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ABSTRACT

Introduction: Lead toxicity has been a major
public health problem worldwide, yet no study
has investigated the association between lead
exposure and chronic pain.
Methods: We used data from three cycles of
National Health and Nutrition Examination
Survey (NHANES) with chronic pain status. We
conducted univariate and multivariate logistic
regression analyses to investigate the associa-
tion between chronic pain and blood lead level
(BLL). Subgroup analyses were performed to

explore which confounding factor modified the
association between chronic pain and BLL.
Results: A total of 13,485 participants were
included in our final analysis, out of which
1950 (14.46%) had chronic pain. In the fully
adjusted model, a 1 lg/dL increase of BLL was
associated with 3% higher risk of chronic pain.
The highest BLL quartile (BLL[ 2.40 lg/dL) was
associated with a 32% increase in the risk of
chronic pain compared with the lowest BLL
quartile (BLL\0.90 lg/dL). In the subgroup
analyses, hypertension (P for interac-
tion = 0.018) and arthritis (P for interac-
tion = 0.004) status modified the association
between BLL and chronic pain. Higher quartiles
of BLL were associated with a higher risk of
chronic pain only in individuals with hyper-
tension or arthritis but not those without these
conditions.
Conclusion: A higher BLL was associated with a
higher risk of chronic pain. Further research is
warranted to investigate whether a causal rela-
tionship exists between the two, as well as
potential underlying mechanisms.

Keywords: Chronic pain; Lead exposure; Blood
lead level; Heavy metal

Wanyu Wang and Xiaoyun Lu contributed equally.

W. Wang � X. Lu � Q. Li � D. Chen (&) �
W. Zeng (&)
Department of Anesthesiology, Sun Yat-sen
University Cancer Center, State Key Laboratory of
Oncology in South China, Collaborative Innovation
Center for Cancer Medicine, 510060 Guangzhou,
Guangdong, China
e-mail: chendt@sysucc.org.cn

W. Zeng
e-mail: zengwa@mail.sysu.edu.cn

Pain Ther (2023) 12:1195–1208

https://doi.org/10.1007/s40122-023-00535-9

http://orcid.org/0000-0002-6783-2245
http://crossmark.crossref.org/dialog/?doi=10.1007/s40122-023-00535-9&amp;domain=pdf
https://doi.org/10.1007/s40122-023-00535-9


Key Summary Points

Chronic pain has been a global health
priority.

Lead is an environmental toxin that
deleteriously affects multiple systems of
human bodies.

The relationship between chronic pain
and lead exposure has not been studied.

In the fully adjusted model, a 1 lg/dL
increase of blood lead level (BLL) was
associated with 3% higher risk of chronic
pain. The highest BLL quartile
(BLL[2.40 lg/dL) was associated with a
32% increase in the risk of chronic pain
compared with the lowest BLL quartile
(BLL\0.90 lg/dL). In the subgroup
analyses, higher quartiles of BLL were
associated with a higher risk of chronic
pain only in individuals with
hypertension or arthritis but not those
without these conditions.

A higher BLL was associated with a higher
risk of chronic pain.

INTRODUCTION

Chronic pain, defined as pain that persists or
recurs for longer than 3 months, has been a
global health priority and is affecting an esti-
mated 27.5% of people worldwide, though the
prevalence of chronic pain ranges between 9.9%
and 50.3% across countries [1]. Patients with
chronic pain often suffer from restricted activi-
ties, physical or functional disability, anxiety,
depression, and opioid addiction, which seri-
ously affects people’s quality of life [2, 3].
Treatment of chronic pain includes medication
therapy, surgical therapy, physical therapy, and
lifestyle therapy [4]. However, chronic pain
management remains a difficult problem. Con-
sidering its enormous global burden, scholars

have argued for the recognition of chronic pain
as a disease [4, 5].

Studies have found that many factors, such
as genetics, socioeconomic status, lifestyles
(smoking, alcohol intake, daily activity, and
nutrition status) and occupational characteris-
tics contribute to the development of chronic
pain [6–8]. Studying the risk factors for chronic
pain is necessary to further develop preventive
and management strategies.

Lead is a known environmental toxin that
deleteriously affects the nervous, cardiovascu-
lar, hematopoietic, skeletal, respiratory, and
immune systems [9]. Although effort has been
made to remove lead from paint, gasoline,
drinking water, etc., lead exposure persists in
our daily life [10]. In addition, lead toxicity has
been a major public health problem worldwide
[11]. Common sources of lead exposure are lead
in drinking water, food, tobacco smoke, dust,
soil, air, etc. [12]. Blood lead level (BLL) is the
gold standard test for lead exposure [13]. Higher
BLL was found to be associated with lower
cognitive function [14], lower kidney function
[15], higher blood pressure [16] and higher risk
of cardiovascular disease, osteoarthritis [17],
and cancer [18]. Although the US Centers for
Disease Control and Prevention (CDC) recently
updated the BLL reference value from 5 lg/dL to
3.5 lg/dL [19], there is evidence that lead exerts
its detrimental effects even at lower levels, and
there is no known safe BLL [20–23].

To the best of our knowledge, the relation-
ship between chronic pain and lead exposure
has not been studied. BLL measured in previous
National Health and Nutrition Examination
Survey (NHANES) programs has been the
cornerstone of lead exposure surveillance in the
USA. Accordingly, we sought to investigate the
relationship between BLL and chronic pain
using the 1999–2004 NHANES dataset.

METHODS

Data Source and Study Population

Data from the NHANES were used for this study.
The NHANES is a cross-sectional survey con-
ducted by the National Center for Health
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Statistics (NCHS) to assess the health and
nutritional status of the US population. The
survey provides nationally representative data
by conducting a series of interviews (demo-
graphic, socioeconomic, dietary, and health-re-
lated questions) and physical examinations
(medical, dental, and physiological measure-
ments, as well as laboratory tests) in 2-year
cycles. Since the primary outcome (chronic
pain) in our study is only available in three
consecutive cycles (1999–2000, 2001–2002, and
2003–2004), we limited our analysis to adults
aged 20 years or older from 1999 to 2004 data-
sets who completed the Miscellaneous Pain
Questionnaire with the lead level in whole
blood measured.

Ethical Statements

The NCHS Research Ethics Review Committee
reviewed and approved the NHANES study
protocol, and the NHANES data are publicly
available and can be downloaded on the
NHANES website (https://wwwn.cdc.gov/nchs/
nhanes/) by survey cycle.

Chronic Pain Assessment

In this study, chronic pain was assessed on the
basis of the value of variable MPQ100 (had a
problem with pain that lasted more than 24 h
during the past month) and variable MPQ110
(the duration of the pain). According to the
11th version of the International Classification
of Diseases (ICD-11), chronic pain was defined
as persistent or recurrent pain lasting longer
than 3 months[24]. On the basis of this crite-
rion, participants who reported no pain prob-
lem during the past month (MPQ100 = 2) and
those who had pain problems less than
3 months (MPQ100 = 1, MPQ110 = 1 or 2) were
categorized as the no chronic pain group (con-
trol group). Participants with pain problems for
3 months or more (MPQ100 = 1, MPQ110 = 3
or 4) were classified as the chronic pain group.

Determination of Lead in Blood

Blood specimens were processed, stored, and
shipped to the Division of Environmental
Health Laboratory Sciences, National Center for
Environmental Health, CDC for analysis. BLL
was measured using atomic absorption spec-
troscopy in NHANES 1999–2002 and induc-
tively coupled plasma mass spectrometry in
NHANES 2003–2004. The NHANES quality
assurance and quality control protocols met the
1988 Clinical Laboratory Improvement Act
mandates. Detailed specimen collection and
processing instructions were discussed in the
NHANES Laboratory/Medical Technologists
Procedures Manual (LPM).

Other Variables

On the basis of literature review and our clinical
experience, we considered the following vari-
ables as potential confounders of the relation-
ship between the BLL and chronic pain: gender
(male and female), age, race (non-Hispanic
white, non-Hispanic Black, Mexican American,
or others), marital status (married or living with
others, others), education level (less than high
school, high school or equivalent, and college
or above), poverty–income ratio (PIR:\ 1, 1–3
and C 3), body mass index (BMI), daily physical
activity, smoking (had at least 100 cigarettes in
a lifetime or not), alcohol consumption (in the
past 12 months, on those days that participants
drank alcoholic beverages, the amount of drinks
they had on the average), and health conditions
(hypertension, diabetes, coronary heart disease,
arthritis, osteoporosis, and cancer or malig-
nancy). Age, BMI, and alcohol consumption
were adjusted as continuous variables. The self-
reported daily physical activity contained four
categories: mainly sit (sitting most of the day),
walk around (walking around but no lifting or
carrying), light load (lifting light loads and
climbing stairs or hills), or heavy load (heavy
work and carrying heavy loads).
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Statistical Analysis

We described the baseline characteristics of the
overall sample, the control group, and the
chronic pain group. Continuous variables were
presented as mean and standard deviation (SD),
while categorical variables were presented as
frequency and percentage. Differences between
the control and chronic pain group were
examined using the Student’s t-test for contin-
uous variables and the chi-squared test for cat-
egorical variables. The univariate and
multivariate logistic regression models were
used to investigate the associations between
BLL (both continuous and quartiles) and
chronic pain (present or not). Subgroup analy-
ses were performed to investigate whether the
association between the BLL and chronic pain
was modified by confounding factors. The P for
interaction was further calculated using the log-
likelihood ratio test comparing models with
and without the interaction of confounders.
The statistical analyses were conducted using R

3.6.1 software (R Foundation for Statistical
Computing, Vienna, Austria; http://www.r-
project.org/) and EmpowerStats (X&Y Solu-
tions, Boston, MA; http://www.empowerstats.
com/). A two-sided P\0.05 was considered
statistically significant.

RESULTS

Baseline Characteristics

Of the 31,126 participants in NHANES
1999–2004 dataset, 13,485 participants who
answered questions regarding chronic pain
(MPQ100 and MPQ110) were included in our
analyses (Fig. 1). Among included individuals,
1950 (14.46%) had chronic pain (Table 1). Par-
ticipants with chronic pain are more likely to be
older (P\0.001), female (P\0.001), white
(P\0.001), smokers (P\0.001), more physi-
cally inactive (P\0.001), have lower education
level (P = 0.016), have a higher BMI (P\0.001),

Fig. 1 Flow chart of participant selection
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Table 1 Participant characteristics in NHANES 1999–2004

Characteristics Total
(N = 13,485)

Control
(N = 11,535)

Chronic pain
(N = 1950)

P-value

Age 49.38 ± 19.34 52.45 ± 17.15 < 0.001

Gender < 0.001

Male 6401 5561 (48.2%) 840 (43.1%)

Female 7084 5974 (51.8%) 1110 (56.9%)

Race < 0.001

Non-Hispanic white 6867 5703 (49.4%) 1164 (59.7%)

Non-Hispanic Black 2560 2201 (19.1%) 359 (18.4%)

Mexican American 3060 2749 (23.8%) 311 (15.9%)

Others 998 882 (7.6%) 116 (5.9%)

Marital status 0.998

Married or living with others 8094 6920 (62.1%) 1174 (62.1%)

Others 4930 4215 (37.9%) 715 (37.9%)

Education level 0.016

Less than high school 4377 3738 (32.5%) 639 (32.8%)

High school or equivalent 3189 2683 (23.3%) 506 (26.0%)

College or above 5890 5086 (44.2%) 804 (41.3%)

PIR < 0.001

\ 1 2283 1881 (17.9%) 402 (22.2%)

1–3 5276 4501 (42.7%) 775 (42.9%)

[ 3 4785 4154 (39.4%) 631 (34.9%)

BMI 28.12 ± 6.06 29.59 ± 7.00 < 0.001

Daily physical activity < 0.001

Mainly sit 3453 2817 (24.4%) 636 (32.7%)

Walk around 7090 6173 (53.6%) 917 (47.1%)

Light load 2044 1765 (15.3%) 279 (14.3%)

Heavy load 883 769 (6.7%) 114 (5.9%)

Smoking < 0.001

Less than 100 cigarettes in a lifetime 6930 6138 (53.3%) 792 (40.6%)

At least 100 cigarettes in a lifetime 6539 5382 (46.7%) 1157 (59.4%)

Alcoholic drinks/day in past
12 months

2.83 ± 2.80 2.72 ± 2.56 0.205

Hypertension < 0.001
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have a lower PIR (P\0.001), and have comor-
bidities including hypertension, diabetes, coro-
nary heart disease, arthritis, osteoporosis, and
cancer (P\0.001 for all comorbidities).

BLL and Chronic Pain

The median value of BLL among all participants
was 1.70 (0.70 [median of Q1] - 3.40 [median
of Q4]) lg/dL. The prevalence of chronic pain in
BLL quartiles was 12.23% (Q1), 15.11% (Q2),
14.51% (Q3), and 15.25% (Q4), respectively
(Table 2).

As a continuous variable, the BLL was posi-
tively associated with the risk of chronic pain in

the unadjusted model (OR 1.02, 95%
CI 1.00–1.04, P = 0.029) and three adjusted
models (Model 1: OR 1.03, 95% CI 1.01—1.05,
P = 0.006; Model 2: OR 1.03, 95% CI 1.00–1.05,
P = 0.025; and Model 3: OR 1.03, 95%
CI 1.00–1.07, P = 0.036).

To reduce the effect of extreme values on the
analyses, we also calculated the OR for the risk
of chronic pain in each BLL quartile using the
lowest quartile (Q1) as the reference group. We
found that, compared with individuals in the
lowest BLL quartile, those in the highest quar-
tile had 29% higher chronic pain risk in the
unadjusted model (OR 1.29, 95% CI 1.12–1.49,
P = 0.001). Such a difference remained

Table 1 continued

Characteristics Total
(N = 13,485)

Control
(N = 11,535)

Chronic pain
(N = 1950)

P-value

No 9099 7962 (69.8%) 1137 (58.6%)

Yes 4246 3442 (30.2%) 804 (41.4%)

Diabetes < 0.001

No 11,967 10,323 (89.5%) 1644 (84.4%)

Yes 1514 1209 (10.5%) 305 (15.6%)

Coronary heart disease < 0.001

No 12,814 11,034 (96.2%) 1780 (91.9%)

Yes 596 440 (3.8%) 156 (8.1%)

Characteristics Total (N = 13,485) Control (N = 11,535) Chronic pain (N = 1950) P-value

Arthritis < 0.001

No 10,018 9060 (78.6%) 958 (49.4%)

Yes 3446 2463 (21.4%) 983 (50.6%)

Osteoporosis < 0.001

No 12,712 10,988 (95.5%) 1724 (88.9%)

Yes 736 521 (4.5%) 215 (11.1%)

Cancer or malignancy < 0.001

No 12,324 10,614 (92.1%) 1710 (88.0%)

Yes 1142 909 (7.9%) 233 (12.0%)

Data are presented as n (%) or mean ± SD. Bold text indicates a statistically significant difference with a P-value\ 0.05
PIR poverty income ratio, BMI body mass index
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significant in all the adjusted models (Model 1:
OR 1.35, 95% CI 1.14–1.60, P = 0.001; Model 2:
OR 1.44, 95% CI 1.20–1.74, P\ 0.001; and
Model 3: OR 1.32, 95% CI 1.01, 1.72, P = 0.043)
(Table 3).

Subgroup Analyses

In the subgroup analyses, the association
between the BLL and chronic pain risk was
modified by hypertension status (P for interac-
tion = 0.018) and arthritis status (P for

interaction = 0.004). Among participants with
hypertension, the BLL Q2, Q3, and Q4 were
associated with higher risk of chronic pain
compared with the BLL Q1 (Q2 versus Q1,
OR 2.33, 95% CI 1.41–3.85, P\ 0.001; Q3 ver-
sus Q1, OR 1.99, 95% CI 1.21–3.26, P = 0.007;
Q4 versus Q1, OR 1.94, 95% CI 1.14–3.30,
P = 0.014). Among participants with arthritis,
the BLL Q3 and Q4 were associated with a
higher risk of chronic pain compared with the
BLL Q1 (Q3 versus Q1, OR 2.25, 95%

Table 2 Individuals with/without chronic pain by blood lead level (BLL) quartiles

BLL quartiles (lg/dL) Individuals, no. (%)

Quartiles Range Median Total sample Control Chronic pain

1 0.20–0.90 0.70 2452 2152 (87.77%) 300 (12.23%)

2 1.00–1.40 1.20 2839 2410 (84.89%) 429 (15.11%)

3 1.50–2.30 1.80 3852 3293 (85.49%) 559 (14.51%)

4 2.40–54.00 3.40 4342 3680 (84.75%) 662 (15.25%)

Total 0.20–54.00 1.70 13,485 11,535 1950

BLL blood lead level

Table 3 Relationship between blood lead level (BLL) and chronic pain in the unadjusted and adjusted logistic regression
models

Unadjusted modela

OR (95% CI) P
Adjusted model 1
OR (95% CI) P

Adjusted model 2
OR (95% CI) P

Adjusted model 3
OR (95% CI) P

BLL (continuous) 1.02 (1.00, 1.04) 0.029 1.03 (1.01, 1.05) 0.006 1.03 (1.00, 1.05) 0.025 1.03 (1.00, 1.07) 0.036

BLL (quartile)

Q1(0.20–0.90) Reference Reference Reference Reference

Q2(1.00–1.40) 1.28 (1.09, 1.50) 0.003 1.28 (1.09, 1.51) 0.003 1.36 (1.14, 1.62) 0.001 1.19 (0.94, 1.52) 0.149

Q3(1.50–2.30) 1.22 (1.05, 1.41) 0.010 1.23 (1.05, 1.45) 0.012 1.33 (1.11, 1.58) 0.002 1.18 (0.93, 1.50) 0.184

Q4(2.40–54.00) 1.29 (1.12, 1.49) 0.001 1.35 (1.14, 1.60) 0.001 1.44 (1.20, 1.74)\ 0.001 1.32 (1.01, 1.72) 0.043

BLL blood lead level. Bold text indicates a statistically significant difference with a P-value\ 0.05
Adjusted model 1: adjusted for age, gender, race
Adjusted model 2: adjusted for age, gender, race, education level, marital status, PIR, average level of physical activity each
day, BMI
Adjusted model 3: adjusted for age, gender, race, education level, marital status, PIR, average level of physical activity each
day, BMI, average alcoholic drinks per day in past 12 months, smoking, hypertension, diabetes, coronary heart disease,
arthritis, osteoporosis, cancer or malignancy
aThe unadjusted model indicates no adjustment for other covariates
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CI 1.39–3.62, P = 0.001; Q4 versus Q1, OR 2.35,
95% CI 1.41–3.92, P = 0.001) (Table 4).

DISCUSSION

This study found that BLL is positively corre-
lated with the risk of chronic pain. A 1 lg/dL
increase in the BLL is associated with 3% higher
risk of chronic pain. Individuals in the highest
BLL quartile had a 32% higher risk of chronic
pain than those in the lowest. Furthermore,
subgroup analyses showed that a stronger cor-
relation between BLL and chronic pain was
observed among those with hypertension or
arthritis.

The CDC estimated that 20.4% of US adults
had chronic pain in 2016 [3]. In this study, we
found that 14.5% of the US population had self-
reported chronic pain during 1999–2004, sug-
gesting there might be an increase in the
prevalence of chronic pain during the past two
decades. Chronic pain affects people’s normal
life and reduces quality of life [3]. Patients with
chronic pain may require opioids, which expo-
ses many people to misuse, abuse, and addic-
tion to opioids and causes adverse events
including respiratory suppression, constipation,
and cognitive impairment, and even leads to
increased morbidity and mortality [25, 26].

Chronic pain can be caused by nociceptive
(from tissue injuries), neuropathic (from nerve
injuries), or nociplastic (from a sensitized ner-
vous system) stimuli. In addition, chronic pain
can be triggered by one or more of the causes
mentioned above [4]. Chronic exposure to
heavy metals is a well-known cause of central
and peripheral neuropathy. Lead toxicity pri-
marily affects the nervous system compared
with the other organ systems in the human
body [27–29]. The traditional neuropathy asso-
ciated with lead poisoning has mainly been the
motor neuropathy with a demyelinating pat-
tern [27, 28], and literature has indicated the
possibility of mild sensory and autonomic fiber
dysfunction [30–33]. Our study revealed a pos-
itive correlation between BLL and chronic pain,
suggesting that lead exposure may exert an
effect on chronic pain, possibly by acting
directly on peripheral nerves [27, 34] or by

causing other health conditions that conse-
quently lead to chronic pain, such as various
types of cancer (lung cancer [35], kidney cancer
[36], etc.) and chronic kidney disease (CKD)
[37].

In our subgroup analyses, we found that
participants who suffered from hypertension
might be more vulnerable to the negative effect
of BLL on chronic pain. A possible explanation
for this is that increased stimulation of barore-
ceptors in hypertension patients impaired the
descending inhibitory pathways of pain, thus
increasing pain sensitivity [38]. Pain sensitivity
is also enhanced in patients with arthritis, pos-
sibly due to increased systemic inflammation
[39–41]. Therefore, a moderate-to-high BLL
(Q3–Q4) was associated with a higher risk of
chronic pain compared with a very low BLL
(Q1) in participants with arthritis but not those
without arthritis.

Recently, CDC updated the BLL reference
value from 5 lg/dL to 3.5 lg/dL [19]. However,
we found that compared with the lowest BLL
quartile (BLL\ 0.90 lg/dL), the highest BLL
quartile (BLL[ 2.40 lg/dL) was associated with
a 32% increase in the risk of chronic pain in the
fully adjusted model, indicating that to prevent
chronic pain, the lower BLL the better, even
below the CDC’s BLL reference value.

The positive correlation between BLL and
chronic pain implies the need to reduce lead
exposure to ameliorate the impact of chronic
pain on the economy and health. For those
with hypertension or arthritis, BLL could be one
of their health indicators. A high BLL should be
taken into consideration by practitioners when
providing health education or giving medical
advice since they might be more vulnerable to
the negative effect of lead exposure on chronic
pain.

This is the first study to investigate the rela-
tionship between chronic pain and BLL. We
used a large sample size of 13,485 participants
in total. We conducted both unadjusted and
adjusted regressions to confirm the robustness
of the positive correlation between BLL and
incidence of chronic pain. In addition, we per-
formed subgroup analyses to explore popula-
tions more susceptible to the negative effect of
lead exposure on chronic pain.
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This study has several limitations. Firstly,
self-reported chronic pain was not thoroughly
evaluated in the NHANES. Secondly, this cross-
sectional study could not determine a causal
relationship between lead exposure and chronic
pain. Thirdly, the NHANES discontinued asking
about chronic pain in 2004. Therefore, a
prospective study of a more recent population is
warranted to confirm our findings.

CONCLUSION

A higher BLL was associated with a higher risk
of chronic pain. Further research is warranted to
investigate whether a causal relationship exists
between the two as well as potential underlying
mechanisms.
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