden in the United States in
2013 (5). According to the statistics, there are now over 100 million
arthritis patients in China, half of the population aged 50 or above
in China suffer from osteoarthritis and the number is increasing
steadily (6, 7). In this social circumstance, it is very important to
explore the risk factors of arthritis, which can be beneficial to the
prevention of arthritis.

The origins and pathological causes of arthritis are complex
and multifactorial, with only a limited number of factors identified
as playing significant roles in its occurrence and development,
including genetics and environmental factors (8-10). There were
major genetic associations with the HLA locus, while multiple
non-HLA genetic variants showed a relatively lower risk of RA (9).
Air pollutants, including PM, s and PM,,, have been linked to the
incidence of arthritis (11, 12), and recent studies suggest that
household solid fuel may pose an even greater risk. Additionally,
household water sources have been implicated in the incidence of
osteoarthritis (13). While living building environments, including
factors such as building type, temperature, conditions, and
humidity, have been studied less extensively in relation to arthritis,
they can still have negative impacts on human health (14).
Building type, in particular, has been associated with arthritis and
is often viewed as a reflection of social and economic status (15).
However, a comprehensive measurement of living quality is
still uncovered.

Nowadays, most studies only paid concern to the effect of a
single environmental factor that partially represents the real-living
environment on arthritis. Those environmental factors could
be interrelated and might have offset effects and synergistic effects
on arthritis. But no related studies focused on this complex effect

10.3389/fpubh.2023.1181625

of multiple environmental factors on arthritis. Recently, combining
multiple environmental factors, an overall quality score of the living
environment was reported to have the potential to evaluate the
quality of human living quality comprehensively (16). To mimic real
living conditions, we included household fuel types, household
water sources, room temperature, building types, and ambient
concentrations of PM, 5 in the living environment factor score, and
further assessed its effect on arthritis. All data were based on the
China Health and Retirement Longitudinal Study.

2. Methods and materials
2.1. Study population

CHARLS is an ongoing national cohort study that recruited
17,708 participants who were successfully investigated from more
than 10,000 households in 2011, the profile has been fully described
elsewhere (17). Each follow-up was biennially conducted, which
mainly included assisting face-to-face interviews assisted by a
computer-assisted personal interviewing (CAPI) system. In the
current study, we analyzed the available data from 2011 to 2018
and designed cross-sectional and longitudinal studies to detailly
tap into the association between living quality and arthritis.
We excluded 433 participants who had missing data on living
environment factors and 57 failed to complete the information on
arthritis. Thus, 17,218 participants were available in the cross-
sectional study. In the longitudinal study, 11,242 participants were
included after excluding 5,976 arthritics patients who had arthritis
at baseline (Figure 1). This study adhered to the guidelines of the
Declaration of Helsinki, and the protocol was approved by the
Ethical Review Committee of Peking University (approval number:
IRB 00001052-11015), and informed consent was provided by
each participant.

17,708 participants were participated in cohort at baseline

'

Excluded 490 participants in 2011
433 with missing data on living environment factors

57 without information on arthritis

17,218 participants were included in the cross-sectional study

Excluded 5,976 participants had arthritis at baseline

11,242 participants were enrolled in the longitudinal study

FIGURE 1
Flow diagram for participants enrolled in the study.
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2.2. Assessment of living environmental
quality

The living environmental quality was mainly defined from five
aspects, including atmospheric particulate concentration, domestic
fuel types, household water sources, type of accommodation, and
room temperature, which had been fully examined (16). The National
Aeronautics and Space Administration Earth Observing System
Distributed Information System published the annual average values
of city-level PM, 5. To be specific, both the Goddard Earth Observing
System chemical transport model and the geographically weighted
regression model were conducted to calculate the ambient
concentrations of PM, 5, according to the aerosol optical depth data
extracted from multiple satellites (18). According to the guideline,
which was issued by the Ministry of Ecology and Environment of
China, 35 pg/m’® was determined as a cut-off value for a high level of
PM, 5. Household fuel use for cooking and heating is the main source
of indoor air pollution (19), the fuel types were further divided into
two groups: clean (natural gas, marsh gas, liquefied petroleum gas, and
electric for cooking; natural gas, liquefied petroleum gas, solar energy,
electric, and municipal heat for heating), or solid fuels (coal, crop
residue, wood, and solid charcoal for cooking; crop residue, coal,
wood, and solid charcoal for heating). Furthermore, the information
on building types and household water sources was collected through
a standardized questionnaire, which was assisted by the CAPI system.
On the other hand, interviewers got permission from the house owner
entranced the house and recorded the level of temperature on the
personal computer. Five levels were recorded including very hot, hot,
bearable, cold, and very cold. If the temperature disturbed people,
we determined it unfavorable, otherwise, suitable was implemented.

TABLE 1 The definition of living environmental quality score.

10.3389/fpubh.2023.1181625

The scoring method and algorithm have been detail tabulated in
Table 1.

2.3. Assessment of arthritis

The diagnosis of arthritis relies on a multi-assessment, including
various clinical symptoms and imagelogical examination, and is often
evaluated by a physician. In the current study, due to the data
limitations, the diagnosis of arthritis was mainly based on a previous
study (20). During the baseline survey, participants were asked if they
had received a clinical diagnosis of arthritis from a physician. If the
response was affirmative, the interviewer inquired about the onset
time and recorded the information. During follow-up surveys,
participants were asked to confirm the accuracy of their previous
responses, and the interviewer then asked whether they had been
diagnosed with arthritis since the last survey. If a patient was
confirmed, the diagnostic time was recorded.

2.4. Assessment of covariates

The basic information of individuals on age, gender (male,
female), residence (urban, rural), living with a spouse (yes, no),
participating in social activity (active, inactive), annual household
income (<10,000, 10,000-20,000, >20,000), education levels
(illiterate, elementary school, middle school, high school or above),
smoking (never, ever, current), drinking status (never, abstainer,
current drinker) was collected by trained interviewers with a
structured questionnaire. The category of the province was

Component Score of each Method of measurement
component
Household fuel types Measurement: Self-reported household fuel types
All clean fuel 0 Examples of heating fuel measurement:
i “Does your residence have heating?”

Mixed-fuel use 1

“What is the main heating energy source?”
Allsolid fuel 2 Examples of cooking fuel measurement:

“What is the main source of cooking fuel?”
Household water source Measurement: Self-reported household water sources
Tap water use 0 Examples tools for measurement:

“Does your residence have running water?”
Non-tap water use 1
Room temperature Measurement: Interviewer-observed household temperature
Suitable 0 Examples tools for measurement:

[Interviewer records it] How is the temperature in this household?
Unfavorable 1
Building type Measurement: Self-reported building types
Multi-story building 0 Examples tools for measurement:

o “Is the building one story or multi-level building, how many stories?”

One-story building 1
Ambient concentration of PM, 5 Extracted from the NASA Earth Observing System Distributed Information System
PM, 5 (<35 ug/m®) 0
PM, 5 (>35 ug/m?) 1
Living environmental quality Accumulation above points | The higher the score, the worse the living environmental quality

NASA, National Aeronautics and Space Administration.
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confirmed by the location of each participant. Medically trained
personnel from the Chinese Center for Disease Control and
Prevention collected and stored venous blood samples at
—80°C. Capital Medical University’s Youanmen Center for Clinical
Laboratory measured glucose (20). And they also performed the
physical emanation for participants. Body mass index was
calculated by a formula: BMI = weight(kg)/height*(m?), and divided
into three groups according to the numerical value [normal: 18.5-
24.0; thin: <18.5; overweight: >24.0 (21)]. An automated electronic
device (OMRON Model HEM-7112, Omron Company) was used
to measure the diastolic and systolic blood pressures three times on
all participants’ left arms with an interval. The average of three
blood pressures was calculated for the analysis. Individuals were
defined as having hypertension if they self-reported physician-
diagnosed hypertension, and /or their systolic blood pressures were
more than 140mmHg, and/or the diastolic blood pressures
exceeded 90 mmHg (22). The levels of blood glucose were measured
by the glucose oxidase method. Diabetes was evaluated by
postprandial plasma glucose of more than 200mg/dL, and/or
fasting plasma glucose of at least 126 mg/dL, and/or self-reporting
physician-diagnosed diabetes (23).

2.5. Statistical analysis

The participants were allocated into three groups which were
defined according to the tertiles of living environment quality score.
Means + standard deviations (SDs) were used to describe the
continuous variables and the numbers (percentages) were used to
display the categorical variables. The differences in the baseline
information were compared by an analysis of covariance or a
chi-square test as appropriate. To examine the association between
living environmental quality and arthritis risk in these two studies,
we conducted two kinds of models. The logistic regression models
were performed to evaluate odd ratios (ORs) with 95% confidence
intervals (CIs) in the cross-sectional. While for the longitudinal
study, Cox proportional hazards models with age as the time scale
were established to evaluate hazard ratios (HRs) with 95%
confidence intervals (CIs). Moreover, we verified whether the Cox
proportional hazards model with Schoenfeld residuals met the
proportional hazard assumption before establishing these models.
In addition, numeric values were assigned to the tertiles of living
environmental quality score and then analyzed as a continuous
variable in all models to observe the trend risk between living
quality and arthritis.

Stratified and interaction analyses were conducted to confirm
such associations based on sex, residence, marital status, participating
in social activity, hypertension status, diabetes status, annual
household income, education level, body mass index, smoking status,
and drinking status. Furthermore, to account for the competitive risk
of death on the association between living environment and arthritis
incidence, the fine and gray model was performed to reanalyze the
primary results. Considering the importance of the latest WHO
recommendations of PM, 5, we reconstructed the living environment
score and re-run the statistical analysis (24). In addition, we further
examined the association between each factor of living environment
factors, and then summarize the weighted effect size (25) as the new
living environment quality score to re-analyses the primary results. In
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addition, the missing data were imputed using multiple imputations,
using 5 replications and chained equations in R Multiple imputations
(MI). In 1-3 models, the suitable environmental group was regarded
as the reference group, and all the potential confounding (age, sex,
residence, marital status, education level, annual household income,
BM]I, participating in social activity, hypertension, diabetes, and
province) were gradually fully adjusted.

All analyses were performed by using Stata version 17.0 (Stata
Corp, Texas, United States) and R version 3.6.2 (R Core Team, R
foundation for statistical Computing, Vienna, Austria). A two-sided
p-value <0.05 was defined as statistical significance in all analyses.

3. Results

3.1. The baseline characteristics of study
participants

The baseline characteristics of the study population are shown in
Table 2 and Supplementary Table S1. A total of 17,218 individuals
averagely aged 59.06 (10.14) years were included in the cross-sectional
study, and 5,976 participants of them had arthritis. During an average
of 7 years of follow-up, 982 new-onset arthritis were documented
among 11,242 participants, which indicated an incidence rate of
8.73%. Compared with people living in suitable environments, the
participants living in a worse environment were more likely to have
low socioeconomic status, be isolated from society and live in rural.
Meanwhile, people living in worse environments had a heavy burden
of chronic diseases.

3.2. Associations between the living
environmental quality score and arthritis in
the cross-sectional study

Table 3 indicated that the prevalence of arthritis was 34.66%
(5,967/17,218) in total populations, and 26.92% (1,164/4,323), 36.03%
(2,285/6,342), and 38.56% (2,527/6,553)
corresponding to the suitable environmental group, moderate

were, respectively,
environmental group, and unfavorable environmental group. In the
trend analyses, we demonstrated that a positive link between arthritis
risk and the living environmental quality score (OR: 1.21, 95%CI:
1.14-1.29) does exist after controlling for potential confounders,
which means higher arthritis risk if people lived in worsen
environmental quality (P for trend <0.005). In the univariate analysis,
people living in a moderate environment (OR:1.53, 95%CI: 1.40-1.67)
and unfavorable environment (OR:1.71, 95%CI: 1.57-1.86) were more
likely to have arthritis compared to those living in a suitable
environment. After adjusting all covariates such as demographic
factors, socioeconomic information and health-related variates in the
current study, relative to the participants living in a suitable
environment, individuals living in moderate (OR:1.28, 95%CI: 1.14-
1.43) and unfavorable environments (OR:1.49, 95%CI: 1.31-1.70) was
still associated with a higher risk of arthritis (All P for trend<0.05.). In
the stratified and interaction analyses, though the education level and
drink status modified the association between the living environmental
score and arthritis, the main effects were not materially changed
(Supplementary Table S7).
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TABLE 2 Baseline characteristics of participants.

Characteristic

Suitable (0-1)

Living environmental quality

Moderate (2-3)

Unfavorable (4-6)

10.3389/fpubh.2023.1181625

(%)

N 17,218 4,323 6,342 6,553

Age (years) 59.06+10.14 58.28+10.15 58.62+9.99 59.99+10.20 <0.001
Female, n (%) 8,972 (52.11) 2,292 (53.02) 3,307 (52.14) 3,373 (51.47) 0.286
Rural, n (%) 13,196 (76.64) 1,747 (40.41) 5,234 (82.53) 6,215 (94.84) <0.001
Live with spouse, 7 (%) 13,813 (80.22) 3,534 (81.75) 5,051 (79.64) 5,228 (79.78) 0.014
Participating in social activity, n 8,521 (49.49) 2,603 (60.21) 3,067 (48.36) 2,851 (43.51) <0.001
(%)

Hypertension, 1 (%) 6,445 (37.43) 1,573 (36.39) 2,319 (36.57) 2,553 (38.96) 0.005
Diabetes, 1 (%) 2,301 (13.36) 584 (13.51) 804 (12.68) 913 (13.93) 0.106
Arthritis, 7 (%) 5,976 (34.71) 1,164 (26.92) 2,285 (36.03) 2,527 (38.56) <0.001
Annual household income (¥), <0.001
n (%)

<10,000 9,849 (57.20) 2,472 (57.18) 3,491 (55.05) 3,886 (59.30)

10,000-20,000 2,611 (15.16) 532 (12.31) 998 (15.74) 1,081 (16.50)

>20,000 4,758 (27.64) 1,319 (30.51) 1,853 (29.22) 1,586 (24.20)

Education level, n (%) <0.001
Illiterate 7,770 (45.13) 1,256 (29.05) 2,979 (46.97) 3,535 (53.94)

Elementary school 3,720 (21.61) 838 (19.38) 1,441 (22.72) 1,441 (21.99)

Middle school 3,562 (20.70) 1,093 (25.28) 1,295 (20.42) 1,174 (17.92)

High school or above 2,166 (12.58) 1,136 (26.28) 627 (9.89) 403 (6.15)

Body mass index (kg/m?), n (%) <0.001
Normal 8,511 (49.43) 1914 (44.27) 3,235 (51.01) 3,362 (51.30)

Thin 1,473 (8.56) 213 (4.93) 562 (8.86) 698 (10.65)

Overweight 7,234 (42.01) 2,196 (50.80) 2,545 (40.13) 2,404 (38.04)

Smoking status, n (%) <0.001
Never 10,415 (60.49) 2,806 (64.91) 3,855 (60.79) 3,754 (57.29)

Ever smoker 2,020 (11.73) 502 (11.61) 717 (11.31) 801 (12.22)

Current smoker 4,783 (27.78) 1,015 (23.48) 1,770 (27.91) 1,998 (30.49)

Drinking status, n (%) 0.468
Never 10,146 (58.94) 2,584 (59.79) 3,751 (59.15) 3,811 (58.16)

Abstainer 1,421 (8.25) 349 (8.06) 510 (8.03) 562 (8.58)

Current drinker 5,651 (32.81) 1,390 (32.15) 2,081 (32.81) 2,180 (33.27)

Household fuel types, n (%) <0.001
All clean fuel 5,567 (32.33) 3,956 (91.51) 1,543 (24.33) 68 (1.04)

Mixed-use of clean and solid 4,618 (26.82) 367 (8.49) 2,964 (46.74) 1,287 (19.64)

fuel

All solid fuel 7,033 (40.85) 0 (0.00) 1,835 (28.93) 5,198 (79.32)

Non-tap water, 1 (%) 6,495 (37.72) 101 (2.34) 1,683 (26.54) 4,711 (71.89) <0.001
Unfavorable room temperature, 2,841 (16.50) 178 (4.12) 839 (13.23) 1,824 (27.83) <0.001
n (%)

One-story building, 1 (%) 10,465 (60.78) 468 (10.83) 4,014 (63.29) 5,983 (91.30) <0.001
Ambient PM, ; > 35 ug/m’, n 9,068 (52.67) 1,586 (36.69) 3,124 (49.26) 4,358 (66.50) <0.001

Values were means + SD or n (percentages) or median (%).

Values of polytomous variables may not sum to 100% due to rounding.
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TABLE 3 Cross-sectional association between living environmental quality score and risk of arthritis in different models.

Living Number of Prevalence OR (95% Cl)
environmental arthritis

' t t §
quality Model | Model Il Model Il
Continuous quality score 5,976 34.66% 1.28 (1.23, 1.34) 1.17 (1.11, 1.22) 1.14 (1.08, 1.20) 1.21 (1.14, 1.29)
Categorized quality score
Suitable 1,164 26.92% 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)
Moderate 2,285 36.03% 1.53 (1.40, 1.67) 1.32 (1.20, 1.45) 1.31 (1.18, 1.45) 1.28 (1.14, 1.43)
Unfavorable 2,527 38.56% 1.71 (1.57, 1.86) 1.41 (1.28, 1.56) 1.35 (1.21, 1.50) 1.49 (1.31, 1.70)
P-trend <0.001 <0.001 <0.001 <0.001

OR, odd ratio; CI, confidence interval; BMI, body mass index. *Adjust for None.

TAdjust for Age (years), Gender (Male, Female), Residence (Urban, Rural), Marital status (Live without a spouse, Live with a spouse), Education level (Illiterate, Elementary school, Middle
school, High school or above), and Annual household income (<10,000, 10,000-20,000, >20,000).
*Further adjust for BMI (Normal, Thin, Overweight), Smoking status (Never, Ever, Current), Drinking status (Never, Abstainer, Current), Participating in social activity (No, Yes),

Hypertension (No, Yes), and Diabetes (No, Yes).
*Additionally adjusted for Province (Categorized by name of each province).
Bold value means the results are statistical significant.

TABLE 4 Longitudinal association between living environmental quality score and arthritis in different models.

Living Number of Incidence rate HR (95% CI)
environmental arthritis per 1,000

5 ‘ t ¥ [}
quality person-years Model | Model Il Model Il
Continuous quality score 982 13.56 1.23 (1.14, 1.33) 1.15 (1.05, 1.26) 1.12 (1.02, 1.24) 1.14 (1.02, 1.29)
Categorized quality score
Suitable 207 9.95 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)
Moderate 376 14.35 1.44 (1.22,1.71) 1.30 (1.08, 1.57) 1.30 (1.07, 1.59) 1.26 (1.01, 1.56)
Unfavorable 399 15.69 1.57 (1.33, 1.86) 1.38 (1.13,1.67) 1.33 (1.08, 1.63) 1.36 (1.07, 1.74)
P-trend <0.001 0.003 0.018 0.021

HR, hazards ratio; CI, confidence interval. *Adjust for Age as time scale.

TAdjust for Age as time scale, Gender (Male, Female), Residence (Urban, Rural), Marital status (Live without spouse, Live with spouse), Education level (lliterate, Elementary school, Middle
school, High school or above) and Annual household income (<10,000, 10,000-20,000, >20,000).
*Further adjust for BMI (Normal, Thin, Overweight), Smoking status (Never, Ever, Current), Drinking status (Never, Abstainer, Current), Participating in social activity (No, Yes),

Hypertension (No, Yes), and Diabetes (No, Yes).
*Additionally adjusted for Province (Categorized by name of each province).
Bold value means the results are statistical significant.

3.3. Associations between the living
environmental risk score and arthritis at
follow-up 2011-2018

Table 4 shows that during a median of seven-years follow-up, 982
arthritis was recorded. The incidence per 1,000 person-years was also
calculated in each group. The incidence of arthritis was 13.56 per 1,000
person-years in the entire cohort. The incidences of arthritis were 9.95,
14.35, and 15.69 per 1,000 person-years in suitable, moderate, and
unfavorable environment groups when the score was a categorized
variable. The results of the cohort study were basically consistent with
the cross-sectional study. In the trend analyses, we found that a positive
link between arthritis risk and the living environmental quality score
(HR: 1.14, 95%CI: 1.02-1.29) does exist after controlling for potential
confounders, which means higher arthritis risk if people lived in
worsen environmental quality (P for trend <0.005). When dividing the
participants into different groups, the crude and full-adjusted models
also showed monotonous increasing trends between arthritis risk and
poor living environment (All P for trend <0.05). Individuals living in
moderate (HR:1.26, 95%CI: 1.01-1.56) and unfavorable (HR: 1.36,
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95%CI: 1.07-1.74) environments met an increased risk of arthritis after
adjusting for all potential confounders, compared to the suitable
environment group. As shown in Supplementary Table S8, no effect
modifier was detected (all P for interaction >0.05) and the results in
each stratum largely sided with the primary results, which further
examined the stability of our findings. Besides, after considering the
competition of deaths in the cohort study, the results in Fine & Grey
models were still stable and similar to the major results
(Supplementary Table S2). The results are consistent with primary
results after weighting effect size as the new living environment quality
score and the results were still kept in line with primary results after MI
(Supplementary Tables S3, S4). The results are consistent with the
primary results after utilizing the WHO recommendations as cutoft
points for PM2.5 (Supplementary Tables S5, S6).

4. Discussion

In the present study, both cross-sectional and longitudinal studies
found poorer living environmental quality associated with a higher
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risk of arthritis. This reminds us that we need to concentrate on the
overall living environmental quality, which is beneficial to older
people to alleviate the heavy burden of disease.

Indoor air pollution poses a great threat to human health. A higher
risk of chronic multimorbidity due to household air pollution was
identified in Chinese adults (26, 27). It was reported that about 50% of
individuals might choose solid fuels, such as coal, kerosene, and
biomass fuels, for domestic use for cooking and heating, especially in
some developing countries (28). When these solid fuels are burned,
household air pollution came after. One study from WHO has
indicated that household air pollution might result in about 2 million
deaths per year (29). Recently a nationwide population-based cohort
study showed that the incidence of arthritis was lower among clean fuel
users than solid fuel users, as a concrete manifestation of comparing to
clean fuel users, cooking and heating with solid fuels had a relatively
higher risk of arthritis (28). Another cohort study demonstrated the
same trend for cooking with solid fuel compared with cleaner fuel (20).
Meanwhile, a cross-sectional study comprehensively showed that the
use of gas, coal, wood, or biomass fuels for cooking was greatly
associated with increased odds of arthritis, compared to electricity (30).
Those evidences hinted us we need to incorporate household fuel types
as one of the important elements to estimate the comprehensive living
environmental quality. People consider it difficult to afford the high
cost of clean fuel used domestically, especially for an economically
underdeveloped country like China. Thus, they prefer cheap fuel types
and cleaner fuel use may be a barrier to tackling the health burden (31).
which means the process of switching from solid fuel to clean one can
be chronic and indicates the household fuel types is relatively stable.
Solid fuels play a leading role in heating in northern China (32). and
improving income levels is not predicted to alter the pattern of mixed
use of multiple fuels in China (33, 34). This evidence elucidated that
unhealthy energy is a long-term lifestyle habit that often persists over
a lifetime.

Water is a basic need of life and the quality of used water was
identified as a leading factor involved in the pathogenesis of many
diseases. A follow-up study has already indicated that individuals
suffered from complaints and symptoms after household water
contamination (35). Household water use was often polluted by heavy
metals and many other kinds of toxic elements (36, 37). Tap water in
residences is always uniformly filtered by the government so that it
tends to be healthier than other water sources such as groundwater
and well water. To the best of our knowledge, most studies mainly
focused on the effect of water contamination and arsenic exposure on
human health (38, 39). Only one study showed that drinking spring
water and the well water was associated with a higher risk of
osteoarthritis compared to drinking tap water. These studies indicated
household water sources play an essential in people’s everyday life and
impact residents’ health. However, the use of water sources was often
mixed, so further studies are supposed to explore the specific
mechanisms of the development of arthritis.

When climate change came into the researcher’s eyes, it was
confirmed to be a major contributor to arthritis (13). The physiological
functions of the human body could be directly influenced by temperature
changes and the incidence of illness and mortality related to cold and
heat stress might increase significantly. A meta-analysis reported that
climate change may influence the clinical care and pain reporting of
patients with RA (40). Likewise, one study from China reported that
temperature decrease was significantly associated with RA admission
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(25th percentile of temperature vs. 50th percentile of temperature), with
the acute and largest effect at current days lag (41). Another retrospective
cohort study showed minimum temperature has promoted effect on the
pain of rheumatoid arthritis (42). In contrast, fewer studies focused on
the association between indoor room temperature and arthritis. An
internet-based case-crossover study in the United States demonstrated
that higher temperatures were related to approximately 40% higher risk
of a gout attack, a chronic disease with inflammatory arthritis, compared
to moderate temperatures (43). In basic research, a mouse model with
Chikungunya (CHIKV) infection and arthritis showed that CHIKV
replication and foot arthropathy were reduced by housing at 30°C
compared to 22°C (44). In our study, the unfavorable temperature in the
residence was considered a potential risk factor for arthritis. However,
certain measured values for household temperature could not
be obtained, so more studies were still supposed to assess the effects of
indoor room temperature on arthritis.

Air pollution is a major environmental risk to public health.
Almost the whole global population is exposed to air pollution which
exceeds the standard of World Health Oganization (WHO) for PM, 5.
The specific mechanisms behind air pollution-caused arthritis might
include increased oxidative stress, epigenetic modifications, and
systemic inflammation induced by exposures and immune response
(45). Recently a case-crossover study including 888 patients with RA
showed a striking association between air pollution and the severity
of RA and reactivations. Higher levels of air pollutants were
associated with increased C-reaction protein (CRP) levels and a
higher risk of RA flare. Consistently, several studies from various
countries have indicated the correlation between PM, 5 exposure and
arthritis risk. A study including 722,885 individuals in Taiwan
showed an increased risk of developing RA in exposure to PM, 5 (12).
Meanwhile, a time-series study demonstrated that high-concentration
PM, 5 was associated with RA remission (46). One animal study also
showed a significant effect of exposure to particular matters (PMs)
and PMs gaseous exposure with osteoarthritis in rats (47). However,
some studies showed that air pollution might not be associated with
the risk of RA. A systemic meta-analysis demonstrated that there was
an inverse effect between PM, ; and arthritis (48). Results from the
Swedish Epidemiological Investigation of Rheumatoid Arthritis
(EIRA) case-control study also showed that PM,, was not associated
with the increased risk of RA (49). Similarly, another study from
Taiwan showed, among four quantiles of PM,; concentration,
demonstrated a risk trend between PM, 5 and RA although the results
were statistically insignificant (50). In our study, higher PM,;
concentration was listed as a potential risk factor in the environmental
score to estimate the overall living environment and its effect on
arthritis. Those results indicated a complex association between PMs
and arthritis. Different types of arthritis may have different relations
to exposure to PM,s;. For example, the correlation between
rheumatology arthritis and exposure to PM,s may differ from
osteoarthritis. As one recent study reported that the models with 89%
weighting the late-stage (>40 years) indicated PM, 5 exposure was not
associated with gout or osteoarthritis (51). However, the results
remain controversial. Many studies indicated the detrimental effect
of PM, ; on overall arthritis (30, 52). Indeed, future studies need to
explore the relationship between specific arthritis and PM, ; exposure
and identify the association between our score and specific arthritis.
Any extrapolation on the association between the score and specific
types of arthritis based on our study should be careful.
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The environments of the living and working buildings were
reported to impose an effect on human health. Whereas, few studies
focused on the role of the built environments of various neighborhoods
in the development of arthritis. Most concentrated on the impact of
the built environment on physical activity and pain in arthritis
patients. Results of the 2015 National Health Interview Survey Data
showed that less than a highly-walkable neighborhood and lower
social cohesion were independently associated with decreased odds of
meeting physical activity recommendations among adults with
arthritis and recent joint pain (53). Another scope review revealed that
a neighborhood-built environment was very important for supporting
osteoarthritis self-management, especially for facilitating physical
activity (54). One cross-sectional study in Finland, Poland, and Spain
demonstrated that the improvement of neighborhood features could
facilitate the mobility of the aging population, with evidence of
benefits for health (55). What's more, people living in older households
tended to have abnormal clinical features of ankylosing spondylitis,
compared to people who lived in buildings that were developed in
1990 or after (56). Moreover, specific attributes of the neighborhood-
built environment were greatly associated with physical activity in
older people with lower limb osteoarthritis than those without it (57).
The influence of the type of housing on arthritis is still obscure. A
study from China has investigated the association between the
environment of buildings, including types of buildings, and self-
reported health status (58). That study found living in a multi-story
building was a risk factor for health-related challenges compared to
residing in a single-story house and high-rise elevator buildings
among older persons. In the present study, it was reported that living
in a single-story building, compared to living in a multi-story housing,
was listed as a potential risk factor associated with a greater risk of
arthritis. The discrepancy may vary across ages and differ by different
outcomes. It was reported that the older population living in rural
areas and staying at lower socioeconomic status was supposed to
suffer from arthritis (14). This phenomenon is more common in
China, multi-floor housings were very popular in urban areas since
the 1950s, they were built by the government and used for nation-
owned companies’ work units for their laborers to live in; however,
many people from disadvantaged backgrounds still tent to live in
single-story buildings at that time (59).

The environment of human living was very complex and filled
with indoor and outdoor pollutants. Numerous studies have
demonstrated the correlation between a single environmental factor
and arthritis. However, studies about the combined effects of various
environmental factors were very limited, so it was prompt to explore
the integrated risk factors for arthritis in the living environment. To
explore the comprehensive environmental exposure in people’s living
environments, a score combining five different items in our daily life
was utilized to evaluate the possible exposure level of every person,
simulate to the scores of a healthy lifestyle. Through a cross-sectional
and seven-year cohort study, the results of our study showed that there
is a detrimental effect of poor environmental living quality on arthritis.
In the cross-sectional analyses, education level and drinking status
were identified to modify the association between the living
environmental score and arthritis, although the trend remained the
same as the main results. Education levels are straightly related to
working types and environment and reflect socioeconomic status to
some degree. Our results indicated that those with higher education
levels living in worse environmental quality were supposed to have a

Frontiers in Public Health

10.3389/fpubh.2023.1181625

higher risk of arthritis and more attention should be paid to this
group. The effect of alcohol consumption on arthritis remained, and
its effect on arthritis sustained although people have quit drinking,
which means alcohol intake can pose a chronic impact on arthritis.
Additionally, the specific alcohol intake was not measured in our study
due to the data limitation. Future studies are needed to study how
alcohol consumption modified the association between living
environmental quality score and arthritis. Nevertheless, the specific
mechanisms of how the environment influences arthritis were not
studied completely. Many pathways regulated by the pollutants in
different media were identified to involve in arthritis responses. For
example, pollutants inhaled in the lung could trigger pro-inflammatory
or oxidative stress mediators and take part in the internal circulation
of the human body. Meanwhile, the imbalance of the autonomic
nervous system could be produced by these pollutants. Moreover,
some elements of the pollutants might straightly get into the bone and
skeletal tissues and participate in the development of arthritis. These
pollutants could induce subclinical physiological changes, such as
synovium injury, fatigue, movement disorder, vasoconstriction and
endothelial dysfunction, which might direct the actual cause of the
arthritis event in a single person.

To the best of our knowledge, the present study was the first to
analyze the effects of comprehensive living quality on arthritis utilizing
the comprehensive score. An integrated environment, including
indoor and outdoor environments, as well as chemical elements and
physical factors, was estimated to provide the most accurate
description of environmental exposures. The findings in our study
could well illustrate the casual association according to the cross-
sectional and cohort study. Above all, the burden of arthritis was one
of the most serious public health problems. Our study could help to
discover the high-risk populations and carry out preventive methods
timely. However, the present study still has some limitations to notice.
First, the diagnosis of arthritis relies on self-reported physician-
diagnosed arthritis, which means the number of patients and
association of living quality with arthritis may be underestimated.
However the diagnostic method was validated, and the statistical
results still hold (60). Second, we focused on the association between
baseline exposure and arthritis but the exposure may change as time
goes by. Therefore, future studies should consider measuring this
association more comprehensively. Third, the weighted scores have
been used in our study, the results were not changed significantly, and
another study proved the validity of the current living environment
score (19, 20). Nonetheless, there are still some improvement areas in
the algorithm of living environment score due to many other factors
also existing in people’s living settings. Fourth, although the
temperature indoors is relatively steady for humans and has been used
in some studies (16), the temperature outdoors is varying across
different times, and further studies are needed to elucidate the
association between the fluctuation of temperature and arthritis. Fifth,
the data on certain types of arthritis was lacking, and the impact of our
score on particular arthritis could not be validated in detail and the
results may vary. So, any extrapolation about the effect of living
environment quality on specific types of arthritis based on this study
should be approached with caution although the association between
living environment and overall arthritis has been found. And future
studies are needed to explore the association between the living
environmental quality score and certain types of arthritis. Finally,
many confounding factors may still exist although the current study
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included many significant confounders including demographic
factors, lifestyle, social status, and clinical features.

5. Conclusion

Worse living environmental quality was adversely correlated to
arthritis, both in the cross-sectional and the seven-year follow-up
studies. We consider it necessary to attract the attention of the public
and the government to the importance of spending efforts to improve
the living environment.

Data availability statement

Publicly available datasets were analyzed in this study. This data
can be found here: All the data can be obtained from the China Health
and Retirement Longitudinal Study 2011 to 2018 (http://charls.pku.
edu.cn/).

Ethics statement

The studies involving human participants were reviewed and
approved by the study protocol was approved by Peking University’s
Ethical Review Committee (IRB0000105211015). The patients/
participants provided their written informed consent to participate in
this study.

Author contributions

LG, YL, and RL: designed and devised. YZ, RL, and RG: control.
YZ, RL and RG: writing and translation. YL, LG, and YZ: revising and
reviewing. All authors contributed to the article and approved the
submitted version.

References

1. Gikaro JM, Xiong H, Lin E. Activity limitation and participation restriction in
osteoarthritis and rheumatoid arthritis: findings based on the National Health and
nutritional examination survey. BMC Musculoskelet Disord. (2022) 23:647. doi: 10.1186/
$12891-022-05607-z

2. Yan H, Guo J, Zhou W, Dong C, Liu J. Health-related quality of life in osteoarthritis
patients: a systematic review and meta-analysis. Psychol Health Med. (2022) 27:1859-74.
doi: 10.1080/13548506.2021.1971725

3. Cai Y, Zhang J, Liang ], Xiao M, Zhang G, Jing Z, et al. The burden of rheumatoid
arthritis: findings from the 2019 global burden of diseases study and forecasts for 2030
by Bayesian age-period-cohort analysis. ] Clin Med. (2023) 12. doi: 10.3390/jcm12041291

4. Cao F, He YS, Wang Y, Zha CK, Lu JM, Tao LM, et al. Global burden and cross-
country inequalities in autoimmune diseases from 1990 to 2019. Autoimmun Rev. (2023)
22:103326. doi: 10.1016/j.autrev.2023.103326

5. Murphy LB, Cisternas MG, Pasta DJ, Helmick CG, Yelin EH. Medical expenditures
and earnings losses among US adults with arthritis in 2013. Arthritis Care Res (Hoboken).
(2018) 70:869-76. doi: 10.1002/acr.23425

6. Liu M, Jin E Yao X, Zhu Z. Disease burden of osteoarthritis of the knee and hip due
to a high body mass index in China and the USA: 1990-2019 findings from the global
burden of disease study 2019. BMC Musculoskelet Disord. (2022) 23:63. doi: 10.1186/
512891-022-05027-z

7. Long H, Liu Q, Yin H, Wang K, Diao N, Zhang Y, et al. Prevalence trends of site-
specific osteoarthritis from 1990 to 2019: findings from the global burden of disease
study 2019. Arthritis Rheumatol. (2022) 74:1172-83. doi: 10.1002/art.42089

Frontiers in Public Health

10.3389/fpubh.2023.1181625

Funding

The study was supported by Medical Science Research Project of
Hebei Province in 2020 (NO. 20201458) and Medical Science Research
Project of Hebei Province in 2021 (NO. 20211157).

Acknowledgments

The authors would like to thank all the participants, investigators,
and researchers in the whole projects. The study protocol was
approved by Peking University’s Ethical Review Committee
(IRB0000105211015). All participants wrote informed consent.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.1181625/
full#supplementary-material

8. Chang C, Xu L, ZhangR, Jin Y, Jiang P, Wei K, et al. MicroRNA-mediated epigenetic
regulation of rheumatoid arthritis susceptibility and pathogenesis. Front Immunol.
(2022) 13:838884. doi: 10.3389/fimmu.2022.838884

9. Padyukov L. Genetics of rheumatoid arthritis. Semin Immunopathol. (2022)
44:47-62. doi: 10.1007/s00281-022-00912-0

10. Wu ZD, Yang XK, He YS, Ni J, Wang J, Yin K], et al. Environmental factors and
risk of gout. Environ Res. (2022) 212:113377. doi: 10.1016/j.envres.2022.113377

11. Sigaux J, Biton J, André E, Semerano L, Boissier MC. Air pollution as a determinant
of rheumatoid arthritis. Joint Bone Spine. (2019) 86:37-42. doi: 10.1016/j.
jbspin.2018.03.001

12. Zhao CN, Xu Z, Wu GC, Mao YM, Liu LN, Qian W, et al. Emerging role of air
pollution in autoimmune diseases. Autoimmun Rev. (2019) 18:607-14. doi: 10.1016/j.
autrev.2018.12.010

13.Zhang Y, Wu T, Shen S, Xiong Y, Wang X, Yang J, et al. Association between
drinking water sources and osteoarthritis incidence in Chinese elderly population:
National Population-Based Cohort Study. Front Med (Lausanne). (2021) 8:759514. doi:
10.3389/fmed.2021.759514

14.Lyu Y, Forsyth A, Worthington S. Built environment and self-rated health:
comparing young, middle-aged, and older people in Chengdu, China. Herd. (2021)
14:229-46. doi: 10.1177/1937586720982566

15. Timmermans EJ, Schaap LA, Visser M, van der Ploeg HP, Wagtendonk AJ, van der
Pas S, et al. The association of the neighbourhood built environment with objectively

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1181625
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://charls.pku.edu.cn/
http://charls.pku.edu.cn/
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1181625/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1181625/full#supplementary-material
https://doi.org/10.1186/s12891-022-05607-z
https://doi.org/10.1186/s12891-022-05607-z
https://doi.org/10.1080/13548506.2021.1971725
https://doi.org/10.3390/jcm12041291
https://doi.org/10.1016/j.autrev.2023.103326
https://doi.org/10.1002/acr.23425
https://doi.org/10.1186/s12891-022-05027-z
https://doi.org/10.1186/s12891-022-05027-z
https://doi.org/10.1002/art.42089
https://doi.org/10.3389/fimmu.2022.838884
https://doi.org/10.1007/s00281-022-00912-0
https://doi.org/10.1016/j.envres.2022.113377
https://doi.org/10.1016/j.jbspin.2018.03.001
https://doi.org/10.1016/j.jbspin.2018.03.001
https://doi.org/10.1016/j.autrev.2018.12.010
https://doi.org/10.1016/j.autrev.2018.12.010
https://doi.org/10.3389/fmed.2021.759514
https://doi.org/10.1177/1937586720982566

Liu et al.

measured physical activity in older adults with and without lower limb osteoarthritis.
BMC Public Health. (2016a) 16:710. doi: 10.1186/s12889-016-3347-8

16.Yang Y, Cao L, Xia Y, Li J. The effect of living environmental factors
oncardiovascular diseases in Chinese adults: results from a cross-sectional and
longitudinal study. Eur ] Prev Cardiol. (2022) 25:zwac304. doi: 10.1093/eurjpc/zwac304

17.Zhao Y, Hu Y, Smith JP, Strauss J, Yang G. Cohort profile: the China health and
retirement longitudinal study (CHARLS). Int ] Epidemiol. (2014) 43:61-8. doi:
10.1093/ije/dys203

18.van Donkelaar A, Martin RV, Brauer M, Hsu NC, Kahn RA, Levy RC, et al.
Global estimates of fine particulate matter using a combined geophysical-statistical
method with information from satellites, models, and monitors. Environ Sci Technol.
(2016) 50:3762-72. doi: 10.1021/acs.est.5b05833

19.Liu Y, Ning N, Sun T, Guan H, Liu Z, Yang W, et al. Association between solid
fuel use and nonfatal cardiovascular disease among middle-aged and older adults:
findings from the China health and retirement longitudinal study (CHARLS). Sci Total
Environ. (2023b) 856:159035. doi: 10.1016/j.scitotenv.2022.159035

20.Deng Y, Gao Q, Yang T, Wu B, Liu Y, Liu R. Indoor solid fuel use and incident
arthritis among middle-aged and older adults in rural China: a nationwide population-
based cohort study. Sci Total Environ. (2021) 772:145395. doi: 10.1016/j.
scitotenv.2021.145395

21.Luo H, Li J, Zhang Q, Cao P, Ren X, Fang A, et al. Obesity and the onset of
depressive symptoms among middle-aged and older adults in China: evidence from
the CHARLS. BMC Public Health. (2018) 18:909. doi: 10.1186/s12889-018-5834-6

22.Luo H, Ren X, Li ], Wu K, Wang Y, Chen Q, et al. Association between obesity
status and successful aging among older people in China: evidence from CHARLS.
BMC Public Health. (2020) 20:767. doi: 10.1186/s12889-020-08899-9

23. Appel L], Stason WB. Ambulatory blood pressure monitoring and blood pressure
self-measurement in the diagnosis and management of hypertension. Ann Intern Med.
(1993) 118:867-82. doi: 10.7326/0003-4819-118-11-199306010-00008

24. Hoffmann B, Boogaard H, de Nazelle A, Andersen Z], Abramson M, Brauer M,
et al. WHO air quality guidelines 2021-aiming for healthier air for all: a Jo int
statement by medical, public health, scientific societies and Pati ent representative
organisations. Int ] Public Health. (2023) 66:1604465. doi: 10.3389/ijph.2021.1604465

25. Christ-Crain M, Winzeler B, Refardt J. Diagnosis and management of diabetes
insipidus for the internist: an u pdate. J Intern Med. (2021) 290:73-87. doi: 10.1111/
joim.13261

26. Chudasama YV, Khunti K, Gillies CL, Dhalwani NN, Davies MJ, Yates T, et al.
Healthy lifestyle and life expectancy in people with multimorbidity in the UK biobank:
a longitudinal cohort study. PLoS Med. (2020) 17:e1003332. doi: 10.1371/journal.
pmed.1003332

27.Han H, Cao Y, Feng C, Zheng Y, Dhana K, Zhu S, et al. Association of a Healthy
Lifestyle with all-Cause and Cause-Specific Mortality among Individuals with Type 2
diabetes: a prospective study in UK biobank. Diabetes Care. (2022) 45:319-29. doi:
10.2337/dc21-1512

28.Shi W, Zhang T, Li Y, Huang Y, Luo L. Association between household air
pollution from solid fuel use and risk of chronic diseases and their multimorbidity
among Chinese adults. Environ Int. (2022) 170:107635. doi: 10.1016/j.
envint.2022.107635

29.Martin 'WJ, Glass RI, Balbus JM, Collins FS. Public health. A major
environmental cause of death. Science. (2011) 334:180-1. doi: 10.1126/science.1213088

30.Liu YH, Lu YK, Liu XT, Li YL, Hu LK, Gao HY, et al. Association of household
solid fuel use and long-term exposure to PM(2.5) with arthritis in middle-aged and
older population in China: a cohort study. Ecotoxicol Environ Saf. (2021) 230:113104.
doi: 10.1016/j.ecoenv.2021.113104

31.Yu H, Luo J, Chen K, Pollitt KJG, Liew Z. Solid fuels use for cooking and sleep
health in adults aged 45 years and older in China. Sci Rep. (2021) 11:13304. doi:
10.1038/s41598-021-92452-0

32.Zhu X, Yun X, Meng W, Xu H, Du W, Shen G, et al. Stacked use and transition
trends of rural household energy in mainland China. Environ Sci Technol. (2019)
53:521-9. doi: 10.1021/acs.est.8b04280

33. Kowsari R, Zerriffi H. Three dimensional energy profile. Energy Policy. (2011)
39:7505-17. doi: 10.1016/j.enpol.2011.06.030

34. Lee LY-T. Household energy mix in Uganda. Energy Econ. (2018) 39:252-61. doi:
10.1016/j.eneco.2013.05.010

35.Yamamoto SS, Yacyshyn E, Jhangri GS, Chopra A, Parmar D, Jones CA.
Household air pollution and arthritis in low-and middle-income countries: cross-
sectional evidence from the World Health Organization's study on global ageing and
adult health. PLoS One. (2019) 14:€0226738. doi: 10.1371/journal.pone.0226738

36. Bain R, Johnston R, Khan S, Hancioglu A, Slaymaker T. Monitoring drinking
water quality in nationally representative household surveys in low- and middle-
income countries: cross-sectional analysis of 27 multiple Indicator cluster surveys
2014-2020. Environ Health Perspect. (2021) 129:97010. doi: 10.1289/ehp8459

37.Laine J, Laine O, Lumio ], Antonen J, Toikkanen S, Virtanen MJ, et al. A
controlled survey of less typical long-term consequences after an extensive waterborne
epidemic. BMC Infect Dis. (2017) 17:161. doi: 10.1186/s12879-017-2260-9

Frontiers in Public Health

10.3389/fpubh.2023.1181625

38. Siddigi SA, Al-Mamun A, Baawain MS, Sana A. Groundwater contamination in
the Gulf cooperation council (GCC) countries: a review. Environ Sci Pollut Res Int.
(2021) 28:21023-44. doi: 10.1007/s11356-021-13111-5

39. Wongsasuluk P, Chotpantarat S, Siriwong W, Robson M. Using hair and fingernails
in binary logistic regression for bio-monitoring of heavy metals/metalloid in
groundwater in intensively agricultural areas, Thailand. Environ Res. (2018) 162:106-18.
doi: 10.1016/j.envres.2017.11.024

40. Franchini M, Mannucci PM. Impact on human health of climate changes. Eur ]
Intern Med. (2015) 26:1-5. doi: 10.1016/j.ejim.2014.12.008

41. Smedslund G, Hagen KB. Does rain really cause pain? A systematic review of the
associations between weather factors and severity of pain in people with rheumatoid
arthritis. Eur J Pain. (2011) 15:5-10. doi: 10.1016/j.¢jpain.2010.05.003

42.Zhao D, Cheng J, Bao P, Zhang Y, Liang F, Wang H, et al. Effect of ambient
temperature on outpatient admission for osteoarthritis and rheumatoid arthritis in a
subtropical Chinese city. BMC Public Health. (2022) 22:172. doi: 10.1186/
512889-021-11994-0

43. Azzouzi H, Ichchou L. Seasonal and weather effects on rheumatoid arthritis: myth
or reality? Pain Res Manag. (2020) 2020:5763080-5. doi: 10.1155/2020/5763080

44.Neogi T, Chen C, Niu J, Chaisson C, Hunter DJ, Choi H, et al. Relation of
temperature and humidity to the risk of recurrent gout att acks. Am J Epidemiol. (2014)
180:372-7. doi: 10.1093/aje/kwul47

45. Prow NA, Tang B, Gardner J, Le TT, Taylor A, Poo YS, et al. Lower temperatures
reduce type I interferon activity and promote alphaviral arthritis. PLoS Pathog. (2017)
13:¢1006788. doi: 10.1371/journal.ppat.1006788

46. Ho WC, Chou LW, Wang RY, Doan TN, Yu HL, Chou TH, et al. Association
between exposure to ambient air pollution and the risk of rheumatoid arthritis in
Taiwan: a population-based retrospective cohort study. Int ] Environ Res Public Health.
(2022b) 19:7006. doi: 10.3390/ijerph19127006

47. Wu Q, Xu Z, Dan YL, Cheng J, Zhao CN, Mao YM, et al. Association between traffic-
related air pollution and hospital readmissions for rheumatoid arthritis in Hefei, China: a
time-series study. Environ Pollut. (2021) 268:115628. doi: 10.1016/j.envpol.2020.115628

48. Fitriyah A, Nikolenko DA, Abdelbasset WK, Maashi MS, Jalil AT, Yasin G, et al.
Exposure to ambient air pollution and osteoarthritis; an animal study. Chemosphere.
(2022) 301:134698. doi: 10.1016/j.chemosphere.2022.134698

49.Di D, Zhang L, Wu X, Leng R. Long-term exposure to outdoor air pollution and
the risk of developmen t of rheumatoid arthritis: a systematic review and meta-analysis.
Semin Arthritis Rheum. (2020) 50:266-75. doi: 10.1016/j.semarthrit.2019.10.005

50. Hart JE, Kéllberg H, Laden E, Bellander T, Costenbader KH, Holmqyvist M, et al.
Ambient air pollution exposures and risk of rheumatoid arthritis: resu Its from the
Swedish EIRA case-control study. Ann Rheum Dis. (2013) 72:888-94. doi: 10.1136/
annrheumdis-2012-201587

51. Tsai CY, Su CL, Wang YH, Wu SM, Liu WT, Hsu WH, et al. Impact of lifetime air
pollution exposure patterns on the risk of chronic disease. Environ Res. (2023)
229:115957. doi: 10.1016/j.envres.2023.115957

52.Liu C, Cao G, LiJ, Lian S, Zhao K, Zhong Y, et al. Effect of long-term exposure to
PM(2.5) on the risk of type 2 diabetes and arthritis in type 2 diabetes patients: evidence
from a national cohort in China. Environ Int. (2023a) 171:107741. doi: 10.1016/j.
envint.2023.107741

53. Ho W-C, Chou L-W, Wang R-Y, Doan T-N, Yu H-L, Chou T-H, et al. Association
between exposure to ambient air pollution and the risk of rheumatoid arthritis in
Taiwan: a population-based retrospective Cohor t study. Int ] Environ Res Public Health.
(2022a) 19:7006. doi: 10.3390/ijerph19127006

54. Vallejo-Medina P, Correa JC, Gomez-Lugo M, Saavedra-Roa DA, Garcia-Montafio
E, Pérez-Pedraza D, et al. A text mining approach for adapting a school-based sexual
health promotion program in Colombia. Prev Med Rep. (2020) 18:101090. doi: 10.1016/j.
pmedr.2020.101090

55. Bowden JL, Hunter DJ, Feng Y. How can neighborhood environments facilitate
management of osteoarthritis: a scoping review. Semin Arthritis Rheum. (2021)
51:253-65. doi: 10.1016/j.semarthrit.2020.09.019

56. Raggi A, Corso B, De Torres L, Quintas R, Chatterji S, Sainio P, et al. Determinants
of mobility in populations of older adults: results from a cross-sectional study in Finland,
Poland and Spain. Maturitas. (2018) 115:84-91. doi: 10.1016/j.maturitas.2018.06.018

57. Shiue I. Relationship of environmental exposures and ankylosing spondylitis and
spinal mobility: US NHAENS, 2009-2010. Int ] Environ Health Res. (2015) 25:322-9. doi:
10.1080/09603123.2014.945512

58. Timmermans EJ, Schaap LA, Visser M, van der Ploeg HP, Wagtendonk AJ, van der
Pas S, et al. The association of the neighbourhood built environment with objectivel y
measured physical activity in older adults with and without lower li mb osteoarthritis.
BMC Public Health. (2016b) 15:710. doi: 10.1186/s12889-016-3347-8

59.Li C, Liu T, Sun W, Wu L, Zou Z-Y. Prevalence and risk factors of arthritis in a
middle-aged and older Ch inese population: the China health and retirement
longitudinal study. Rheumatology (Oxford). (2015) 54:697-706. doi: 10.1093/
rheumatology/keu391

60.Yu Y, Chen Z, Bu J, Zhang Q. Do stairs inhibit seniors who live on upper floors
from going out? HERD. (2020) 13:128-43. doi: 10.1177/1937586720936588

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1181625
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1186/s12889-016-3347-8
https://doi.org/10.1093/eurjpc/zwac304
https://doi.org/10.1093/ije/dys203
https://doi.org/10.1021/acs.est.5b05833
https://doi.org/10.1016/j.scitotenv.2022.159035
https://doi.org/10.1016/j.scitotenv.2021.145395
https://doi.org/10.1016/j.scitotenv.2021.145395
https://doi.org/10.1186/s12889-018-5834-6
https://doi.org/10.1186/s12889-020-08899-9
https://doi.org/10.7326/0003-4819-118-11-199306010-00008
https://doi.org/10.3389/ijph.2021.1604465
https://doi.org/10.1111/joim.13261
https://doi.org/10.1111/joim.13261
https://doi.org/10.1371/journal.pmed.1003332
https://doi.org/10.1371/journal.pmed.1003332
https://doi.org/10.2337/dc21-1512
https://doi.org/10.1016/j.envint.2022.107635
https://doi.org/10.1016/j.envint.2022.107635
https://doi.org/10.1126/science.1213088
https://doi.org/10.1016/j.ecoenv.2021.113104
https://doi.org/10.1038/s41598-021-92452-0
https://doi.org/10.1021/acs.est.8b04280
https://doi.org/10.1016/j.enpol.2011.06.030
https://doi.org/10.1016/j.eneco.2013.05.010
https://doi.org/10.1371/journal.pone.0226738
https://doi.org/10.1289/ehp8459
https://doi.org/10.1186/s12879-017-2260-9
https://doi.org/10.1007/s11356-021-13111-5
https://doi.org/10.1016/j.envres.2017.11.024
https://doi.org/10.1016/j.ejim.2014.12.008
https://doi.org/10.1016/j.ejpain.2010.05.003
https://doi.org/10.1186/s12889-021-11994-0
https://doi.org/10.1186/s12889-021-11994-0
https://doi.org/10.1155/2020/5763080
https://doi.org/10.1093/aje/kwu147
https://doi.org/10.1371/journal.ppat.1006788
https://doi.org/10.3390/ijerph19127006
https://doi.org/10.1016/j.envpol.2020.115628
https://doi.org/10.1016/j.chemosphere.2022.134698
https://doi.org/10.1016/j.semarthrit.2019.10.005
https://doi.org/10.1136/annrheumdis-2012-201587
https://doi.org/10.1136/annrheumdis-2012-201587
https://doi.org/10.1016/j.envres.2023.115957
https://doi.org/10.1016/j.envint.2023.107741
https://doi.org/10.1016/j.envint.2023.107741
https://doi.org/10.3390/ijerph19127006
https://doi.org/10.1016/j.pmedr.2020.101090
https://doi.org/10.1016/j.pmedr.2020.101090
https://doi.org/10.1016/j.semarthrit.2020.09.019
https://doi.org/10.1016/j.maturitas.2018.06.018
https://doi.org/10.1080/09603123.2014.945512
https://doi.org/10.1186/s12889-016-3347-8
https://doi.org/10.1093/rheumatology/keu391
https://doi.org/10.1093/rheumatology/keu391
https://doi.org/10.1177/1937586720936588

	Association between living environmental quality and risk of arthritis in middle-aged and older adults: a national study in China
	1. Introduction
	2. Methods and materials
	2.1. Study population
	2.2. Assessment of living environmental quality
	2.3. Assessment of arthritis
	2.4. Assessment of covariates
	2.5. Statistical analysis

	3. Results
	3.1. The baseline characteristics of study participants
	3.2. Associations between the living environmental quality score and arthritis in the cross-sectional study
	3.3. Associations between the living environmental risk score and arthritis at follow-up 2011–2018

	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

