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a  b  s  t  r a  c t

Introduction and objectives:  Non-Alcoholic  Fatty  Liver  Disease  (NAFLD) is linked  to  obesity and  metabolic

syndrome,  but  increasing evidence  also  implicates environmental  toxins.  In  this  study,  we aim to show

that  in elevated  blood Lead levels  in NAFLD  patients  result  in worsening  liver  fibrosis.

Materials  and  methods:  30,172  patients from NHANES  2011–2016  met  inclusion  criteria. 2499 patients

ages 20–74  were  identified with NAFLD  as determined by  the  Fatty  Liver  Index  score, and 425  with

advanced  liver  fibrosis were identified using the  NAFLD  Fibrosis Score.  Simple  linear regression,  Student’s

T-test, and Rao-Scott Chi-Square  test  was  used  for continuous  and categorical variables. Multivariate

regression  analysis  was used  to  adjust for  confounders  to determine  odds  of Advanced  Fibrosis.

Results:  Increased  serum  Lead level  was independently  associated  with  increased risk of Advanced  Fibrosis

(OR 5.93, 95%  CI 2.88–12.24) in the  highest  Lead quartile  (Q4).  In  subgroup analysis  stratified  by  BMI, a

significant  association  between advanced liver  fibrosis  and  blood Lead levels  was consistently  present,

Q4  (OR  5.78,  95%  CI 0.97–33.63) and  Q4 (OR  6.04,  95% CI 2.92–12.48)  in BMI <30 and  >30,  respectively.

Increased  Lead  exposure  was  also evident  in  patients  who  were  older,  less educated,  male,  and drank

alcohol  and  smoked tobacco.

Conclusions:  Our  findings show that advanced  liver  fibrosis is up  to six times more likely  in  NAFLD  patients

with increased  Lead  exposure.

©  2020 Fundación  Clı́nica  Médica Sur,  A.C.  Published by  Elsevier  España, S.L.U.  This  is  an open access

article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction and objectives

The rate of NAFLD is increasing in  the United States, and pro-
gression of this disease is associated with liver fibrosis, cirrhosis,
and malignancy [1].  NAFLD is  associated with a  wide spectrum
of extra-hepatic diseases including cardiovascular disease, malig-
nancy, thyroid dysfunction and diabetes [2]. Recent studies have
found associations between environmental exposures such as afla-
toxin, asbestos, metals, and air pollution with NAFLD [3].

Lead (Pb) is an environmental exposure found in construction
sites, plumbing, batteries, paints, and gasoline [4]. While our under-
standing of Pb toxicity has led to  significantly decreased exposure
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in recent years, chronic low-level exposure still remains a  public
health issue. Prior studies have evaluated the many health risks
associated with Pb exposure, including effects on the central ner-
vous system, cognition, neurobehavioral dysfunction, kidney, and
hematologic diseases [5]. However, the relationship of  Lead expo-
sure in NAFLD patients and fibrosis progression into cirrhosis has
not been studied.

It is believed that Pb exposure increases oxidative stress and
overproduction of reactive oxidation species and, therefore, may
lead to the pathogenesis of NAFLD [10–12]. It has previously
been shown that  Lead exposure is linked to perturbations of syn-
thetic liver function and elevations in  liver biomarkers such as
alanine aminotransferase and aspartate aminotransferase [13,14].
An  epidemiological study in  China demonstrated that higher Lead
exposure is  correlated with increased NAFLD risk [15]. However, no
prior studies have examined progression of liver fibrosis in NAFLD
patients exposed to Lead.
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This study seeks to explore the effect of Lead exposure in NAFLD
patients on the progression of liver fibrosis. Advanced liver fibrosis
and cirrhosis is related to liver failure, increased mortality, malig-
nancy, and decompensation. Therefore, this study has potentially
important clinical implications.

2. Materials and methods

2.1. NHANES dataset

The National Health and Nutrition Examination Survey
(NHANES) is a  nationally representative survey of the civilian,
noninstitutionalized United States population. The survey, imple-
mented by the National Center for Health Statistics, follows a
complex, stratified, multistage probability design consisting of
interviews, physical examinations at home or at a  mobile exam-
ination center and laboratory testing. Surveys are conducted
in two-year cycles. For this study, we combined three cycles,
2011–2012, 2013–2014, and 2015–2016, to  create a 2011–2016
dataset. Further information about the datasets and the sample
design can be found elsewhere [16].

2.2. Study population

30,172 patients from NHANES were used for study eligibility.
16,210 patients were below the age of 18 and excluded, and 8346
were excluded due to acute transaminitis (AST or ALT >  500 IU/L),
excessive alcohol consumption (>10 drinks/week for females and
>20 drinks/week for males), iron overload (transferrin satura-
tion > 50%), and positive hepatitis B or C  serology. We  included
individuals with data on blood lead, data on variables needed to  cal-
culate the Fatty Liver Index and NAFLD Fibrosis Score as well as data
on potential confounders. A total of 2499 non-pregnant individu-
als ages 20–74 with NAFLD (as determined by  a  Fatty Liver Index
score ≥ 60) were included in this study. 425 patients were found
and included with advanced fibrosis (as determined by NAFLD
Fibrosis Score >0.676).

NAFLD was defined as a Fatty Liver Index (FLI) greater than or
equal to 60. FLI is  a  well-validated score using an equation com-
prised of body mass index (BMI), waist circumference, GGT, and
triglycerides used to  stratify individuals into low, intermediate, and
high risk of fatty liver. Approximately 44% of the NHANES sample
had NAFLD according to the FLI score (after application of other
exclusion criteria).

Our primary outcome of interest was advanced liver fibrosis as
determined by the validated NAFLD Fibrosis Score (NFS). Briefly, the
NFS score was developed using a  logistic regression model to help
risk stratify individuals with severe fibrosis versus minimal risk of
fibrosis. The score incorporates age, BMI, fasting glucose, AST, ALT,
platelet count, and albumin. A score above 0.676 signifies severe
fibrosis or cirrhosis of the liver. A  score between −1.455 and 0.675
was deemed intermediate fibrosis, and a score <−1.455 was termed
low fibrosis. In this study, we  used 0.676 to  create a binary variable
of high suspicion of liver fibrosis vs.  low suspicion of liver fibrosis
[17].

2.3. Variables of interest

Our primary predictor of interest was blood Lead levels.
From 2011 to 2012, blood lead levels were measured for all
adults included in the NHANES sample. For  the 2013–2014 and
2015–2016 cycles, blood lead was only measured for a  random
one-half subsample of adults. To adjust for these year-to-year
changes, and to produce nationally representative estimates,
appropriate weights were applied during statistical analysis.

Blood lead levels were determined in NHANES using induc-
tively coupled mass spectrometry. The lower limit of detection
for blood lead was  0.25 �g/dl in  2011–2012 and 0.07 �g/dl
from 2013 to  2016. Values were imputed for analytes whose
blood lead concentration could not  be  detected. Detailed infor-
mation about the preparation of samples and protocols are
available elsewhere [16].  Blood lead levels were categorized
into evenly distributed quartiles representative of the popu-
lation cohort (<0.635 �g/dl, 0.635–1.01 �g/dl, 1.02–1.62 �g/dl,
>1.62  �g/dl).

Covariates were selected a  priori based on known confounders
from previous literature and clinical experience. These covari-
ates included (1) demographic factors: age, sex, race/ethnicity, (2)
socio-behavioral factors such as alcohol consumption (grams/day),
smoking status as per serum cotinine levels, poverty-income ratio
and education level (>high school education, high school educa-
tion, <high school education), (3) patient characteristics including
waist circumference, systolic and diastolic blood pressures, and
(4) laboratory measurements of HDL, total cholesterol, triglyc-
erides, hemoglobin, hemoglobin A1c, and GGT. Blood pressure was
measured as the average of up to six measurements conducted
during the in-home interview and/or at the mobile examina-
tion center. Smoking was  categorized via cotinine levels into
low (<0.015 ng/ml), moderate (0.015–3 ng/ml), and high levels
(>3 ng/ml).

2.4. Statistical analysis

To compare baseline characteristics among blood Lead quartiles,
we used one-way ANOVA for continuous variables and Rao-Scott
Chi-square tests for categorical variables followed by post-hoc
pairwise comparisons between quartiles using Tukey’s multiple
comparison test for means.

To determine the association between blood lead quartiles and
liver fibrosis, a sequential series of four nested multivariable logis-
tic regression models (using PROC SURVEYLOGISTIC) were formed
adjusting for factors one by one. Variables that were used to cal-
culate the NAFLD fibrosis score were not incorporated as potential
confounders to prevent falsely elevated odds ratios for those cor-
responding confounders and falsely null odds ratios for blood Lead
quartiles.

We stratified the logistic regression analysis by obesity status
(BMI > 30 kg/m2)  using Model 4 in order to assess the effect modi-
fication of excess adipose tissue on the association between blood
lead levels and liver fibrosis.

All analyses utilized weights to produce nationally represen-
tative estimates and account for the oversampling of  minorities
(elderly, African-Americans and Mexican-American) as well as
the special sampling scheme for blood lead levels. Analyses also
accounted for the complex survey design with strata and cluster
variables using a traditional Taylor linearization approach to obtain
accurate variance estimates. Analyses were conducted using SAS
9.4 with a  significance level of 0.05.

3. Results

3.1. Characteristics of the study population

This study analyzed data from NHANES 2011 through 2016 of
2499 non-pregnant individuals ages 18 through 74 with NAFLD
defined by FLI (Fig.  1).  The mean age was  52.5 years.

The subjects included in the study were stratified into four quar-
tiles by blood lead levels. Mean Quartile 1–4 Blood Lead levels
(�g/dL) were (0.44, 0.83, 1.29, 2.99, respectively, p < 0.0001), and
the mean Lead level was  1.01 �g/dL. The baseline characteristics



406 D. Reja et al. /  Annals of Hepatology 19 (2020) 404–410

Fig. 1. Flow diagram depicting subjects that were included and excluded for this  study. When the pre-determined criteria were applied, a  total of 2499 subjects remained

and  were included in the study.

of the subjects in each of these quartiles can be seen in Table 1.
Subjects with increased serum Lead level were older, male pre-
dominant, less educated, had increased alcohol consumption,
and smoking levels compared to those in the lowest quartile
(all p < 0.05). These patients also had a higher prevalence of
hypertension, increased total cholesterol, HDL, decreased waist cir-
cumference and BMI, and lower ALT levels compared to subjects
in the lower quartiles (all p  <  0.05). No clinically significant trends
were observed for diabetes, triglycerides, LDL, and AST level. No
clinically significant differences were observed in race/ethnicity
and poverty status.

NFS showed significantly greater fibrosis scores with increasing
Lead exposure in Q1–Q4 (−1.52, −0.99, −0.71, −0.67, respectively,
p < 0.0001).

3.2. Independent association between advanced fibrosis and

blood lead levels in patients with NAFLD

Patients with higher blood Lead levels had increased risk of
advanced liver fibrosis. Multiple multivariate logistical regression
models were created to  remove potential confounding factors in  the
baseline characteristic analyses demonstrated in  Table 1.  Table 2
and Fig. 2 demonstrate the four main multivariate logistical regres-
sion models. Model A was  adjusted for patient demographic factors,
including age and gender. Model B was adjusted for the same
patient demographics as Model A, as well as clinical parameters,
including waist circumference and hypertension. Model C was
adjusted for Model B, as well as key laboratory parameters, includ-
ing liver function tests, hemoglobin A1c, and triglycerides. Model D
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Table  1

Baseline characteristics of study subjects stratified by blood lead level (quartiles 1–4).

Lead level

Variables Quartile 1 (<0.635) Quartile 2 (0.635–1.01) Quartile 3 (1.01–1.62) Quartile 4 (>1.62) p  value

n  =  611 n =  667 n =  628 n =  593

Demographic and clinical parameters

Age (years) 41.0 (0.8) 51.9 (0.7) 57.1 (0.6) 60.0 (0.9) <0.0001

Female gender 398 (62%) 345 (47%) 272 (38%) 199 (30%) <0.0001

Race/ethnicity

Non-Hispanic White 227 (63%) 296 (73%) 236 (66%) 255 (72%) 0.0003

Non-Hispanic Black 141 (13%) 141 (8.8%) 168 (12%) 136 (10%)

Mexican American 111 (12%) 96  (7%) 88 (8%) 88  (8%)

Other  Hispanic 84 (8%) 79  (6%) 73 (6%) 50 (4%)

Multiracial or other 48 (5%) 55 (5%) 63 (8%) 64 (6%)

Education level

<High school 117 (13%) 155 (15%) 169 (20%) 174 (22%) 0.0018

High  school 116 (20%) 150 (23%) 151 (23%) 147 (26%)

>High  school 335 (66%) 351 (62%) 304 (57%) 271 (52%)

BMI  (mean SE) 35.9 (0.4) 34.5 (0.4) 33.2 (0.4) 31.9 (0.3) <0.0001

Diabetes 100 (13%) 144 (16%) 105 (15%) 109 (13%) 0.31

Hypertension 95 (14%) 120 (14%) 163 (24%) 177 (26%) <0.0001

Waist  circumference (cm) 113.9 (0.7) 113.3 (0.7) 111.9 (0.8) 109.9  (0.6) 0.0002

Metabolic syndrome

PIR  2.8 (0.1) 3.1 (0.1) 3.1 (0.1) 2.8 (0.1) 0.015

Systolic blood pressure (mmHg) 121.6 (0.7) 124.4 (0.8) 127.7 (0.9) 128.7 (1.1) <0.0001

Diastolic blood pressure (mmHg) 72.4 (0.7) 71.8 (0.7) 71.9 (0.6) 72.6 (0.9) 0.77

Alcohol consumption 1.20 (0.03) 1.33 (0.04) 1.40 (0.04) 1.42 (0.04) <0.0001

Laboratory parameters

Smoking (cotinine levels)

High 80 (14%) 120 (18%) 129 (19%) 155 (28%) <0.0001

Moderate 266 (38%) 258 (44%) 206 (34%) 180 (38%) <0.0001

Low  265 (49%) 289 (39%) 292 (47%) 257 (35%) <0.0001

Mean  blood lead level 0.44 (0.01) 0.83 (0.01) 1.29 (0.01) 2.99 (0.15) <0.0001

Fasting glucose (mg/dL) 114.7 (3.1) 120.9 (3.6) 111.8 (2.4)  114.7 (2.4) 0.15

HbA1c 5.84 (0.04) 6.02 (0.05) 6.01 (0.05) 5.92 (0.05) 0.011

Hemoglobin 13.9 (0.1) 14.3 (0.1) 14.4 (0.1) 14.7 (0.1) <0.0001

Total  cholesterol (mg/dL) 189 (2) 195 (2) 197 (2) 200 (2) 0.0011

Triglycerides 203 (8) 213 (8) 214 (7) 211 (6) 0.49

HDL  44.7 (0.6) 45.2 (0.6) 46.3 (0.6) 46.8 (0.7) 0.002

LDL  110 (3) 114 (4) 118 (4) 118 (4) 0.11

GGT  34.3 (3.0) 31.1 (1.1) 32.2 (1.9) 34.9 (2.4) 0.46

ALT  29.4 (0.7) 29.1 (0.9) 26.9 (0.8) 26.9 (0.7) 0.0234

AST  25.7 (0.5) 25.8 (0.5) 25.3 (0.5) 26.2 (0.5) 0.58

Fibrosis panels

NFS (mean value, SD) (-1.52) (0.08) (-0.99) (0.07) (-0.71) (0.07) (-0.67) (0.07) <0.0001

Table 2

Multivariate logistical regression models of Blood Lead Level and Advanced Liver Fibrosis in patients with NAFLD.

Analysis Quartile 1 Quartile 2 Quartile 3 Quartile 4 p value(Wald score)

Univariate Odds Ratio 1.00 2.12 (1.20, 3.73) 2.34 (1.41, 3.89) 2.95 (1.59, 5.46) 0.0065

Multivariate Adjustment A 1.00 2.34 (1.35, 4.08) 2.73 (1.67, 4.49) 3.66 (2.06, 6.50) 0.0002

Multivariate Adjustment B 1.00 2.83 (1.53, 5.24) 3.59 (2.07, 6.23) 5.71 (3.03, 10.78) <0.0001

Multivariate Adjustment C 1.00 2.59 (1.39, 4.81) 3.34 (1.96, 5.67) 5.42 (2.89, 10.16) <0.0001

Multivariate Adjustment D 1.00 2.79 (1.39, 5.63) 3.74 (2.01, 6.96) 5.93 (2.88, 12.24) <0.0001

was adjusted for all of the same factors as Model C, with the addition
of social factors including smoking and PIR. The odds ratios of devel-
oping advanced fibrosis increased significantly with each quartile
(Table 2). After adjusting for all confounding factors in Model D,
the odds ratio of Advanced Fibrosis in  Lead Quartile 4 was [OR 5.93
95% CI 2.88–12.24, p <  0.05). These multivariate analyses demon-
strate that the independent association is  strengthened when all
differences in baseline characteristics are  adjusted (Fig. 3).

3.3. Independent association of advanced liver fibrosis stratified

by BMI

The patients in the four quartiles were further stratified into
two groups by BMI  less than or greater than 30. The independent
likelihood of developing advanced liver fibrosis was  similar in  both

groups. For BMI  < 30,  the odds ratio of developing advanced fibrosis
in Q2 was  4.58, Q3 5.31, and Q4 was 5.71 (p <  0.05). For BMI >  30, the
odds ratio of developing advanced fibrosis followed a similar trend;
Q2 was 2.65, Q3 was 3.46, and Q4 was 6.04 (p < 0.05). The associ-
ation of advanced fibrosis with increased Lead levels is preserved
even when the influence of BMI  is removed.

4.  Discussion

In  a United States nationwide cohort of NAFLD patients, we
demonstrate that increased Lead levels in  the blood is  inde-
pendently associated with worsening liver fibrosis. Our findings
suggest elevated Pb levels were associated with up to a  six-fold
increased risk of liver fibrosis. While those with NAFLD have sim-
ple steatosis with favorable long-term outcomes, advanced liver
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Fig. 2. Odds ratios from Table 2  represented in stacked bar graph.

Fig. 3. Difference in development of advanced fibrosis according to quartile of blood lead levels stratified by  BMI. Advanced fibrosis was significantly higher in patients with

higher blood lead levels regardless of BMI.

fibrosis is associated with increased mortality, acute liver fail-
ure, and extrahepatic disease. Thus, we  recommend that NAFLD
patients at increased risk of Lead exposure be screened for Lead
levels and liver fibrosis.

To date, research in Pb exposure and advanced liver fibrosis is
scarce, and only two prior studies have found associations between
Pb and NAFLD [14,18]. Cave et al. demonstrated that increased
Lead levels were linked to ALT elevations in patients without other
causes of liver toxicity [18]. They hypothesized that low-level

pollution and Pb exposure led  to ALT elevations and, therefore the
possible development of NAFLD [18].  However, this study had lim-
itations given that  no exact definition for NAFLD was  provided in
their study, and other etiologies were not adequately evaluated.
Zhai et al. found in  China that NAFLD was  directly linked to  Lead
exposure in  a population undergoing rapid urbanization [14].

In  multivariate analyses accounting for baseline subject,
metabolic, laboratory, and social characteristics that were viewed
as potential key confounding factors, it was  found that advanced
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liver fibrosis was independently associated with Lead levels in
patients with NAFLD. In subgroup analysis stratified by BMI, the
risk of advanced fibrosis increased with higher Lead levels regard-
less of BMI. These results are important to note when considering
public health risks in the United States. Our findings suggest that
appropriate screening for liver fibrosis in patients with elevated
blood Pb levels and NAFLD may  be important in preventing further
progression of the liver disease.

4.1. Lead and socioeconomic status

Our findings demonstrate that patients with increased Lead lev-
els were more likely to  have not graduated high school and less
likely to have advanced education after high school. This finding
is consistent with prior studies that show socioeconomic status
is a risk factor for Lead toxicity [19–22]. Childhood Lead expo-
sure has been linked to  decreased IQ, cognition, and processing,
which further leads to downward social mobility. Prior studies have
demonstrated that patients with concurrent alcohol and smoking
habits were more likely to have increased Pb levels, and cigarettes
and alcohol were modifiable risk factors of Lead exposure [23,24].
This is consistent with our  findings that patients with increased
alcohol consumption and smoking had increased Lead levels. Our
study did not reveal statistically significant trends of Lead and
race/ethnicity and income. This is likely secondary to limited sam-
pling of the United States population in  the NHANES database and
the cross-sectional nature of the study. However, prior literature
has shown that African Americans bear a higher burden of Lead
exposure. Particularly in light of the recent water crisis in Flint,
Michigan, Lead toxicity remains an important environmental social
justice issue [25].

4.2. Pathogenesis of lead exposure in NAFLD and advanced liver

fibrosis

The exact pathogenesis of Pb exposure and NAFLD is unclear,
but multifactorial involving genetic, endocrine, and oxidative stress
functions. Prior studies have examined the role of environmental
toxicants as endocrine-disrupting chemicals (EDCs) with a cascade
of downstream metabolic effects [26–28].  EDCs bind to nuclear hor-
mone receptors that impair lipid metabolism that may  increase
the  propensity for NAFLD [27].  Additionally, the accumulation of
Lead in the liver is known to cause oxidative imbalance [29–31].
This causes free radical damage that leads to hepatic degenerative
changes and tissue damage that increases fibrosis risk [13].

In this study, we  demonstrated Lead exposure is  positively asso-
ciated with hypertension but negatively associated with BMI and
waist circumference. Advanced liver fibrosis was independently
associated with elevated Pb  level regardless of BMI. This suggests
the  pathogenesis of Pb on advanced fibrosis is  multifactorial and
independent of known metabolic pathways implicated in NAFLD.

4.3. Clinical implications

Despite federal regulations, low-level occupational and environ-
mental exposure still poses a  public health issue. Racial disparities,
along with geographic location and socioeconomic status, have
been shown to  influence Lead exposure. Typical elevated Pb level
is defined as greater than 5 �g/dL. We show that levels as low as
0.83 �g/dL (median of Quartile 2) is associated with progression
of liver fibrosis. We suggest a  population-based screening proto-
col of Lead levels for NAFLD patients that  are high risk of Lead
exposure (African Americans, smokers, alcoholics, and those of low
socioeconomic status).

4.4. Limitations

Our study had several limitations. The cross-sectional nature
limits our ability to determine causality between lead exposure
and fibrosis. NAFLD and liver fibrosis were not diagnosed with
liver biopsy, which is needed for definitive diagnosis. FLI was used
to identify NAFLD, while the validated NFS score defined hepatic
fibrosis.

5. Conclusion

In  conclusion, we found that  the risk of advanced fibrosis was
independently associated with increased lead exposure in patients
with NAFLD. While the exact etiology is  unclear, Pb exposure may
lead to oxidative stress and free radical damage that may  contribute
to the fibrosis seen in  these patients. Chronic exposure to low Pb
levels still remains a public health issue. Further studies are needed
to  better understand the association between lead and liver disease.
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