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Abstract 

Background  The accumulation of heavy metals in surface soil raises significant environmental and public health 
concerns around the world. This study aimed to examine the relationship between exposure to heavy metals in sur-
face soil and the risk of pain among residents.

Methods  Using national data on eight heavy metals (arsenic, cadmium, chromium, copper, lead, mercury, nickel 
and zinc) in China’s surface soil and a population cohort from 2011 to 2018, we analyzed pain occurrences in various 
body locations. Logistic regression models were used to assess the association between exposure to heavy metal 
in soil and pain, as adjusting for gender, age, education level, body mass index, living region, and lifestyle. The study 
included 13,178 individuals.

Results  Higher exposure to soil arsenic was found to be associated with increased risk of shoulders [adjusted odds 
ratio (99.99% CI), 1.49 (1.01, 2.19)], wrists [1.68 (1.06, 2.64)] and ankles pain [1.58 (1.01, 2.50)]. No association was found 
between the remaining seven heavy metals and different types of body pain.

Conclusion  Our results indicate that higher soil arsenic exposure is associated with an increased risk of pain in spe-
cific body regions. This study is the first examining the associations between multiple heavy metals in surface soil 
and the risks of pain in different body sites. Our findings provide new insights into the health risks of soil heavy metal 
exposure.
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Introduction
Heavy metals (HMs) are persistent environmental pol-
lutants that pose significant risks to the health of the 
human community. These elements, including arsenic 
(As), cadmium (Cd), chromium (Cr), copper (Cu), lead 
(Pb), mercury (Hg), nickel (Ni), and zinc (Zn), originate 
from both natural and anthropogenic sources, such as 
mining, industrial activities, and agricultural practices 
[1]. Exposure to HMs occurs through multiple pathways, 
including contaminated soil, water, air, and food, with 
increasing evidence linking chronic exposure to severe 
health consequences, including cardiovascular disease, 
Alzheimer’s disease, osteoarthritis, diabetes, and other 
chronic conditions [2–5].

Soil contamination is a particularly critical expo-
sure route, as HMs can persist in the environment for 
extended periods and accumulate in the food chain 
through the soil–plant-human system [6, 7]. Previous 
studies have shown that long-term consumption of pro-
duce grown in HM-contaminated soil is associated with 
reduced life expectancy and increased risks of specific 
cancers, such as oral cancer in regions with high Ni and 
Cr soil concentrations [6, 8–10]. In China, over 19% of 
agricultural land is contaminated with various HMs, 
underscoring the need for urgent investigation into their 
health effects on local populations [11]. In addition to 
ingestion, exposure to contaminated soil also commonly 
occurs through dermal contact and inhalation of resus-
pended soil particles, particularly in occupational and 
residential settings near industrial areas [12, 13].

Pain is a significant global health concern, affecting 
approximately 20% of adults worldwide, with 10% suf-
fering from chronic pain annually [14]. Pain is not only 
a debilitating condition but is also closely linked to men-
tal health disorders and reduced quality of life [15–17]. A 
growing body of evidence suggests that HMs play criti-
cal roles in body pain pathophysiology. Specifically, an 
association between urinary Cd levels and chronic mus-
culoskeletal pain in residents of cadmium-contaminated 
areas has been demonstrated [18]. Furthermore, popula-
tion-based studies have showed that elevated blood Cd 
and Pb levels are associated with increased pain risks [19, 
20]. In addition, clinical case studies have found that Cd 
has been associated with severe musculoskeletal pain and 
inflammation, including fibromyalgia and Itai-Itai disease 
[21–24], while Pb and Hg exposures have been reported 
to induce abdominal pain and exacerbate systemic or 
rheumatologic pain conditions [25–30]. These findings 
suggest the relationship between HM exposure and pain 
but the evidence from the large-scale environmental set-
ting is largely lacking.

Despite increasing recognition of the health risks posed 
by HMs exposure, epidemiological evidence linking 

environmental HM exposure specifically to body pain is 
lack. Moreover, given the geographical complexity and 
regional variability of soil contents, there is an important 
research requirement of epidemiological evidence evalu-
ating HMs in surface soil as potential determinants of 
body pain. This study represents the first nationwide epi-
demiological study evaluating the associations between 
multiple HMs in surface soils and the risk of pain across 
various body regions. By using data covering a nationally 
representative population, our research aims to investi-
gate the association between eight common HMs in sur-
face soils and pain in various body parts (head, shoulders, 
arms, wrists, fingers, chest, stomach, back, waist, but-
tocks, legs, ankles, toes and neck). Additionally, we aim 
to explore the relationship between soil HMs and mul-
tiple sites of pain, including upper segment pain, lower 
segment pain, axial pain and widespread pain.

Materials and methods
Measurement of soil HMs exposure
Data on the mean concentrations of As, Cd, Cr, Cu, Hg, 
Ni, Pb, Zn in surface soils for studied prefecture-level 
areas (i.e. the administrative level smaller than prov-
ince and larger than county in China) across China was 
provided by the Key Laboratory of Environment Reme-
diation and Ecological Health, Ministry of Education, 
College of Environmental and Resource Sciences, Zhe-
jiang University [31]. The data was compiled through a 
meta-analysis of all published studies conducted between 
2008 and 2018, which followed the below selection cri-
teria: 1) The soil samples were taken from the top 20 cm 
layer; 2) The sample processing and analysis followed the 
Technical Specifications for Soil Environmental Monitor-
ing by the Ministry of Ecology and Environment of China 
[32]; and 3) The studies did not survey heavily polluted 
sites, such as mining tailings, electronic waste sites and 
coal-fired power plants. In total, the project analyzed 
1203 studies with more than 250,000 soil samples from 
312 prefectures. The project summarized the arithmetic 
average concentration of each heavy metal at the prefec-
ture level using the weighting system based on the sam-
ple size in each case study. This study standardized HM 
concentrations to 100 mg/kg (100 mg per kg of solid sam-
ple) to enhance the interpretation of odds ratios in the 
statistical analysis.

Health database
Information on pain were derived from the China 
Health and Retirement Longitudinal Study (CHARLS), 
conducted by the Institute of Social Science Sur-
vey of Peking University (ethical approval number: 
IRB00001052-11015) [33, 34]. CHARLS is an on-going, 
nation-wide representative longitudinal health survey of 
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residents aged over 45 years and older. The baseline data 
of CHARLS was obtained in 2011 including individuals 
(age ≥ 45 years) selected from 125 prefectures (450 com-
munities) across the most part of mainland China (except 
for Tibet, Ningxia and Hainan provinces) by using a 
probability-proportional-to-size sampling technique. 
Follow-up surveys were conducted each two years. All 
respondents were interviewed face-to-face via computer-
assisted personal interviewing technology for surveying. 
The survey collected health information, socio-demo-
graphics, and factors of lifestyle and residential environ-
ment for each participant. Participants, who responded 
to the health information section of survey at the baseline 
in 2011 and the follow-up survey in 2018, were analyzed 
as a cohort in this study (n = 13,178).

Database mapping
The missing rate of the processed HM data was 11.2% 
(280 out of 2,496 total data points), which resulted from 
incomplete reporting of certain HM concentrations for 
specific prefecture-level cities in the reviewed studies. 
For the missing data, we employed an approach of mul-
tiple imputation to estimate these unmeasured values. 
Specifically, we used the 20-repeat chained equations 
method [35, 36]. This method involves the use of a Gibbs-
like algorithm that allows the sequential imputation of 
multiple variables through univariate fully conditional 
specifications. For this particular exercise, we used the 
Gaussian normal regression imputation model within the 
above framework. Following this we integrated the HM 

database with the study population using their reported 
residential locations at the prefecture level. For the 27 
(out of 125) prefectures were not mapped with HM data-
base, we used available data from geographically near-
est locations, based on the linear distance between their 
centers, with a maximum distance threshold of 250  km 
for data adoption [37, 38]. This resulted in a total of 
13,178 study participants from 125 prefectures being 
mapped with regional HMs data. Over three-quarters 
of the study cohort were lifelong local residents (77.6%, 
10,227), and most did not relocate from 2011 to 2018 
(83.6%, 11,021). A flowchart detailing this process is pre-
sented as Supplementary Fig. 1.

Measurement of pain
The study collected self-reported data on body pain based 
on different body parts, using the following questions: ‘1) 
Are you often troubled with any pain in body?’ and ‘2) 
Where on your body do you feel pain? Please list all parts 
of body you are currently feeling pain.’ [33]. Different 
body parts were shown to the participants in a manikin 
labelled as: head, shoulders, arms, wrists, fingers, chest, 
stomach, back, waist, buttocks, legs, knees, ankles, toes 
and neck (Fig.  1). Pain in shoulders, arms, wrists, fin-
gers and waists were classified as upper segment pain, 
whereas pain in buttocks, legs, knees, ankles and toes 
were lower segment pain. Pain occurring in neck, chest 
and back was identified as axial pain [39]. Widespread 
pain was also introduced and defined as multiple pain in 
all of the three segments: upper, lower and axial (e.g., a 

Fig. 1  Classifications of body pain
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participant with neck pain, arms pain and legs pain) [39–
41]. This definition is slightly different from that given by 
the American College of Rheumatology [39] in which it is 
identified when pain present in left, right, upper (above 
the waist), lower (lower the waist) and axial (cervical 
spine or anterior chest or thoracic spine or low back) 
regions of body, due to the limitation that pain in left or 
right side of the body was not distinguished in the survey.

Covariates
Various information on participants were collected as 
potential confounding factors [42, 43]. Demographical 
and social economic information including gender, age, 
education level (elementary school and below, secondary 
school, and college and above), body mass index (BMI), 
residential environment (urban, rural, urban–rural inter-
face), status of drinking (non-drinkers, occasional drink-
ers (less than once a month), and regular drinkers (more 
than once a month)), status of smoking (never smok-
ers, former smokers, and active smokers) were derived 
from CHARLS database. Pain information collected at 
the baseline was also used as a covariate since previous 
pain is very likely to be a risk factor of potential future 
pain. The missing data on BMI at baseline (19.22%) 
was also processed by using multiple imputation meth-
ods (20-repeat chained equations with predictive mean 
matching methods).

Statistical analysis
We conducted descriptive analyses of population char-
acteristics, socio-economic factors, and the prevalence 
of distinct types of pain by body parts initially. Univari-
ate analyses were used to investigate the associations 
between individual HM concentrations and specific 
types of body pain. Crude odds ratios (ORs), based on 
z-score standardized value of soil HMs concentrations, 
were calculated to make the effect of the overall pattern 
for HMs levels on different types of pain comparable. 
Subsequently, multivariable logistic regression analysis 
with adjustment for covariates was performed to further 
investigate the associations between identified HMs and 
different types of body pain. It is noteworthy that the 
HMs data were clustered by prefecture, but we did not 
use multilevel models because the intraclass correlation 
coefficient (ICC) was close to 0 (< 0.1), indicating that 
there was no significant variation between clusters, and 
therefore the grouping structure did not significantly 
explain the variability in the outcome. In addition, in 
cases where multiple HMs were associated with a sin-
gle type of body pain, these HMs were also treated as 
covariates in the multivariable logistic regression models, 
alongside socio-economic factors. The sensitivity analy-
sis was performed on individuals classified as ’complete 

cases’, indicating the absence of missing data on both 
exposures and covariates. All participants in this cohort 
provided information on pain in response to the health 
information section, ensuring the absence of missing data 
on the health outcome.

A p-value < 0.0001 (instead of 0.05), two tailed, was set 
as statistical significance to avoid false positives related to 
the problem of multiple testing (Bonferroni correction). 
All the statistical analyses were carried out in Stata ver-
sion 17. Result visualization was done in GraphPad Prism 
9.1 and Stata 17.

Results
This study included 13,178 individuals, 47.34% males 
with a mean age of 58  years (standard deviation (SD): 
9) and BMI 23.66 (SD 3.72) kg/m2 in 2011. 50.98% com-
pleted elementary or secondary school, with 78.14% 
residing in rural areas. A majority were non-drinkers 
(66.17%) and non-smokers (60.71%). Over 10% reported 
pain in various body parts or widespread pain (Table 1). 
Approximately one-third experienced pain in either their 
upper or lower segments. The prevalence of pain was 
32.81% in 2011 and had increased to 59.89% in 2018. 
Descriptive statistics for health measurements and socio-
demographics in 2018 were presented by the population 
with and without missing data on either HMs or covari-
ates (Supplementary Table 1).

The distribution of 8 soil HMs (As, Cd, Cr, Cu, Hg, Ni, 
Pb, Zn) across 125 prefectures in 28 provinces (or equiva-
lent) was shown in Fig. 2. The descriptive analyses on the 
content of these eight HMs in soil were shown in Sup-
plementary Table  2. The association of these HMs with 
various body pain was initially assessed using univariate 
analysis, with results presented in Supplementary Fig. 2. 
It was found that soil As was positively associated with 
shoulder pain, wrist pain, ankle pain, axial pain and wide-
spread pain. Significant associations were also observed 
between soil Cd and both axial and widespread pain. 
Conversely, soil Hg showed a negative association with 
back pain and axial pain. For the remaining HMs, no 
association was found with different types of body pain.

After adjustment for covariates, soil As remained posi-
tively associated with shoulder pain [adjusted odds ratio 
(99.99% CI), 1.49 (1.01, 2.19)], wrist pain 1.68 (1.06, 2.64) 
and ankle pain 1.58 (1.01, 2.50) per unit increase. This 
means that for each unit increase in soil As concentra-
tion, there is a 50% to 70% increase in the risk of experi-
encing pain in these areas (Table 2). Associations of As, 
Cd, and Hg with axial pain, and of As and Cd with wide-
spread pain, dissipated post-adjustment. Sensitivity anal-
ysis using multivariate logistic regression analysis with 
adjustment for covariates on complete cases (n = 6,173) 
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reaffirmed As’s significant link with multiple pain types 
(Supplementary Table 3).

Discussion
In this nationwide cohort study, we examined the asso-
ciation between eight common HMs in surface soils 
and body pain among the elderly. Consistent with pre-
vious studies [44, 45], pain prevalence in the elderly was 
high and notably increased from 2011 to 2018. The ris-
ing trend could pose significant economic burdens [15, 
16] due to medical healthcare expenditures for pain and 
wage substitutions and welfare programs for those unable 
to work due to pain [46]. Our findings link soil HM con-
centrations, particularly As, with various body pain, and 
this is the first time this association has been observed in 
China. High soil As levels were associated with increased 
odds of pain on shoulders, wrists and ankles even after 
adjusting for covariates.

Large-scale studies on soil HM distribution and pol-
lution are common, but few address their impacts on 
human health [10, 31]. The "One Health" concept sug-
gests a close link between human health and environ-
ment [47], wherein soil HMs affect soil health and local 
flora [48], thereby impacting humans [49]. Soil HMs can 
enter the human body through ingestion, inhalation, or 
dermal absorption, with studies finding associations 
between human body HMs levels and local soil [50]. In 
addition, previous environmental research has often 
relied on theoretical indicators, such as model-based 
estimates and proxy measurements [31], to assess health 
outcomes, rather than using measurements of local pop-
ulation size. Epidemiological studies of HMs and pain 
have been hampered by limited sample sizes and narrow 
scope [22, 29]. Our study addresses these gaps by estab-
lishing an association between soil HM concentrations 
and pain experience in the Chinese population, providing 
novel evidence from an environmental epidemiological 
perspective.

Previous research indicates that HMs can adversely 
affect human health through potential neurotoxicity and 
oxidative stress [51, 52], potentially associated with pain 
risks. In addition, the long-term HMs accumulation is 
particularly impactful in older adults due to extended 
exposure [53]. While studies have mainly focused on 

Table 1  Descriptive statistics of health measurements and 
socio-demographics on study population at baseline (2011)

Characteristics, n = 13,178 Number (%)/
Mean (Standard 
deviation)

Socio-demographics

  Gender, male % 6,239 (47.34)

  Age, years 58 (9)

  Body mass index, kg/m2 23.66 (3.72)

Socio-economics

  Educational level, %

  Elementary school below 5,911 (44.86)

  Elementary/secondary school 6,718 (50.98)

  College and above 535 (4.06)

  Unknown 14 (0.11)

Living region (rural/ urban areas)

  Urban 2,060 (15.63)

  Urban–rural interface 772 (5.86)

  Rural 10,297 (78.14)

  Unknown 49 (0.37)

Lifestyle behavior

  Drinking status, %

  Non-drinkers 8,720 (66.17)

  Occasional drinkers 1,064 (8.07)

  Regular drinkers 3,373 (25.60)

  Unknown 21 (0.16)

  Smoking status, %

  Never smokers 8,000 (60.71)

  Former smokers 985 (7.47)

  Active smokers 3,753 (28.48)

  Unknown 440 (3.34)

Body pain, yes, %

  Single site of pain by locations and organs

  Headache 1,801 (13.67)

  Shoulder pain 1,642 (12.46)

  Arm pain 1,314 (9.97)

  Wrist pain 852 (6.47)

  Finger pain 787 (5.97)

  Chest pain 798 (6.06)

  Stomachache 1,177 (8.93)

  Back pain 1,211 (9.19)

  Waist pain 2,608 (19.79)

  Buttock pain 499 (3.79)

  Legs pain 1,973 (14.97)

  Knees pain 1,763 (13.38)

  Ankles pain 772 (5.86)

  Toe pain 439 (3.33)

  Neck pain 896 (6.80)

Regional pain

  Upper segment pain 3,377 (25.63)

  Lower segment pain 2,865 (21.74)

  Axial pain 1,935 (14.68)

Table 1  (continued)

Characteristics, n = 13,178 Number (%)/
Mean (Standard 
deviation)

  Upper or lower segment pain 3,878 (29.43)

Multiple sites of pain

  Widespread pain 1,370 (10.40)



Page 6 of 10Qu et al. BMC Public Health         (2025) 25:1571 

Fig. 2  Concentrations of soil heavy metals (100 mg/kg) in observed prefectures
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Cd [18, 21–24], Pb [28–30] and Hg [25–27], the role of 
As in pain has been less explored. Our study, evaluating 
eight HMs and their association with different types of 
body pain, found significant links between higher soil As 
and increased pain risk, contributing to evidence of As’s 
role in pain development. Our initial finding on the asso-
ciation between soil As concentrations and risks of body 
pain highlights a previously unrecognized relationship 
that warrants further investigations.

Our finding of a positive association between As in soil 
and risk of pain in specific peripheral body regions, such 
as the wrists and ankles, aligns well with existing evi-
dence that chronic As exposure may induce peripheral 
neuropathy and related neurological damage. Previous 
research has suggested As exposure as a potent neuro-
toxin causing peripheral neuropathy, characterized by 
symptoms such as pain, numbness, and sensory distur-
bances [54, 55]. Arsenic exposure also induces oxidative 

stress and inflammatory responses, both well-established 
mechanisms underlying neuropathy and chronic pain 
[56, 57]. Recent studies of cellular biology have further 
demonstrated arsenic’s neurotoxic effects at the cellular 
level, including metabolic dysregulation and impaired 
neuronal function [54, 57]. These toxicological charac-
teristics of arsenic may serve as the explanation of our 
observed associations. Furthermore, animal studies have 
also demonstrated arsenic-induced skeletal muscle and 
peripheral nerve damage, which contributes to periph-
eral neuropathy and chronic pain symptoms [56]. The 
specific neurotoxic and inflammatory properties of As 
thus may predispose exposed individuals to neuropathic 
or musculoskeletal pain.

This study has several limitations. We observed signifi-
cant differences between the population who remained 
in the study and those who were lost to follow-up, par-
ticularly in terms of age, gender, BMI, level of education, 

Table 2  Association between soil heavy metals and body pain with adjustment for potential confounding factors

Variables in 
multivariate 
regression 
analysis

Shoulders pain Wrists pain Back pain Ankles pain Axial pain Widespread pain
Adjusted OR 
(99.99% CI)

Adjusted OR 
(99.99% CI)

Adjusted OR 
(99.99% CI)

Adjusted OR 
(99.99% CI)

Adjusted OR 
(99.99% CI)

Adjusted OR 
(99.99% CI)

As (100 mg/kg) 1.49 (1.01, 2.19) 1.68 (1.06, 2.64) - 1.58 (1.01, 2.50) 1.22 (0.78, 1.89) 1.38 (0.87, 2.21)

Cd (100 mg/kg) - - - - 62.31 (0.42, 
9091.89)

25.52 (0.12, 5279.90)

Hg (100 mg/kg) - - 0.66 (0.46, 1.0) - 0.77 (0.59, 1.01) -

Pain at baseline, yes 3.07 (2.48, 3.80) 3.55 (2.62, 4.80) 3.84 (3.0, 4.92) 3.81 (2.79, 5.20) 3.14 (2.574, 3.84) 4.03 (3.19, 5.10)

Gender, male % 1.94 (1.52, 2.48) 1.74 (1.28, 2.38) 2.03 (1.55, 2.67) 1.69 (1.24, 2.29) 1.94 (1.54, 2.45) 2.15 (1.66, 2.79)

Age, years 0.99 (0.98, 1.0) 0.98 (0.97, 1.0) 1.0 (0.99, 1.01) 1.01 (0.99, 1.02) 0.99 (0.98, 1.01) 1.0 (0.99, 1.01)

BMI 1.01 (0.98, 1.02) 0.98 (0.95, 1.01) 0.98 (0.96, 1.01) 1.01 (0.98, 1.04) 0.99 (0.97, 1.01) 0.99 (0.97, 1.02)

Educational level, % - - -

Elementary school 
below (referent)

1.0 1.0 1.0 1.0 1.0 1.0

Elementary/sec-
ondary school

0.91 (0.76, 1.09) 0.80 (0.64, 1.01) 0.83 (0.68, 1.01) 0.76 (0.61, 0.95) 0.84 (0.71, 1.01) 0.82 (0.68, 0.99)

College and above 0.73 (0.45, 1.20) 0.52 (0.25, 1.07) 0.71 (0.40, 1.24) 0.56 (0.28, 1.13) 0.80 (0.51, 1.25) 0.76 (0.45, 1.27)

Living area - - -

Urban (referent) 1.0 1.0 1.0 1.0 1.0 1.0

Urban–rural inter-
face

1.19 (0.81, 1.76) 1.19 (0.71, 1.99) 1.13 (0.73, 1.75) 1.17 (0.69, 1.97) 1.32 (0.91, 1.92) 1.32 (0.88, 1.99)

Rural 1.13 (0.89, 1.44) 1.19 (0.86, 1.64) 1.10 (0.84, 1.44) 1.32 (0.95, 1.82) 1.10 (0.87, 1.39) 1.15 (0.89, 1.49)

Drinking status, % - - -

Non-drinkers (refer-
ent)

1.0 1.0 1.0 1.0 1.0 1.0

Occasional drinkers 1.05 (0.77, 1.43) 0.95 (0.639, 1.41) 0.93 (0.65, 1.32) 1.07 (0.729, 1.57) 0.96 (0.71, 1.29) 1.06 (0.77, 1.47)

Regular drinkers 0.99 (0.79, 1.24) 0.97 (0.732, 1.29) 1.06 (0.83, 1.36) 0.94 (0.713, 1.25) 0.97 (0.79, 1.20) 0.96 (0.76, 1.22)

Smoking status, % - - -

Never smokers 
(referent)

1.0 1.0 1.0 1.0 1.0 -

Former smokers 1.30 (0.92, 1.84) 1.18 (0.75, 1.85) 1.19 (0.80, 1.77) 1.08 (0.69, 1.70) 1.38 (0.98, 1.93) 1.26 (0.86, 1.83)

Active smokers 1.09 (0.85, 1.40) 1.02 (0.74, 1.40) 1.11 (0.84, 1.46) 1.09 (0.80, 1.49) 1.10 (0.87, 1.40) 1.08 (0.83, 1.42)
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region of residence and smoking status (Supplementary 
Table 4). These differences may have biased our results. 
However, the prevalence of most types of body pain did 
not differ significantly between the groups, suggesting 
that pain-related outcomes may be less affected by dif-
ferences in loss to follow-up. We adjusted for important 
covariates in our multivariate analyses, which may help 
to mitigate the effects of these differences. Also, although 
the missing rate of HMs data was considered as low and 
was imputed by the chained equations method, it may 
still introduce certain selection bias. Moreover, our study 
assessed total HM concentrations in surface soil as an 
indicator of environmental exposure, a widely accepted 
approach in large-scale epidemiological research [58–
61]. However, we acknowledge that bioavailability plays 
a crucial role in determining the actual internal dose of 
HMs absorbed by human body, and is influenced by fac-
tors such as chemical compound, soil pH, organic mat-
ter content, and metal speciation, which can affect metal 
mobility and uptake [62–65]. An additional limitation of 
our study is that it only specifically targeted individuals 
aged 45 years and older.

Overall, our study presents several notable strengths. 
First, we employed a large cohort study design, which 
offers inherent advantages compared with ecological 
study. We constructed the cohort using a sample popula-
tion derived from the CHARLS, with participants inter-
viewed regarding their health conditions in 2011 and 
subsequently in 2018. These interviews captured infor-
mation on the prevalence and location of pain experi-
enced by participants, allowing for longitudinal analysis. 
A key aspect of our methodology involved adjusting for 
baseline health events in 2011 as an alternative to elimi-
nating these events, ensuring consistency in the num-
ber of participants in each sub-cohort (i.e., by different 
pain types). It is also worth noting that our cohort dem-
onstrated a relative stability in participants’ residences 
throughout the study, effectively mitigating potential 
biases due to migration. Secondly, our research harnessed 
the most recent geographical data spanning 28 provinces 
and 125 cities across China and aligned this information 
with health data of individuals to assess the impact of soil 
HM exposure on real-world population. To our knowl-
edge, this is the first nationwide study to investigate the 
relationship between multiple HMs in soil and the risk 
of pain in the elderly population across China. Our novel 
study highlights the need for increased attention to soil 
contents as a potentially important environmental deter-
minant of pain and underlying disorders. Furthermore, 
our study employed an extensive assessment of pain 
in varying body regions, simultaneously considering 
instances of widespread pain across multiple locations. 
This comprehensive approach facilitated our exploration 

of pain experiences on individuals influenced by differing 
soil HM exposures, yielding a nuanced understanding of 
this association.

Conclusion
The nationwide cohort study has provided new evi-
dence of an association between exposure to soil HMs, 
particularly As, and various pain. Based on comprehen-
sive national data and real-world population insights, 
these findings contribute to a better understanding of 
the adverse health effects associated with soil HMs. It 
is imperative to address these environmental hazards 
to reduce the health risks posed by HMs in soil and to 
improve the quality of life of affected populations. By 
prioritizing these efforts, policy makers, health practi-
tioners and researchers can work together to improve 
public health outcomes and protect communities from 
the adverse effects of environmental contaminants, 
thereby promoting a healthier future.
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