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Background: Previous studies have explored the relationship between serum lead levels and the risk of female breast cancer
(FBC). However, it is still uncertain whether urinary lead levels are associated with FBC. This study aimed to investigate the
potential association between urinary lead and FBC.
Methods: A cross-sectional case-control study was conducted using the National Health and Nutrition Examination Survey
(NHANES), which is a series of cross-sectional, nationally representative surveys of the United States population consisting of 10
survey waves from 1999 to 2018. This study analyzed a total of 2795 female participants (≥20 years), consisting of 210 partic-
ipants with FBC and 2585 healthy controls. Urinary lead was detected using Inductively Coupled Plasma-Mass Spectrometry,
which was divided into four levels by using quartiles-defining cut points. Multivariate logistic regression was used to analyze the
association between urinary lead and FBC.
Results: Multivariate logistic regression revealed that urinary lead was positively correlated with FBC (Odds ratio [OR], 2.16;
95% confidence interval [CI]: [1.18, 3.95], p < 0.05) in a fully adjusted model. There were significantly increased ORs of FBC
in quartile 4 (Q4) and quartile 3 (Q3), compared with the lowest quartile 1 (Q1) (Q4, OR = 1.48, 95% CI [0.89, 2.48]; Q3: OR
= 1.01, 95% CI [0.59, 1.73], p for trend = 0.021). No significant interaction effects were observed between urinary lead levels
and FBC between the subgroups (age, race, educational status, body mass index (BMI), marital status, family income to poverty
ratio, hypertension status, diabetes status, renal function status, smoking history, ever been pregnant, oral contraceptive use,
occupation classification, etc.) (All interaction p-value > 0.05).
Conclusions: Urinary lead is likely positively associated with FBC in the US population.

Keywords: female breast cancer (FBC); lead exposure; urinary biomarkers; cross-sectional study; NHANES

Introduction

Lead is a toxic environmental metal that comes from
a variety of sources, including paint, industrial emissions,
e-waste, herbal products, traditional medicines, water, soil,
and air [1]. While Western countries have achieved con-
siderable improvement in environmental lead contamina-
tion through strict control strategies, it remains a problem
in city centers and several developing countries [2]. Hu-
mans are mainly exposed to lead through ingestion of con-
taminated food, water, and utensils, as well as inhalation of
lead-contaminated polluted air dust and aerosols [3,4]. Ev-
idence shows that 99% of lead intake is via ingestion, while
inhalation contributes only 1% of lead intake [5]. Ingestion
of lead-contaminated food is a considerable threat to hu-
mans, and currently, control over lead contamination from
diverse sources in global food is still not ideal [6]. There-

fore, understanding lead exposure in the human body is im-
perative.

Lead exposure can cause pathological alterations in
most tissues and organs throughout the body in humans
[7,8], which can influence neurological development in
children and cause damage to the reproductive system,
and hematologic system, while also inducing cardiovas-
cular diseases, diabetes, and tumorigenesis [4]. Lead has
the features of metalloestrogens, which may have possible
endocrine-disrupting effects or suspected carcinogens [9].
It could mimic the “estrogen-like effects” and activate es-
trogen receptor α, inducing the proliferation of estrogen-
dependent breast cancer cells, and increasing the expression
of estrogen-regulated genes [9,10]. Lead may promote can-
cer formation, especially which can significantly increase
the risk of progressing to hormone-dependent breast can-
cer [11]. A case-control report indicated the expression of
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lead in breast cancer tissues was higher than that in nor-
mal breast tissues, which increased the risk of breast cancer
[12]. Heavy metals (including lead) exposure can disturb
human metabolomics, contributing to morbidity and even
mortality [6].

Epidemiological data suggest that lead concentrations
in the human body depend on age, place of residence,
and lifestyle [13]. Most humans are exposed to low-to-
moderate levels of environmental lead, as previous studies
have shown that blood lead concentrations signify recent
exposure, while increased urinary lead concentrationmeans
long-term chronic exposure. When the blood lead concen-
tration reaches critical levels or renal-tubular damage, it can
lead to long-term chronic exposure. For that reason, explor-
ing the relationship between urinary lead and breast cancer
has become important [14,15]. However, studies on the as-
sociation between urinary lead and breast cancer have been
sparse and inconsistent in the past years [16,17]. In this
current study, a cross-sectional case-control design was im-
plemented to discuss the independent association between
urinary lead and female breast cancer (FBC).

Materials and Methods

Study Design and Participants
This cross-sectional case-control study included data

on female participants (≥20 years of age) during the 10
cycles of National Health and Nutrition Examination Sur-
vey (NHANES) from 1999–2018. NHANES is a nation-
ally representative, cross-sectional study performed since
1999 by the National Center for Health Statistics (NCHS)
of the Centers for Disease Control and Prevention. This
study aims to assess information on the health and nutri-
tional status of the noninstitutionalized civilian population
in the United States.

Urinary Lead Measurement
All urine specimens collected from participants were

processed, stored, and shipped to the Division of Environ-
mental Health Laboratory Sciences, National Center for En-
vironmental Health, Centers for Disease Control and Pre-
vention for analysis. The lead concentrations in urine spec-
imens were measured using Inductively Coupled Plasma-
Mass Spectrometry (ICP-MS). The laboratory results meet
the Division of Laboratory Science’s quality control and
quality assurance performance criteria for accuracy and pre-
cision, which are similar to the Westgard rules.

Diagnosis and Assessment of Breast Cancer
In this study, self-reported diagnoses of cancer status

were obtained using medical conditions questionnaires. All
participants were asked if they had ever been told by a doc-
tor or other health professional that they had cancer or a
malignancy of any kind. Those who replied “No cancer”
were categorized as control participants, while those who

replied “Yes” were asked what kind of cancer it was. Those
who replied “breast cancer” were coded as the breast cancer
group.

Covariates
We considered age, body mass index (BMI, kg/m2),

race/ethnicity, marital status, educational status, poverty
status, hypertension status, renal function status, phys-
ical activity, reproductive health conditions (including
age at menarche, being pregnant, oral contraceptive use,
ever use female hormones), smoking history and occupa-
tion classification as major potential confounding factors.
Race/ethnicity was divided into the following categories:
Mexican American, Other Hispanic, Non-Hispanic White,
Non-Hispanic Black, Other Race - Including Multi-Racial.
Marital status was categorized as either sexual partner or
asexual partner. The ratio of family income to poverty was
categorized as being less than 1 and equal to or greater than
1. Hypertension status was categorized as having or not
having hypertension. The renal function was categorized as
either weak or failing kidneys, or healthy kidneys. Diabetes
status was divided into three categories: no diabetes, hav-
ing diabetes, and prediabetes. Physical activity was clas-
sified as either moderate/vigorous recreational activities or
none. Smoking history was categorized as having smoked
at least 100 cigarettes in life and never having smoked. The
occupation of included participants was classified into pri-
vate wage, government-employed, self-employed, and oth-
ers. Lastly, the model also took into account reproductive
health conditions, including age at menarche (<12 years or
≥12 years), ever been pregnant (no or yes), oral contracep-
tive use (no or yes), and female hormones (no or yes).

Statistical Analyses
Continuous variables were expressed as means ±

standard deviation (SD) or medians with ranges, and cat-
egorical variables were expressed as percentages. The
Kolmogorov–Smirnov test was used to verify whether the
data conformed to a normal distribution. The t-test (for nor-
mal distribution) or Welch Two Sample t-test (for skewed
distribution) was used for continuous variables, and the χ2

test (or Fisher’s exact test) for categorical variables to eval-
uate the baseline differences. Moreover, the univariable re-
gression model was used to assess the association between
baseline characteristics and FBC, and the multivariable re-
gressionmodel was further conducted to assess the indepen-
dent effect of urinary lead on FBC. A stratified analysis in
different subgroups was conducted using logistic regression
models. Interaction tests were used to determine the differ-
ence among different stratifications in the subgroups, with
results displayed as Odds ratios (ORs) in a Forest plot. ORs
(95% confidence interval (CI)) were used to assess the asso-
ciation between urinary lead and FBC in the unadjusted and
adjusted models using logistic regression. All statistical
analyses were performed using Empower software version

https://www.discovmed.com/


1179

2.0 (https://www.empowerstats.com; X&Y Solutions, Inc.,
Boston, MA, USA) and R version 3.4.3 (http://www.R-pro
ject.org, R Foundation for Statistical Computing, Vienna,
Austria). p values less than 0.05 were considered statisti-
cally significant.

Patient and Public Involvement
We utilized publicly available data from the NHANES

collected by the NCHS for our study. No patient was in-
volved in the design of our study. We clearly stated that
urine sample data and medical conditions questionnaires
were part of the NHANES survey.

Results

Baseline Characteristics
In this study, a total of 2795 participants were in-

cluded, consisting of 210 FBC participants and 2585 nor-
mal controls. Participants without urinary lead data were
excluded from the study. A schematic diagram illustrat-
ing the inclusion of the participants is presented in Fig. 1.
This flowchart was created using draw.io software ver-
sion 22.0.3 (https://app.diagrams.net; Open Access soft-
ware, The United Kingdom). The baseline characteristics
of study participants are presented in Table 1, which ex-
hibits different demographic characteristics. The urinary
lead levels in the FBC population were higher than those of
normal controls. FBC participants were more likely to be
older (average age: 65.71± 12.63 vs 49.95± 17.67), Non-
Hispanic White, have lower levels of affluence, and higher
education (high education: 80.00% vs 71.49%), without
a sexual partner, compared to female participants without
breast cancer (BC). FBC participants were also more likely
to have hypertension, diabetes, ever use female hormones,
or have a smoking history. However, there were no sig-
nificant differences in the distribution between participants
with and without BC regarding BMI, renal function status,
physical activity, and age at menarche, ever been pregnant,
oral contraceptive use, and occupation classification.

Distribution of Urinary Lead Levels in the Overall
Included Population and Different Subgroups

As can be seen from Table 2, the urinary lead levels
increased progressively with age and BMI. Non-Hispanic
Black and Mexican Americans had higher urinary lead lev-
els than Non-Hispanic White, while other Race - Includ-
ing Multi-Racial group had lower urinary lead levels than
Non-HispanicWhite. There were no significant differences
between other Hispanic and non-Hispanic White. No sig-
nificant change in urinary lead levels was found when con-
sidering the status of marital, hypertension, diabetes, renal
function, physical activity, and occupation classification.
However, urinary lead levels were higher in the popula-
tion with a smoking history than those of non-smokers in
the past years. When taking reproductive health conditions

into account, the population with oral contraceptive use had
lower urinary lead levels. Higher urinary lead levels were
observed in the group who had been pregnant. No signif-
icant differences in urinary lead levels were found in dif-
ferent ages of menarche or with a different history of using
female hormones.

Univariate Regression Analysis Risk Factors
Associated With FBC

Table 3 presents a univariate binary logistic regression
analysis to assess the association between baseline charac-
teristics and FBC. The results disclosed that urinary lead
levels showed a significant association with FBC. Those
participants with older age, non-Hispanic White, higher ed-
ucation level, without a sexual partner, hypertension, dia-
betes history, using female hormones history, and smoking
had a higher association with FBC. In contrast, family in-
come to poverty ratio, renal function, physical activities,
pregnancy history, oral contraceptive use, age at menarche,
and occupation classification did not influence the associa-
tion between urinary lead and FBC.

Independent Association between Urinary Lead and
FBC by Multiple Linear Regression Equation

A multiple regression model was used to investigate
the independent effects of urinary lead on FBC. The ana-
lyzed data, with and without adjustment, are shown in Ta-
ble 4. Urinary lead level is a continuous variable, but it can
also be regarded as a categorical variable. When consid-
ered as a continuous variable, increasing urinary lead levels
were positively linked with FBC in the unadjusted model
(OR = 2.22, 95% confidence interval (CI): 1.36–3.64, p <

0.001). In the adjustment model, which included age at the
interview, educational status, race/ethnicity, marital status,
hypertension status, diabetes status, oral contraceptive use,
smoking history, BMI, and use of female hormone etc., the
results of logistic regression did not alter significantly (OR
= 2.16, 95% CI: 1.18–3.95, p < 0.05). The same trends
were observed when urinary lead was recognized as a cat-
egorical variable (quartiles). In the unadjusted model, the
OR of breast cancer in quartile 4 (≥0.60 µg/L group) was
1.55 (95% CI: 1.02–2.36) compared with that in quartile
1 (<0.19 µg/L group) (p for trend <0.01). Likewise, in
the fully adjusted model, participants in quartile 4 showed
a higher association compared to those in quartile 1 (p for
trend = 0.021).

Subgroup Analysis Stratified by Covariates of
Clinical Importance

The correlation between urinary lead and FBC was
analyzed by stratification using various covariates, includ-
ing age, race/ethnicity, BMI, education status, marital sta-
tus, family income to poverty ratio, hypertension status, di-
abetes status, renal function status, pregnant history, oral
contraceptive use, smoking history, and occupation classi-
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Fig. 1. A schematic diagram illustrating the inclusion of the participants. NHANES, National Health and Nutrition Examination
Survey.

fication. We did not find a significant effect modification
on the association between urinary lead and FBC by vari-
ous subgroups (p-interaction > 0.05) except for age in the
menarche subgroup (p-interaction = 0.014). This suggests
that differences in age at menarche may influence our as-
sessment of the association between urinary lead levels and
FBC (Fig. 2).

Discussion

BC is a multistep process, and its pathogenesis has not
been fully understood [18]. However, increasing evidence
suggests that there is a strong link between the levels of
serum and urinary lead and BC [17,19]. Our study firstly
revealed the positive significant correlation between uri-
nary lead and FBC, after adjusting for potential confounders
among US women enrolled from NHANES 1999–2018.

The International Agency for Research on Cancer has
classified lead as a carcinogen to humans (Group 2A) [20].

Although lead was previously considered a metalloestro-
gen that can activate the estrogen receptor in the absence
of estradiol, this does not mean that lead has different ex-
pressions in different subtypes of breast cancer. Jacob K.
[21] reported that lead was not associated with great odds
ratios of ER/PR-negative breast cancer patients. However,
evidence from SEER research indicated that lead emissions
could be associated with triple-negative breast cancer, ER-
positive, and PR-negative breast cancer. These conclusions
are not consistent [22]. It has not been reported whether
serological or urinary lead is related to breast cancer sub-
types. These new topics are worth exploring in the future.

Exposure to lead may increase the risk of developing
BC [23]. Previous studies have rarely reported the corre-
lation between urinary lead and FBC, and the conclusions
have not been consistent. In a case-control study, Jane A.
McElroy et al. [16] reported that urinary lead exposure was
not associated with a significantly increased risk for BC.
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Fig. 2. Interaction effect of urinary lead on female breast cancer (FBC) in different subgroups after adjusting for confounders.
Adjusting for age at interview, body mass index (BMI), race/ethnicity, marital status, education, family income to poverty ratio, hy-
pertension status, diabetes status, kidney function status, physical activity, age at menarche, ever been pregnant, oral contraceptive use,
ever use female hormones, smoking history and occupation classification except the subgroup variable. OR, Odds ratio; CI, confidence
interval.

However, a strong association of urinary lead with breast
cancer was observed, which was identified as a potential
BC biomarker [17]. The distinct findings on the correlation

between urinary lead and BC from the two studies are prob-
ably due to differences in study design, geographic regions,
race/ethnicity, and control for confounding factors.
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Table 1. Characteristics among female population ≥20 years of age from NHANES 1999–2018 (n = 2795).

Characteristics
Without breast cancer

(n = 2585)
With breast cancer

(n = 210)
t/W value χ2 value p-value

Age at interview 49.95 ± 17.67 65.71 ± 12.63 –12.666 - <0.001
BMI (kg/m2) 30.22 ± 7.78 29.18 ± 6.71 1.831 - 0.067
Lead 0.37 (0.02–1.70) 0.48 (0.05–1.69) –2.521 - 0.012
Race/Ethnicity - 70.403 <0.001

Mexican American 525 (20.31%) 26 (12.38%)
Other Hispanic 249 (9.63%) 15 (7.14%)
Non-Hispanic White 841 (32.53%) 127 (60.48%)
Non-Hispanic Black 628 (24.29%) 34 (16.19%)
Other Race - Including Multi-Racial 342 (13.23%) 8 (3.81%)

Marital status - 59.316 <0.001
Asexual 1094 (42.32%) 114 (54.29%)
Sexual partner 1491 (57.68%) 96 (45.71%)

Education - 13.892 0.008
<High school 737 (28.51%) 42 (20.00%)
≥High school 1848 (71.49%) 168 (80.00%)

Family income to poverty ratio - 212.989 <0.001
Below poverty (<1) 611 (23.64%) 35 (16.67%)
Above poverty (≥1) 1974 (76.36%) 153 (72.86%)
Not recorded 0 (0.00%) 22 (10.48%)

Hypertension status - 26.876 <0.001
No 1625 (62.86%) 94 (44.76%)
Yes 960 (37.14%) 116 (55.24%)

Diabetes status - 9.143 0.010
No 2177 (84.22%) 160 (76.19%)
Yes 349 (13.50%) 43 (20.48%)
Prediabetes 59 (2.28%) 7 (3.33%)

Renal insufficiency status - 1.938 0.164
No 2507 (96.98%) 200 (95.24%)
Yes 78 (3.02%) 10 (4.76%)

Physical activity - 0.283 0.595
No 1680 (64.99%) 142 (67.62%)
Yes 905 (35.01%) 68 (32.38%)

Age at menarche (years) - 2.629 0.105
<12 517 (20.00%) 48 (24.87%)
≥12 2068 (80.00%) 145 (75.13%)

Ever been pregnant - 1.027 0.311
No 328 (12.69%) 20 (9.52%)
Yes 2257 (87.31%) 176 (83.81%)
Not recorded 0 (0.00%) 14 (6.67%)

Oral contraceptive use - 0.003 0.960
No 1024 (39.61%) 78 (37.14%)
Yes 1561 (60.39%) 118 (56.19%)
Not recorded 0 (0.00%) 14 (6.67%)

Ever use female hormones - 40.609 <0.001
No 2108 (81.55%) 136 (64.76%)
Yes 477 (18.45%) 57 (27.14%)
Not recorded 0 (0.00%) 17 (8.10%)

Smoking history - 22.629 <0.001
No 1990 (76.98%) 131 (62.38%)
Yes 595 (23.02%) 79 (37.62%)
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Table 1. Continued.

Characteristics
Without breast cancer

(n = 2585)
With breast cancer

(n = 210)
t/W value χ2 value p-value

Occupation classification - 2.397 0.302
Private wage 895 (34.6%) 37 (17.6%)
Government employed 249 (9.6%) 14 (6.7%)
Self-employed 111 (4.3%) 8 (3.8%)
Not recorded 1330 (51.5%) 151 (71.9%)

BMI, body mass index.

Table 2. Urinary lead levels in the total study population and subgroups by selected variables.
Characteristics n Urinary lead levels (µg/L) W value p value

Total population 2795 0.40 (0.21, 0.72)
Age at interview

<50 1325 0.36 (0.18, 0.65) Reference
50~65 741 0.42 (0.22, 0.76) ∗ 3.7480 <0.001
≥65 729 0.46 (0.25, 0.82) ∗ 5.8130 <0.001

BMI (kg/m2)
<24 592 0.34 (0.18, 0.61) Reference
≥24 2194 0.41 (0.22, 0.77) ∗ 4.749 <0.001

Race/ethnicity
Non-Hispanic White 968 0.36 (0.20, 0.63) Reference
Non-Hispanic Black 662 0.50 (0.26, 0.84) ∗ 6.3740 <0.001
Mexican American 551 0.49 (0.24, 0.90) ∗ 5.6290 <0.001
Other Hispanic 264 0.34 (0.19, 0.60) –0.6780 0.960
Other Race - Including Multi-Racial 350 0.29 (0.15, 0.51) ∗ –3.9220 <0.001

Marital status
Sexual partner 1587 0.39 (0.20, 0.70) Reference
Asexual 1208 0.41 (0.22, 0.76) 1.6820 0.093

Education
<High school 779 0.50 (0.26, 0.87) Reference
≥High school 2016 0.37 (0.20, 0.66) ∗ –6.9020 <0.001

Family income to poverty ratio
Below poverty (<1) 646 0.42 (0.23, 0.79) Reference
Above poverty (≥1) 2127 0.39 (0.20, 0.71) ∗ –2.6360 0.009
Not recorded 22 0.64 (0.35, 0.94) - -

Hypertension status
No 1719 0.40 (0.20, 0.71) Reference
Yes 1076 0.40 (0.22, 0.74) –1.0689 0.285

Diabetes status
No 2337 0.40 (0.21, 0.72) Reference
Yes 392 0.40 (0.21, 0.73) 0.1480 0.987
Prediabetes 66 0.41 (0.27, 0.72) 1.0960 0.501

Renal insufficiency status
No 2707 0.40 (0.21, 0.72) Reference
Yes 88 0.30 (0.17, 0.66) 1.3296 0.187

Physical activity
No 1817 0.40 (0.21, 0.74) Reference
Yes 973 0.39 (0.20, 0.70) –1.4270 0.154
Not recorded 5 0.55 (0.42, 2.30) - -

Age at menarche (years)
<12 565 0.42 (0.22, 0.78) Reference
≥12 2213 0.40 (0.21, 0.71) –1.5420 0.124
Not recorded 17 0.49 (0.38, 0.91) - -
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Table 2. Continued.
Characteristics n Urinary lead levels (µg/L) W value p value

Ever been pregnant
No 348 0.30 (0.17, 0.54) Reference
Yes 2433 0.41 (0.22, 0.76) ∗ 6.0160 <0.001
Not recorded 14 - - -

Oral contraceptive use
No 1102 0.42 (0.22, 0.80) Reference
Yes 1679 0.38 (0.20, 0.70) ∗ –2.7460 0.006
Not recorded 14 - - -

Ever use female hormones
No 2244 0.39 (0.20, 0.72) Reference
Yes 534 0.42 (0.23, 0.73) 1.9970 0.050
Not recorded 2 - - -

Smoking history
No 2121 0.39 (0.20, 0.70) Reference
Yes 674 0.44 (0.23, 0.83) ∗ –3.0384 0.002

Occupation classification
Private wage 932 (33.35%) 0.32 (0.18, 0.55) Reference
Government employed 263 (9.41%) 0.36 (0.18, 0.61) 0.945 0.605
Self-employed 119 (4.26%) 0.35 (0.19, 0.57) 1.111 0.500
Not recorded 1481 (52.99%) 0.37 (0.20, 0.61) - -

∗ Statistically significant difference compared to the reference group.

Table 3. Crude association between urinary lead and FBC in baseline characteristic.
Characteristics β SE Wald χ2 No. (%) OR (95% CI) p value

Age at interview
<50 0.00 1325 (47.41%) 1.0
≥50, <65 1.48 0.23 40.70 741 (26.51%) 4.38 (2.78, 6.89) <0.001
≥65 2.19 0.22 103.02 729 (26.08%) 8.95 (5.86, 13.66) <0.001

BMI (kg/m2)
<24 0.00 592 (21.25%) 1.0
≥24 –0.16 0.17 0.89 2194 (78.75%) 0.85 (0.61, 1.19) 0.344

Lead 0.80 0.25 10.11 2521 2.22 (1.36, 3.64) <0.001
Race/ethnicity

Non-Hispanic White 0.00 968 (34.63%) 1.0
Non-Hispanic Black –1.02 0.20 26.26 662 (23.69%) 0.36 (0.24, 0.53) <0.001
Mexican American –1.11 0.22 25.15 551 (19.71%) 0.33 (0.21, 0.51) <0.001
Other Hispanic –0.92 0.28 10.59 264 (9.45%) 0.40 (0.23, 0.69) 0.001
Other Race - Including Multi-Racial –1.86 0.37 25.39 350 (12.52%) 0.15 (0.07, 0.32) <0.001

Marital status
Sexual partner 0.00 1587 (56.78%) 1.0
Asexual 0.48 0.14 11.16 1208 (43.22%) 1.62 (1.22, 2.15) <0.001

Education
<High school 0.00 779 (27.87%) 1.0
≥High school 0.47 0.18 6.89 2016 (72.13%) 1.60 (1.13, 2.26) 0.009

Family income to poverty ratio
<1 0.00 646 (23.11%) 1.0
≥1 0.30 0.19 2.45 2127 (76.10%) 1.35 (0.93, 1.98) 0.117

Hypertension status
No 1719 (61.50%) 1.0
Yes 0.74 0.14 25.94 1076 (38.50%) 2.09 (1.57, 2.77) <0.001
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Table 3. Continued.
Characteristics β SE Wald χ2 No. (%) OR (95% CI) p value

Diabetes status
No 0.00 2337 (83.61%) 1.0
Yes 0.52 0.18 8.13 392 (14.03%) 1.68 (1.18, 2.39) 0.004
Prediabetes 0.48 0.41 1.38 66 (2.36%) 1.61 (0.73, 3.59) 0.241

Renal inefficiency status
No 0.00 2707 (96.85%) 1.0
Yes 0.47 0.34 1.90 88 (3.15%) 1.61 (0.82, 3.15) 0.168

Physical activity
No 0.00 1817 (65.01%) 1.0
Yes –0.082 0.15 0.28 973 (34.81%) 0.92 (0.68, 1.25) 0.595

Age at menarche (years)
<12 0.00 565 (20.21%) 1.0
≥12 –0.28 0.17 2.61 2213 (79.18%) 0.76 (0.54, 1.06) 0.106

Ever been pregnant
No 0.00 348 (12.51%) 1.0
Yes 0.25 0.24 1.02 2433 (87.49%) 1.28 (0.79, 2.06) 0.312

Oral contraceptive use
No 0.00 1102 (39.63%) 1.0
Yes –0.0076 0.15 0.0025 1679 (60.37%) 0.99 (0.74, 1.34) 0.960

Ever use female hormones
No 0.00 2244 (80.72%) 1.0
Yes 0.62 0.17 13.83 534 (19.21%) 1.85 (1.34, 2.56) <0.001

Smoking history
No 0.00 2121 (75.89%) 1.0
Yes 0.70 0.15 21.90 674 (24.11%) 2.02 (1.50, 2.71) <0.001

Occupation classification
Private wage 932 (33.35%) 1.0
Government employed 0.31 0.32 0.91 263 (9.41%) 1.36 (0.72, 2.56) 0.339
Self-employed 0.56 0.40 1.91 119 (4.26%) 1.74 (0.79, 3.84) 0.168
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Table 4. The association of urinary lead levels with FBC in the cross-sectional study from NHANES 2009–2018.

Outcome
Model I Model II Model III

β SE Wald χ2 OR (95% CI) β SE Wald χ2 OR (95% CI) β SE Wald χ2 OR (95% CI)

Urinary Pb, per 1 mg/L increase 0.80 0.25 10.11 2.22 (1.36, 3.64) *** 0.63 0.27 28.52 1.87 (1.10, 3.18) * 0.74 0.29 41.60 2.16 (1.18, 3.95) *
Pb levels Quartiles
Q1 (<0.19) Reference Reference Reference
Q2 (≥0.19–<0.35) –0.20 0.24 0.67 0.82 (0.51, 1.32) –0.37 0.26 2.10 0.69 (0.42, 1.14) –0.25 0.28 0.82 0.78 (0.45, 1.35)
Q3 (≥0.35–<0.60) 0.19 0.22 0.70 1.21 (0.78, 1.87) 0 0.24 0 1.00 (0.63, 1.60) 0.0079 0.28 0.00082 1.01 (0.59, 1.73)
Q4 (≥0.60) 0.44 0.21 4.21 1.55 (1.02, 2.36) * 0.26 0.23 1.32 1.30 (0.83, 2.03) 0.39 0.26 2.27 1.48 (0.89, 2.48)
p value for trend <0.010 0.032 0.021
Note: *, p < 0.05, ***, p < 0.001. Model I: no covariates were adjusted. Model II: Age at interview and BMI (kg/m2) were adjusted. Model III: Age at interview, BMI, education,
race/ethnicity, marital status, family income to income to poverty ratio, hypertension status, diabetes status, renal insufficiency status; physical activity, ever been pregnant, oral contraceptive
use, ever use female hormones, age at menarche, smoking history, and occupation classification were adjused. Q means quartile.
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Our cross-sectional case-control study, which is different
from previous case-control designs, further disclosed the
independent association between urinary lead and FBC in a
large-scale epidemiological survey. The urinary lead levels
were divided into quartiles to understand the relationship
between urinary lead exposure and FBC. Compared with
the lowest urinary lead group (Q1), the association between
urinary lead and FBC increased by 21% in the medium uri-
nary lead (Q3) and 55% in the highest urinary lead (Q4) in
the unadjusted model (no covariates were adjusted; p for
trend <0.01). Similarly, the fully adjusted model followed
the same trend (all the potential confounding factors were
adjusted, p for trend = 0.021). Therefore, as demonstrated,
our findings are robust and urinary lead exposure could be
an independent association with FBC.

The exact mechanism underlying lead exposure in BC
is not yet fully understood. Lead is one of the bivalent
cationic metalloestrogens that activates the genomic and
nongenomic pathways of Erα, inducing the proliferation
of estrogen-dependent breast cancer cells. This supports
the estrogen-like effects of these bivalent cationic metals
in vitro [10,24]. Heavy metals are considered the most im-
portant environmental contaminants and potential risks to
BC [23,25]. Exposure to lead pollutants has been asso-
ciated with postmenopausal breast cancer [9]. Consistent
with previous studies [25], urinary lead levels were elevated
with aging or BMI rising, indicating that both elements
were FBC risks. Urinary lead levels were higher inMexican
Americans and Non-Hispanic Black populations compared
to Non-Hispanic White and other races. In addition, uri-
nary lead levels in populations with higher education levels
or above poverty were lower than those with lower edu-
cation and below poverty. Urinary lead levels were weakly
lower in the population when they had taken oral contracep-
tive medications. However, we did not find baseline differ-
ences in urinary lead levels in different statuses of blood
pressure, renal function, diabetes, reproductive health con-
ditions, and smoking history. Taken together, we speculate
that changes in urinary lead levels are influenced by some
potential confounders.

This current study has several strengths. First, this
study combined the ten waves of the latest NHANES
database. Second, the data provide, for the first time, the
exact positive association between urinary lead and FBC as
estimated by a cross-sectional case-control study. Third,
certain potential confounding factors (socio-demography,
reproductive health conditions, diabetes, renal function,
blood pressure, and physical activity) were incorporated
into this study. Finally, this research is innovative to some
extent because few studies have been reported on the rela-
tionship between urinary lead and FBC.

There are some limitations to consider regarding the
conclusion of the positive association between urinary lead
and FBC. These limitations include geographic limitations,
as the study is based on NHANES data, which was con-

ducted only in the United States. It is unknown whether
this conclusion can be extended to other regions and pop-
ulations. Second, this present cross-sectional case-control
study could not interpret the causality between urinary
lead and FBC. Third, even though a comprehensive set of
confounders was considered, residual or unmeasured con-
founding factors (such as dietary status) may still exist.
Fourth, the NHANES questionnaire is self-reported, which
could not provide the detailed pathological stage and dis-
ease subtypes of the breast cancer population. Thus, the
datamay cause a certain degree of social desirability or bias.
Additionally, previous reports indicated that bone lead ac-
counts for more than 90% of the lead load of the adult body
[26]. The serum lead reflects the body’s recent lead expo-
sure, and the urinary lead only reflects the part of serum se-
creted through the kidney, neither of which can reflect the
actual lead load in the body [16,27,28]. Therefore, further
in-depth studies are required to understand the exact effect
of lead exposure on the mechanism and etiology of FBC.

Conclusions

This cross-sectional case-control study found that uri-
nary lead levels were significantly higher in FBC partici-
pants compared to healthy controls. The increasing urinary
lead levels are likely independently associated with FBC.
However, further research is necessary to substantiate the
real molecular mechanism and association between urinary
lead and FBC.
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