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Abstract

Background—Effects of chronic cadmium exposure on liver disease and liver-related mortality
are unknown. We evaluated the association of creatinine-corrected urinary cadmium levels with
hepatic necroinflammation, non-alcoholic fatty liver disease (NAFLD), non-alcoholic
steatohepatitis (NASH), liver-related mortality, and liver cancer mortality in the US general
population.

Methods—We analyzed the relationship of individuals in the top quartile for urinary cadmium
measured in 12,732 adults who participated in the Third National Health and Nutrition
Examination Survey in 1988-1994 (NHANES II1), and hepatic necroinflammation, NAFLD, and
NASH. Associations between cadmium, liver-related mortality, and liver cancer mortality were
evaluated in the NHANES |11 mortality follow-up study.

Results—The cutoffs for highest quartile of urinary cadmium per gram of urinary creatinine
were 0.65 and 0.83 pug/g for men and women, respectively (P<0.001). After multivariate
adjustment for other factors including smoking, the odds ratios [95 % confidence intervals (Cl)]
for hepatic necroinflammation, NAFLD, and NASH associated with being in the top quartile of
cadmium levels by gender, were 2.21 (95 % ClI, 1.64-3.00), 1.30 (95 % CI, 1.01-1.68) and 1.95
(95 % ClI, 1.11-3.41) for men and 1.26 (95 % ClI, 1.01-1.57), 1.11 (95 % ClI, 0.88-1.41) and 1.34
(95 % ClI, 0.72-2.50) for women, respectively. The hazard ratios for liver-related mortality and
liver cancer mortality for both genders were 3.42 (95 % CI, 1.12-10.47) and 1.25 (95 % Cl, 0.37-
4.27).

Conclusions—Environmental cadmium exposure was associated with hepatic
necroinflammation, NAFLD, and NASH in men, and hepatic necroinflammation in women.
Individuals in the top quartile of creatinine-corrected urinary cadmium had over a threefold
increased risk of liver disease mortality but not in liver cancer related mortality.
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Introduction

Methods

Cadmium is a toxic heavy metal found widely in the environment. Environmental exposure
to cadmium occurs primarily through smoking or industrial emissions, and the consumption
of contaminated food and water.1-3 Cadmium has a whole-body half-life of between 15 and
30 years and accumulates in two target tissues: the renal cortex and the liver.3 Studies have
shown an increase in all-cause and cancer mortality in general populations exposed to low
level, chiefly environmental, exposure.* Cadmium interacts with multiple aspects of liver
function, chiefly through heavy metal binding proteins called metallothioneins. Acute and
chronic cadmium induced hepatotoxicity is well known in animal models of liver failure. In
mouse models of chronic cadmium exposure induced hepatotoxicity, nonspecific chronic
inflammation, granulomatous inflammation, apoptosis, and liver cell regeneration have been
noted.®> However, the effect of chronic cadmium exposure on liver-related outcomes in
humans is not well characterized.

We sought to evaluate the association of creatinine-corrected urinary cadmium with hepatic
necroinflammation, non-alcoholic fatty liver disease (NAFLD), non-alcoholic steatohepatitis
(NASH). In addition, we examine the relationship of cadmium exposure with liver-related
mortality and liver cancer mortality in the general United States (US) population using data
from the Third National Health and Nutrition Examination Survey (NHANES II1) cross-
sectional study, and the NHANES Il1 Mortality follow-up study.

Study population

NHANES 111 was a stratified, multistage probability survey designed to select a
representative sample of the civilian non-institutionalized US population.® Overall, 16,115
adults 20-74 years of age completed the NHANES I11 interview and examination. We
excluded 1,756 participants missing data for urinary cadmium, 77 participants missing data
for urinary creatinine, 644 participants missing data on alanine aminotransferase (ALT),
aspartate aminotransferase (AST), or ultrasonography and 906 participants for missing
information on other covariates or who did not have follow-up information. These
exclusions left 12,732 NHANES Il participants in the present analysis.

The protocol for NHANES 111 was approved by the National Center for Health Statistics of
the Centers for Disease Control and Prevention Institutional Review Board. All participants
gave written, informed consent.

Baseline data collection

NHANES 111 baseline data were collected during an inhome interview and a subsequent visit
to a mobile examination center.6 During the in-home interview, demographic and health-
related information was collected using a standardized questionnaire. We classified
participants into one of three groups based on cigarette smoking: never smokers, former
smokers, and current smokers. Pack years were calculated for smokers, both current and
former. History of cardiovascular disease was defined as a self-reported history of acute
myocardial infarction, stroke, or heart failure. History of cancer was defined as a self-
reported history of any cancer. We categorized people as sedentary if they answered “no” to
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all the questions on engaging in any of the following activities over the past month: jog or
run, cycle, swim, aerobics, other dancing, calisthenics, garden or yard work, weight lifting,
or other sports.” Height and weight were measured and body mass index (BMI) was
calculated as weight in kilograms divided by height in meters squared. Total serum
cholesterol was measured enzymatically. A detailed description of the measurement of
urinary cadmium levels and quality control for sample processing is available elsewhere.8

We performed all analyses using creatinine-corrected urinary cadmium values (urinary
cadmium divided by urinary creatinine concentrations, expressed as micrograms per gram)
to account for between-participant differences in urine dilution. Urinary creatinine was
measured with a Beckman ASTRA automated analyzer.8

Serum biochemistries were done using the Hitachi 737 automated multichannel chemistry
analyzer (Boehringer Mannheim Diagnostics, Indianapolis, IN).? Liver tests determined
levels of ALT, AST, y-glutamyltranspeptidase (GGT), alkaline phosphatase. For analysis
involving NAFLD and NASH, the levels of ALT or AST were considered raised if they
were above the upper limit of normal of the National Health and Nutrition Examination
Survey laboratory values.® Hepatitis C status was determined by testing for the presence of
antibodies to hepatitis C using a second generation enzyme immunoassay (Abbott
Laboratories, Chicago, IL) and subsequently confirmed by the MATRIX assay (Abbott
Laboratories). Presence of antibodies to hepatitis B core antigen was determined using a
solid phase competitive immunoassay (Abbott Laboratories). Serum iron levels and total
iron binding capacity were measured calorimetrically (Alpkem RFA analyzer, Clackamas,
OR). Serum ferritin levels were measured using the BioRad Quantimmune IRMA kit
(BioRad Laboratories, Hercules, CA).10.11

Hepatic necroinflammation

We considered concurrently elevated levels of both serum ALT and serum GGT levels as a
marker of hepatic necroinflammation.12 The procedures for collection and analysis of the
serum ALT and GGT samples are described elsewhere.12 We considered a cutoff of serum
ALT level >30 U/L for men and >19 U/L for women and serum GGT level >51 U/L for men
and >33 U/L for women as elevated. Because GGT was measured only in a random
subsample of the NHANES 111 participants, all analyses with hepatic necroinflammation as
an outcome were carried out on a subsample of 9909 individuals (77.8 % of the original
sample for the other analyses) for whom GGT levels were available.

NAFLD and NASH

Between 2009 and 2010, 13,856 (96.6 %) of the archived ultrasound examinations on the
gallbladder carried on the NHANES 11 participants aged 20 to 74 were reviewed to
determine the presence of fat within the liver parenchyma. The details of the original
examination and review are described elsewhere. 1314

We defined NAFLD and NASH using the definitions proposed by Lazo et al.1®> Non-
alcoholic fatty liver disease was defined as the presence of moderate to severe hepatic
steatosis with normal liver enzymes levels. Non-alcoholic steatohepatitis was defined as the
presence of moderate to severe hepatic steatosis with increased levels of liver enzymes, in
the absence of antibodies to hepatitis B and hepatitis C and without evidence of iron
overload. We excluded individuals with viral hepatitis B and hepatitis C or with iron
overload from the NASH group, because these factors may be associated with increased
liver enzyme levels.
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Follow-up for mortality

The NHANES lIlI-linked mortality file was used for followup analyses. Follow-up duration
was calculated from the date of examination to either the date of death provided in the
mortality file, in case the patient had died, or to 31st December 2006.16

Cause of death was determined from the underlying cause listed on the death certificate and
reported in the mortality file. We used the publicly available linked mortality data files,
which identify the cause of death using the Underlying Cause of Death-113 (UCOD 113)
groups (international classification of disease, 10th revision). Cancer mortality was defined
as deaths with underlying cause of death codes: ICD-10 C-00-C-97. Liver-related mortality
was defined as deaths with underlying cause of death codes: ICD-10 K-70, or K-73-K-74.
Liver cancer mortality was defined as deaths with underlying cause of death codes: ICD-10
C-22.

Statistical analysis

Results

All the analyses, except for those related to liver-related and liver cancer mortality, were
performed for the whole cohort and also separately for men and women because of a well-
recognized difference in cadmium related outcomes by gender.*17 The number of deaths
attributed to liver-related mortality and liver cancer mortality was too small (<40 each) to
allow for stable multivariable models for individual genders. We compared the baseline
characteristics between individuals in the highest gender-specific quartile for creatinine-
corrected urinary cadmium and those in the lower three quartiles using Pearson y?2 statistics
for categorical variables or Wald test for continuous variables. For the baseline
characteristics, all values, except for age and race categories, were adjusted for age and race.

In the cross-sectional NHANES I11 sample, multivariable logistic regression analysis was
used to evaluate association of cadmium with hepatic necroinflammation, NAFLD, and
NASH. Participants with NAFLD were excluded for the NASH analysis and vice versa. For
the follow-up mortality cohort, Cox proportional hazards regression was used to estimate
hazard ratios and 95 % confidence intervals for deaths from all liver disease and liver cancer
by highest cadmium quartile status. For the cross-sectional sample, and for all-cause and all-
cancer deaths we used two models with progressive degrees of adjustment: model 1 adjusted
for age and race or ethnicity; model 2 further adjusted for education, smoking status, pack
years of smoking, alcohol consumption, physical activity, body mass index, and serum
cholesterol. For the liver-related mortality and liver cancer mortality, models were adjusted
only for age, race, smoking, and alcohol use.

We carried out the following sensitivity analyses: (1) age was added to the models as a
restricted quadratic spline with knots at the 10th, 50th, and 90th percentile of the overall
study sample. (2) Serum cotinine was included in the models instead of pack years of
smoking. These changes did not lead to any appreciable difference in the OR/HR or
corresponding CI estimates. All analyses were done using the survey procedures of SAS 9.3
to account for the sampling weights and the complex survey design.

Patient Characteristics

Mean age of participants in the weighted cohort was 42.2 years and most were female (51.1
%), and nonHispanic White (76.2 %); 24.4 % had less than 12 years of education. 29.3 %
respondents reported being a current smoker at the time of the interview. Mean number of
pack years for current or former smokers was 11.2 years. The mean BMI was 26.6 kg/m2.
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Mean AST, ALT, and GGT levels were 21.3+0.2 U/L, 17.9 £0.4, and 29.2+0.6 U/L,
respectively.

The mean urinary cadmium per gram of urinary creatinine was 0.52 +0.01 j1g/g; mean
urinary cadmium per gram of urinary creatinine was lower for men (0.45 £0.01 j.g/g) than it
was for women (0.63 +0.02 j1g/g) (P<0.001). The cutoffs for highest quartile of urinary
cadmium per gram of urinary creatinine were 0.65 pg/g and 0.83 pg/g for men and women,
respectively (P<0.001). Compared with people in the lower three quartiles of cadmium
exposure, those in the top quartile were more likely to be non-Hispanic White, have <12
years of education, be sedentary, have a history of cardiovascular disease or cancer, have
more pack years of smoking, and have higher total cholesterol. This was true for both men
and women (Table 1). Urinary cadmium levels increased as individuals aged, and this
phenomenon was noted to be similar in men versus women (Fig. 1).

Hepatic Necroinflammation, NAFLD and NASH: Impact of Cadmium

Hepatic enzyme levels were noted to increase as urinary cadmium level rose (Fig. 2). The
overall incidence of hepatic necroinflammation was 22.5 %, and was no different in men
versus women (21.9 % vs. 23.0 %, respectively; P=0.34). Individuals who were younger
than 65 years (OR=1.27, 95 % CI 1.12-1.43) and non-White (OR=1.42, 95 % CI 1.19-
1.68) had a higher incidence of necroinflammation (both P < 0.05). O ther factors a
ssociated w ith necroinflammation included education <12 years (OR = 1.22, 95 % CI 1.06-
1.41), sedentary lifestyle (OR 1.59, 95 % CI 1.35-1.87), higher BMI (per unit increase in
BMI; OR 1.08, 95 % CI 1.07-1.09), and higher plasma cholesterol levels (for each 10 mg/
dL increase; OR 1.06, 95 % CI 1.05-1.08) (all P<0.05).

In examining necroinflammation relative to urinary cadmium levels, 20.8 % of men had
hepatic necroinflammation in the lower three quartiles versus 26.3 % in the top quartile of
urinary cadmium. The corresponding figures for women were 21.4 and 27.8 %, respectively.
After adjusting for age and race/ethnicity, men in the upper quartile of urinary cadmium
were noted to have a 56 % increased risk of hepatic necroinflammation (OR=1.56, 95 % CI
1.26-1.94; P<0.001), while women had a 23 % increased risk (OR=1.23, 95 % CI 1.02-
1.48; P=0.03). After adjusting for other competing risk factors in the fully adjusted
multivariate model, high urinary cadmium levels remained associated with risk of hepatic
necroinflammation. Specifically, men in the top quartile of urinary cadmium had over a
twofold increased risk of hepatic necroinflammation (OR = 2.21, 95 % CI 1.64-3.00; P <
0.001), while the effect among women was more modest (OR =1.26, 95 % CI 1.01-1.57;
P=0.04) (Table 2).

The overall incidence of NAFLD and NASH was 16.5 and 3.3 %, respectively. There was a
slight predilection for men to have a higher incidence of both NAFLD and NASH (18.5 and
3.7 %) compared with women (14.5 and 2.9 %) (both P < 0.001). In looking at the entire
cohort, factors associated with NAFLD included education <12 years (OR = 1.56, 95 %
1.30-1.86), sedentary lifestyle (OR = 1.43, 95 % 1.28-1.61), higher BMI (per unit increase
in BMI; OR 1.14, 95 % CI 1.12-1.16), and higher plasma cholesterol levels (for each 10 mg/
dL increase; OR 1.07, 95 % CI 1.05-1.09)(all P < 0.05). Several similar factors were
associated with the risk of NASH, including higher BMI (per unit increase in BMI; OR 1.18,
95 % CI 1.15-1.20) and higher plasma cholesterol levels (for each 10 mg/dL increase; OR
1.11, 95 % CI 1.07-1.15) (all P< 0.05). Weighted proportion of NAFLD among men was
17.2 % in the lower three quartiles, and 22.9 % in the top quartile for cadmium. For women,
the corresponding proportions were 13.8 % and 16.7 %, respectively. Weighted proportion
of NASH among men was 3.6 % in the lower three quartiles, and 4.4 % in the top quartile
for cadmium. For women the corresponding proportions were 2.6 and 3.6 %, respectively.
After adjusting for competing risk factors, urinary cadmium levels were associated with an
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increased risk of NAFLD only among men. Specifically, men in the top quartile of urinary
cadmium had a 30 % increased risk of NAFLD (OR =1.30, 95 % CI 1.01-1.68; P=0.04)
while no such association was noted among women (OR=1.11, 95 % CI 0.88-1.41; P=0.37).
When examining urinary cadmium and NASH, a similar association was noted. While
urinary cadmium levels were associated with risk of NASH among men (OR =1.95, 95 % CI
1.11-3.41; P=0.02), cadmium levels did not impact the risk of NASH among women
(OR=1.34, 95 % CI 0.72-2.50; P=0.36).

Mortality and Cadmium Levels

The median follow-up was 14.6 years (range, 0.1 to 18.2 years). Table 3 presents the hazard
ratios and 95 % Cls for the association of gender-specific top quartile of cadmium with all-
cause and cancer mortality. There were 35 deaths attributed to liver disease. Fourteen events
occurred in the lower three quartiles, while 21 deaths occurred in the top quartile of urinary
cadmium levels. After adjustment for age, gender, race, and alcohol consumption,
individuals in the top quartile of creatinine-corrected urinary cadmium had over threefold
increased risk of liver disease mortality (HR = 3.42, 95 % CI1 1.12-10.47; P=0.03). In
contrast, individuals in the top quartile of creatinine-corrected urinary cadmium were not
noted to have an increased risk of liver cancer related mortality (HR = 1.25, 95 % CI 0.37-
4.27; P=0.52).

Discussion

Cadmium is an environmental pollutant with a long half-life that accumulates in the body
with age and only a small portion of the body burden is excreted per day.18 As previously
noted, urinary excretion of cadmium is commonly used as the dosimeter of lifetime
exposure since it is proportional to the total body burden.818:19 Previous studies have
examined the impact of cadmium environmental exposure and noted an increased risk of all-
cause mortality and cardiovascular disease in men, but not women.#20 Other studies have
noted an association of urinary cadmium with impaired fasting glucose and diabetes.18
While limited preclinical data have suggested that liver injury may be associated with
exposure to cadmium,® no population data exist. The current study is important because, to
our knowledge, it is the first study of chronic cadmium exposure and liver disease in a large
population-based sample of individuals. Cadmium is one of several heavy metals, including
lead, that is widely disseminated in the environment.2%-21 Understanding the potential
impact of cadmium on hepatic disease is relevant because the liver is one of the main
biorepositories of cadmium. In the current study, we noted an association between high
urinary cadmium levels and enzymatic markers of hepatic necroinflammation, NAFLD, and
NASH among men. While in women, there was an association between high urinary
cadmium levels and enzymatic markers of hepatic necroinflammation, no such association
with NAFLD or NASH was noted. We also noted a relationship between high urinary
cadmium levels and mortality.

While the overall prevalence of NASH were relatively low ( 3.3 % ), the p revalence o f
NAFLD and necroinflammation were considerably higher (16.5 and 22.5%, respectively).
As expected, certain factors were associated with an increased risk of liver disease.
Specifically, higher BMI and hypercholesterolemia were each associated with NAFLD and
NASH. While these factors are well-established risk factors for liver disease, we report the
novel finding that high cadmium exposure was also associated with liver disease. On
multivariable analyses, men in the highest quartile of creatinine-corrected urinary cadmium
had a higher risk of necroinflammation, NAFLD, as well as NASH. While women with high
cadmium exposure were also at higher risk of necroinflammation, the risk was much less
pronounced and no such association between cadmium levels and NAFLD or NASH was
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noted. Sex-specific differences in the effect of cadmium exposure on other non-liver specific
outcomes have been previously reported.* While such differences are undoubtedly
multifactorial, some investigators have speculated that the differences may be due to the
interaction of cadmium and menopause status. Cadmium may be redistributed in bone after
menopause.22 In addition, cadmium may have estrogen- and androgen-like activities with
differential effects in pre- versus post-menopausal women, as well as men.23

There is limited evidence available on the mechanisms through which chronic cadmium
exposure affects the liver. Irrespective of the source, cadmium is normally taken up from the
bloodstream by the liver and complexed to metallothionein (MT). This Cd-MT complex
neutralizes the toxic effects of cadmium.1® Following glomerular filtration of this complex,
renal tubular cells destroy the MT portion and re-complex the Cd with MT secreted in the
renal tubular cell cytoplasm. It has been noted that higher levels of cadmium exposure can
exceed the production capacity of MT in the renal tubular cytoplasm leading to free
cadmium.24 The effects of cadmium on the liver may be through a similar mechanism of
cadmium levels exceeding hepatic MT production. In mouse models of chronic cadmium
exposure induced hepatotoxicity, inflammation and apoptosis of hepatocytes have been
noted in both wild-type (mice with intact MT) and MT-null mice, but were more
pronounced in the latter.> A threshold effect of cadmium exposure and depletion of MT may
potentially explain our finding of an association between cadmium and adverse liver
outcomes only in the top quartile for cadmium exposure, but not at lower levels.

Cadmium exposure was associated with an increased risk of mortality. Specifically, patients
in the upper quartile of cadmium exposure had over a threefold increased risk of liver
disease mortality (HR =3.42, 95 % CI 1.12-10.47; P=0.03) even after adjusting for major
competing risk factors. Other investigators have similarly noted an increase in overall and
cancer-specific mortality among individuals with high cadmium exposure.*2> Menke and
colleagues noted a 28 and 55 % increased risk of all-cause and cancer-specific death among
men with high urinary cadmium levels.* Menke et al. did not find a similar association
among women. In the current study, while we did note an increase in adjusted all-cause
mortality with higher cadmium exposure levels among all patients, the effect was much
more pronounced in men (Table 3). Unlike any previous study, we also investigated liver
disease related mortality as an outcome measure for cadmium exposure. Of note, we found a
strong association between high cadmium urinary levels and the risk of liver-related
mortality, with high-exposure patients having more than 240 % increase in risk of liver-
related mortality even after adjusting for other factors. We did not, however, find an
association between high urinary cadmium and liver cancer mortality. Indeed, there were
only six patients whose death was attributable to liver cancer. Given the relatively rarity of
liver cancer deaths, the current analyses may have been susceptible to a type 1l statistical
error. Given the population-based nature of the NHANES 111 dataset, any association
between cadmium exposure and liver cancer mortality is likely, however, to be small.

The current study had several limitations. Ultrasonography in combination with liver
enzyme levels was utilized to assess liver status (e.g., necroinflammation, NAFLD, NASH).
While other authors have reported that such methods are reasonably accurate,28 such
classification schemes may have led to some misclassification. However, the definitions for
hepatic necroinflammation, NAFLD, and NASH were established and have been utilized by
previous investigators using similar datasets.12:1> In addition, any misclassification owing to
a reliance on measurements of liver enzymes and liver fat would most likely have been non-
systematic and would have, if anything, biased the results towards the null. Other limitations
of the current study include the fact that many covariates included in NHANES 111 were
self-reported. These limitations are offset, however, by the strength of the NHANES 111
being one of the only nationally representative datasets that contains information on liver
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imaging, hepatic enzymes, cadmium exposure as well as long-term mortality. In addition,
data from the NHANES I11 were collected by trained staff following rigorous, standardized
protocols to minimize measurement errors.

In conclusion, we report an association between high urinary cadmium levels and enzyme
markers of hepatic necroinflammation, NAFLD, and NASH primarily among men in the US
population. The effect of cadmium exposure on hepatic necroinflammation, NAFLD, and
NASH among women was less pronounced. After adjustment, individuals in the top quartile
of creatinine-corrected urinary cadmium had over threefold increased risk of liver disease
mortality but not in liver cancer related mortality. These findings have important
implications considering the relatively high prevalence of cadmium in the environment.
Further study on the effect of chronic exposure to cadmium on liver-related conditions in the
general population is needed so that adverse outcomes from hepatic cadmium accumulation
can be better defined and obviated.
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NAFLD Non-alcoholic fatty liver disease
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OR Odds ratio
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Baseline characteristics of study participants by sex and creatinine-corrected urinary cadmium (uCd). The
cutoffs for uCd separate the top quartile, and the bottom three quartiles of creatinine-adjusted urinary

cadmium
Men Women
Characteristics <0.65pg/g =20.65pg/g Pvalue <0.83pg/g =20.83pg/g Pvalue
(n=4478)  (n=1510) (n=5046)  (n=1698)

Mean (SE) age (years) 38.6(0.4) 53.0(04) <0.001 39.1(0.3) 53.2(0.5) <0.001
Race or ethnicity (%)

Non-Hispanic White 76.1(15) 79.0(20) <0.001 75.1(15) 77.0(L6)  <0.001

Non-Hispanic Black 9.6 (0.6) 9.5(0.8) 12.2 (0.8) 9.2 (0.9)

Mexican American 6.5 (0.6) 3.7(0.3) 5.5(0.5) 3.5(0.3)
<12 years education (%) 22.5(0.4) 30.0 (0.6) <0.001 22.7(0.3) 30.7 (0.5) <0.001
Body mass index (kg/m?) 26.4(0.2) 27.1(0.3) 0.06 26.4(0.2) 27.1(0.3) 0.06
Sedentary (%) 205(0.3) 23.6(05) <0.001 20.7(0.3) 24.2(0.3)  <0.001
History of CVD(%) 2.1(0.1) 50(0.2)  <0.001 2.1(0.1) 53(02)  <0.001
History of Cancer (%) 5.4(0.2) 10.3(0.2) <0.001 5.4(0.2) 10.7 (0.3) <0.001
Current Smoking (%) 30.2(0.2) 265(0.2) <0.001 30.2(0.1) 26.2(0.2) <0.001
Mean (SE) Pack years 9.7(0.2) 156 (0.2) <0.001 9.9(0.2) 15.6 (0.2)  <0.001
Mean (SE) serum Cotinine (ng/mL) 79.7 (0.5) 80.1 (0.5) 0.14 81.2 (0.5) 79.2 (0.5) 0.06
Consume alcohol (%) 57.2(0.3) 49.6(0.4) <0.001 57.0(0.2) 49.6(0.3)  <0.001
Total cholesterol (mg/dL) 199.2 (0.4) 213.8(04) <0.001 199.6 (0.4) 214.0(0.5) <0.001
Mean (SE) alanine aminotransferase (U/L) 17.8 (0.4) 16.6 (0.4) 0.06 17.7 (0.4) 16.6 (0.4) 0.06
Mean (SE) aspartate aminotransferase (U/L)  21.1 (0.3) 21.2(0.3) 0.90 21.1(0.2) 21.2(0.2) 0.90
Mean (SE) y-glutamyl transpeptidase (U/L) 282 (0.1)  312(02) <0001 285(0.1) 313(02)  <0.001

Values are means (SE) or percentages (SE) of participants, unless otherwise specified. All values except for age and race/ethnicity were
standardized for age (continuous), and race/ethnicity (non-Hispanic White, non-Hispanic Black, Mexican American, other)

aAmong random subset of participants (n=9,909)
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Table 2

Multivariate logistic regression analysis of association of hepatic necroinflammation, NAFLD, and NASH
with sex and highest quartile of creatinine-corrected urinary cadmium

Men Women
Characteristic <0.65pg/g  =0.65 pglg Pvalue <0.83pg/g =0.83pglg P value
Hepatic necroinflammation n=864 n=328 n=1057 n=409

Age and race/ethnicity adjusted  1.00 1.56 (1.26-1.94) <0.001  1.00 1.23(1.02-1.48) 0.03
Multivariable adjusted®P 1.00 2.21(1.64-3.00) <0.001 1.00 1.26 (1.01-1.57) 0.04
NAFLD n=840 n=335 n=835 n=312

Age and race/ethnicity adjusted  1.00 0.98 (0.89-1.09) 0.73 1.00
1.30 (1.01-1.68)  0.04 1.00 1.11(0.88-1.41) 0.37
n=204 n=74 n=162 n=64

1.31(0.82-2.10) 0.25 1.00 1.06 (0.62-1.83) 0.82

1.95(1.11-3.41) 0.02 1.00 1.34 (0.72-2.50) 0.36

0.84(0.71-1.01) 057
Multivariable adjusted 1.00
NASH
Age and race/ethnicity adjusted  1.00
Multivariable adjusted 1.00

n number of events

a Lo
Random subsample of 9909 individuals for whom y-glutamy| transferase data was collected. Full sample for NAFLD and NASH
Adjustment included age (continuous), race/ethnicity (non-Hispanic White, non-Hispanic Black, Mexican American, other), high school

education, smoking category (never, former, current), pack years, sedentary lifestyle, BMI (continuous), alcohol consumption (no drinking, >0 but
<1 drink/day, =1 but <2 drinks/day, =2 drinks/day), total cholesterol (continuous)
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Table 3

Hazard ratio (95 % CI) for all-cause and cancer related mortality associated with sex and top quartile of
creatinine-corrected urinary cadmium

Men Women

Mortality <0.65pg/g  =0.65 pglg Pvalue <0.83ng/g =0.83pg/g P value
All cause n=579 n=626 n=399 n=461

Age and race/ethnicity adjusted  1.00 2.24 (1.82-2.74) <0.001  1.00 1.80(1.49-2.12) <0.001

Multivariable adjusted? 1.00 177 (1.41-2.24) <0001  1.00 1.29(1.02-1.62)  0.03
Cancer n=106 n=194 n=105 n=137

Age and race/ethnicity adjusted  1.00 3.68 (2.57-5.22) <0.001  1.00 2.18 (1.57-3.04) <0.001

Multivariable adjusted 1.00 2.43(1.59-3.72) <0.001  1.00 157 (1.10-2.23) 0.01

n number of events

aAdjustment included age (continuous), race/ethnicity (non-Hispanic white, non-Hispanic black, Mexican American, other), high school education,
smoking category (never, former, current), pack years, sedentary lifestyle, BMI (continuous), alcohol consumption (no drinking, >0 but <1 drink/
day, 21 but <2 drinks/day, =2 drinks/day), total cholesterol (continuous)
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