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ABSTRACT
Objectives: Metabolic factors are major risk factors
for non-alcoholic fatty liver disease although other
factors may also contribute to development of fatty
liver disease. We explored the association between
exposure to soil heavy metals and prevalence of fatty
liver disease.
Methods: We retrospectively analysed data from
patients diagnosed with fatty liver disease in 2014 at
the Health Evaluation Centre of Chang-Hua Christian
Hospital (n=1137). We used residency data provided in
the records of the Health Evaluation Centre and data
for soil metal concentrations from a nationwide survey
conducted by the Environmental Protection
Administration of Taiwan. We studied the correlations
between the severity of fatty liver disease and
concentrations of soil heavy metals (arsenic, mercury,
cadmium, chromium, copper, nickel, lead and zinc).
Results: The prevalence of moderate to severe fatty
liver disease in our study was 26.5%. Using univariate
and multivariate analysis, we demonstrated that the
presence of soil heavy metals was a significant risk
factor for fatty liver disease in men (OR 1.83, 95% CI
1.161 to 2.899, p=0.009). With stratification by body
mass index (BMI) and gender, lean men with a BMI
<24 kg/m2 were the most susceptible to soil heavy
metals (OR 5.059, 95% CI 1.628 to 15.728, p<0.05).
Conclusions: Our study suggested a significant
association between exposure to soil heavy metals and
fatty liver disease in lean men.

INTRODUCTION
Viral hepatitis related to chronic hepatitis B
virus or hepatitis C virus infection has been
reported to be the leading cause of liver cir-
rhosis and hepatocellular carcinoma. With a
decrease in the prevalence of viral hepatitis,
fatty liver disease (including alcoholic liver
disease and non-alcoholic fatty liver disease
(NAFLD)) has emerged as an important
cause of chronic liver disease.1 2 In Asia, the
community prevalence of NAFLD was
reported as 15–45%.3 Fatty liver disease is
multifactorial with a complex aetiology

which includes metabolic syndrome (Met-S),
genetic factors, microbiota, etc, and is
regarded as the hepatic manifestation of
Met-S .4 5

In the past decade, a number of studies
have shown deleterious effects of air pollu-
tants on atherosclerotic cardiovascular
disease and chronic obstructive pulmonary
disease.6–8 There are also reports that
ambient pollution, caused by air, soil and
water pollutants, is an important risk factor
for fatty liver disease although most of these
data were obtained from animal models or in
vitro studies.9–12 However, cadmium exposure
was shown to have a significant impact on all
cause mortality and cardiovascular disease,13

and urinary cadmium levels were shown to
correlate with fasting glucose.14 Non-obese
chemical workers exposed to vinyl chloride
were shown to develop insulin resistance and
toxicant associated steatohepatitis,15 while
another study reported that exposure to poly-
chlorinated biphenyls in addition to heavy
metals, such as lead and mercury, was
correlated with an unexplained increase in
alanine aminotransferase levels.16 Furthermore,

Strengths and limitations of this study

▪ This is the first study to demonstrate that the
presence of some soil heavy metals, such as
chromium, nickel and copper, is a significant
risk factor for fatty liver disease in men, espe-
cially in men with a body mass index <24 kg/m2.

▪ In this retrospectively cross sectional study, we
used the database of the Health Evaluation
Centre, a single centre, to link residency data
with the level of soil heavy metal concentrations
provided by the government of Taiwan.

▪ The major limitation of our study was that the
diagnosis and severity of fatty liver disease were
determined by abdominal sonography and not
liver biopsy. The other limitation was that there
were no specimens available to directly measure
levels of heavy metals in urine or serum.
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recent studies have reported a positive association
between exposure to ambient particulate matter and
mortality in patients with diabetes mellitus.17 The correl-
ation between exposure to air pollutants and Met-S has
also been established.18–20 As fatty change in the liver is
regarded as a hepatic manifestation of Met-S, it is reason-
able to hypothesise that there could be a positive associ-
ation between ambient pollution and fatty liver disease.
In this study, we explored the association between

exposure to soil heavy metals and prevalence of fatty
liver disease using a database from a nationwide survey
in Taiwan.

MATERIALS AND METHODS
In this retrospective study, we analysed the database of
the Health Evaluation Centre of Changhua Christian
Hospital (CCH), a tertiary referral hospital in central
Taiwan. A total of 1143 individuals received conventional
transabdominal sonography during their health evalua-
tions between 6 January 2014 and 31 December 2014.
Individuals younger than 20 years old and those with
missing data in their profiles were excluded. We also
excluded individuals with a drug history of total paren-
teral nutrition, or long term use of oestrogens, tamoxi-
fen, amiodarone, sodium valproate, methotrexate or
corticosteroids to reduce confounding factors. Of the
1137 individuals who were enrolled in the final analysis,
67.22% lived in Changhua County, and 32.78% came
from different areas in Taiwan. All data were anon-
ymised, and the study protocol was approved by the insti-
tutional review board of the hospital before the database
was accessed (IRB No 150419).

Study method
Transabdominal sonography is the method of choice to
diagnose fatty liver disease worldwide due to its accessi-
bility and convenience. We used the transabdominal
sonography data to evaluate hepatic steatosis with a trad-
itional scoring system, which includes six main criteria:
parenchymal brightness, liver to kidney contrast, deep
beam attenuation, bright vessel walls and gallbladder
wall definition. Based on the score, we classified the
severity of fatty liver disease as follows: (1) negative
(0 points); (2) mild (1 or 2 points); (3) moderate (3 or
4 points); and severe (5 or 6 points). We analysed all the
factors which may lead to fatty liver disease.
The residential township of each individual was

accessed from the database of the Health Evaluation
Centre of the CCH. To clarify the association between
fatty liver disease and exposure to heavy metals, we cor-
related the severity of fatty liver disease of each patient
with the level of heavy metals in the soil of his/her resi-
dential township. The Soil Heavy Metal Spatial
Distribution is based on the Environment Resource
Database, established by the Taiwan Environmental
Protection Administration (EPA).21 The data for heavy
metal concentrations (HMCs) in the surface farm soils

(0∼15 cm) were obtained from a national survey in
Taiwan.11 The survey included the following eight
metals: arsenic (As), mercury (Hg), cadmium (Cd),
chromium (Cr), copper (Cu), nickel (Ni), lead (Pb)
and zinc (Zn).13 The total concentrations of extractable
As and Hg in the soil were measured using the aqua
regia method, while concentrations of the other six
heavy metals were retrieved using the 0.1 N HCl extrac-
tion method.
In Taiwan, heavy metal pollution, especially Ni, Cr and

Cd, has been largely due to the fast growing number of
electroplating factories in the 1970s. The EPA started a
comprehensive investigation of metal concentrations in
farm soil in the 1980s. Samples were taken from a
network of geographically distributed sites. Most of the
sampling units are from grid cell sizes of 1600 ha or less.
The populated residency areas with higher concentra-
tions were further divided into 25 ha and 1 ha.22 We
obtained a value which represented the metal concentra-
tion in a certain township/precinct by averaging the
results of different samples within the same township/
precinct. After excluding a few alpine areas with very
small populations and a few metropolitan areas with very
few farms, we obtained data for a total of 316 townships/
precincts which had measurement data for metal
concentrations.
In this study, we used the concentration data based on

the average of the measurements in the past 30 years. As
most of the patients in the study were native local
people over 30 years old, they had a similar exposure
duration of more than 30 years. Therefore, their accu-
mulated exposure to the metals was proportional to the
concentration level used in our analysis.

Definitions of variables
For the purposes of this analysis, the severity of fatty liver
disease was categorised as normal (negative or mild) or
abnormal (moderate or severe). The categorised risk
factors used in the analysis included age (cut-off points
<50, 50–65, 65+), gender (women/men), body mass
index (BMI) (cut-off points <24, 24–27, 27+), metabolic
factors (defined as shown in reference), Met-S (yes/no),
glutamic-pyruvic transaminase/alanine aminotransferase
(cut-off 40 U/L), glutamic oxaloacetic transaminase/
aspartate aminotransferase (cut-off 41 U/L), glutamic
acid transferase (cut-off 50 U/L), low density lipoprotein
cholesterol (cut-off 130 mg/dL), hepatitis B surface
antigen (yes/no), anti-hepatitis C virus (yes/no), cre-
atinine (cut-off: men 1.2 mg/dL; women1.0 mg/dL),
bilirubin (cut-off 1.2 mg/dL), smoking (yes/no),
alcohol consumption (yes/no), betel nuts use (yes/no)
and heavy metal exposure (yes/no). Met-S, according to
the ATPIII definition of 2004, has five risk factors:
central obesity (waist), hypertension, high density
lipoprotein cholesterol, fasting glucose (AC sugar) and
triglycerides. All of these risk factors are significantly
associated with the degree of fatty liver disease
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(p<0.001), and a diagnosis of Met-S is made when three
of the five risk factors are present.
The Deprivation Index score, a continuous variable

which represents the socioeconomic status of a township,
is comprised of the proportion of elementary
occupations and the school dropout rate of students
aged 15–17 years. The Deprivation Index score was
obtained from the population and housing census data
from the year 2000 from the Survey Research Data
Archive, Academia Sinica, Taiwan.23 Based on the EPA’s
five category classification system for HMC, levels 1 and
2 represent no soil heavy metal pollution, level 3
represents background concentration, and levels 4 and 5
represent a level of pollution for which intensive
monitoring and remedial action are needed. In this
study, we used the dichotomous variable by combining
levels 1–3 as non-polluted and levels 4–5 as polluted.

Statistical methods
Patient characteristics and dichotomising biochemistry
results from laboratory data are presented as percen-
tages. We used the χ2 test for categorical comparisons of
data. Logistic regression analysis was performed to assess
the association between ambient heavy metal exposure
and fatty liver events. Confounders, including age,
sex, BMI, Met-S, smoking, alcohol consumption and
Deprivation Index score, were adjusted in multivariate
logistic analysis to estimate OR and 95% CI. Multivariate
logistic analysis stratified by gender as well as by BMI cat-
egory was performed to explore the association between
gender, BMI and fatty liver disease. All statistical analyses
were performed with the SAS statistical package (V.9.4
for Windows; SAS Institute, Cary, North Carolina, USA).

RESULTS
The distribution of patient demographics and clinical
characteristics of the 1137 patients are presented in
table 1. Mean age of the study patients was 50.72
±0.35 years (50.91±0.52 years for men and 50.56±0.49 years
for women). About 26.5% of patients (301 of 1137) were
classified as having moderate or severe fatty liver disease,
and the rest were classified as mild (254) or negative (582)
for fatty liver disease. A total of 74% of patients (842 of
1137) had at least one metabolic factor. Heavy metal
exposure was documented in 56.48% of patients in the
moderate or severe fatty liver group, and in 52.51% of
patients in the negative or mild fatty liver group.

Association of heavy metal exposure and fatty liver
disease in men
Gender, BMI, Met-S, glutamic-pyruvic transaminase, glu-
tamic oxaloacetic transaminase, glutamic acid transfer-
ase, low density lipoprotein cholesterol, smoking,
alcohol consumption and all metabolic factors were asso-
ciated with fatty liver disease (table 1). Severe fatty
disease was documented in 32% of men (198/620) and
in 20% of women (103/517). Men were significantly

more likely to have severe fatty liver disease compared
with women (p<0.001). Multivariate logistic regression
analysis showed that BMI and Met-S were significantly
associated with severe fatty liver disease in both men and
women (both p<0.001).
Heavy metal exposure was significantly associated with

fatty liver disease in men (OR (95% CI) 1.834 (1.161 to
2.899), p=0.009) but not in women (OR (95% CI) 1.058
(0.572 to 1.955), p=0.858) (table 2). The classification of
heavy metal levels by the EPA was based on the concentra-
tions of the eight metals mentioned above. To explore
the association of each metal with the risk of fatty liver
disease, we used the concentration of each metal to
replace the EPA’s classification on metal, along with the
other factors in table 2 for men. The adjusted OR of each
metal showed a significant association for Cr, Ni and Cu
in men, with ORs of 1.063, 1.049 and 1.015, respectively
(figure 1). Note that due to the high correlation among
the metal concentration variables, two or more metals
cannot be included in a model simultaneously, as this
may cause severe variance inflation in regression.

Association between heavy metal exposure and fatty liver
disease in lean men
Based on previous findings that lean individuals may
also have fatty liver disease, we explored the role of BMI
and gender in fatty liver disease. To perform separate
logistic regression analyses, we stratified study patients
into three BMI categories using the classification system
suggested by the Ministry of Health and Welfare, Taiwan.
The cut-off values for BMI recommended by our govern-
ment are based on the study ‘Body mass index and
obesity-related metabolic disorders in Taiwanese and US
whites and blacks: implications for definitions of over-
weight and obesity for Asians’, published by the
American Journal of Clinical Nutrition in 2004.24 These
cut-off values were chosen because they are believed to
be more suitable for residents of Taiwan. Patients were
grouped as BMI <24 (lean individuals), 24≤ BMI ≤27
(overweight) and BMI >27 (obese). Our results showed
that exposure to high levels of heavy metals and severe
deprivation significantly increased the severity of fatty
liver disease in lean individuals, with OR (95% CI) of
2.432 (1.088 to 5.435, p=0.030) and 1.324 (1.004 to
1.747, p=0.047), respectively (table 3). Metabolic syn-
drome increased the severity of fatty liver disease in indi-
viduals with 24≤ BMI ≤27 and BMI >27, with OR (95%
CI) of 2.912 (1.692 to 5.011, p<0.001) and 3.425 (1.667
to 7.040, p<0.001), respectively. When patients were
further divided by gender, exposure to high levels of
heavy metals significantly increased the severity of fatty
liver disease in lean men, with adjusted OR up to 5.059
(95% CI 1.628 to 15.728, p<0.05) (figure 2).

DISCUSSION
The prevalence of NAFLD in western countries is
estimated to be about 30%, whereas non-alcoholic
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steatohepatitis affects 3–5% of the population.25–27 In
fact, non-alcoholic steatohepatitis is now the second
leading cause of liver transplantation in the USA. In
Asia, the prevalence of fatty liver disease has also shown
an upward trend over the past decade; the community
prevalence of NAFLD was reported to be approximately
20% in China, 27% in Hong Kong, and 15–45% in
South Asia, South-East Asia, Korea, Japan and Taiwan.3

The prevalence of fatty liver disease (moderate to
severe) in our cohort was 26.5%, suggesting that the
prevalence of fatty liver disease in Taiwan is comparable
with that in western countries and other Asian countries.

Obesity, diabetes mellitus, hyperlipidaemia, alcohol
and drugs have been shown to be risk factors for fatty
liver disease.28 However, a diagnosis of fatty liver disease
in the absence of these risk factors has suggested the
role of additional risk factors, including genetic factors
such as the PNPLA3 I148M and TM6SF2 E167K var-
iants,28 29 an increase in body weight, distribution of
body fat, high cholesterol diet,30 microbiota and even
environmental factors (ie, air pollution or heavy
metals).9–12 In recent years, the term ‘toxicant associated
steatohepatitis (TASH)’ has been used to describe fatty
liver disease unrelated to obesity or alcohol intake.15 31

Table 1 Demographic and clinical characteristics of 1137 patients stratified by the degree of fatty liver disease

Degree of fatty liver disease

Negative/mild Moderate/severe p Value

Age (years) 50.14±12.27* 52.34±11.48

<50 (n (%)) 393 (47.01) 124 (41.20) 0.051

50–65 (n (%)) 346 (41.39) 127 (42.19)

65+ (n (%)) 97 (11.60) 50 (16.61)

Gender (n (%))

Female 414 (49.52) 103 (34.22) <0.001†

Male 422 (50.48) 198 (65.78)

BMI (kg/m2) 23.23±2.94 26.75±3.44

<24 (n (%)) 528 (63.16) 56 (18.60) <0.001†

24–27 (n (%)) 220 (26.32) 114 (37.87)

27+ (n (%)) 88 (10.53) 131 (43.52)

Metabolic factors (n (%))‡

Central obesity (waist) 155 (47.26) 173 (52.74) <0.001†

Hypertension 301 (64.59) 165 (35.41) <0.001†

HDL cholesterol 270 (62.50) 162 (37.50) <0.001†

Fasting glucose 171 (52.13) 157 (47.87) <0.001†

Triglyceride 218 (61.24) 138 (38.76) <0.001†

Met-S§ (n (%)) 143 (17.11) 168 (55.81) <0.001†

HBsAg ≥0.05 IU/mL (n (%)) 68 (9.25) 14 (5.60) 0.071

Anti-HCV reactive (n (%)) 25 (3.01) 5 (1.69) 0.226

GPT (U/L) 24.36±17.64 37.27±24.48

>40 U/L (n (%)) 69 (9.03) 94 (46.53) <0.001†

GOT (U/L) 24.47±10.53 31.13±27.35

>41 U/L (n (%)) 29 (3.48) 27 (9.12) <0.001†

r-GT (U/L) 23.54±28.68 38.76±57.53

>50 U/L (n (%)) 53 (6.31) 46 (15.28) <0.001†

LDL cholesterol (mg/dL) 116.45±32.10 125.12±33.22

>130 mg/dL (n (%)) 265 (31.77) 136 (45.48) <0.001†

Creatinine (mg/dL) 0.80±0.39 0.82±0.20

Male >1.2 mg/dL; female >1.0 mg/dL (n (%)) 27 (3.35) 12 (4.2) 0.510

Bilirubin T (mg/dL) 1.05±0.41 1.04±0.35

>1.2 mg/dL (n (%)) 222 (26.56) 78 (25.91) 0.829

Smoking (n (%)) 130 (15.76) 64 (21.69) 0.021†

Alcohol consumption (n (%)) 166 (20.24) 80 (27.30) 0.012†

Betel nuts user (n (%)) 25 (3.06) 13 (4.45) 0.262

Heavy metal exposure¶ (n (%)) 439 (52.51) 170 (56.48) 0.237†

*Mean±SD.
†χ2 test, p value <0.05.
‡Metabolic factors are defined in the online supplementary appendix.
§Met-S, metabolic syndrome, according to the definition of ATPIII 2004.
¶Heavy metal exposure: used the dichotomous variable by combining levels 1–3 as non-polluted and levels 4–5 as polluted, based on data
from the Environmental Protection Administration, Taiwan.
BMI, body mass index; GPT, glutamic-pyruvic transaminase; GOT, glutamic oxaloacetic transaminase; HBsAg, hepatitis B surface antigen;
HCV, hepatitis C virus; HDL, high density lipoprotein; LDL, low density lipoprotein; r-GT, glutamic acid transferase.
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Patients with toxicant associated fatty liver disease may
have low body fat mass and no insulin resistance, sug-
gesting a different pathway underlying the onset of fatty
liver disease.
To the best of our knowledge, our study is the first to

demonstrate that the presence of soil heavy metals is a
significant risk factor for fatty liver disease in men, espe-
cially in men with a BMI <24. On the other hand, Met-S
is a significant risk factor for fatty liver disease in over-
weight and obese subjects, regardless of gender. In our
study, we used sonography data to demonstrate that the
concentration of heavy metals in farm soil was associated
with the severity of fatty liver disease. Farm soil can be
regarded as both an emitter and a receiver of environ-
mental toxins. As an emitter, the soil may release toxins
to affect crops, groundwater and air; as a receiver, it
reflects the amount of toxin residuals which settle onto
the soil, regardless of whether these originated in the air

or water. The HMC in farm soil is therefore a reliable
representation of the amount of heavy metal present in
the environment, and of the risk of exposure to the resi-
dents in the vicinity.32

Soil HMCs have been shown to be highly correlated
with the concentration of heavy metals in human blood
or urine in many studies conducted from 1998 to 2006,
and people who live in areas with high concentrations of
soil heavy metals have higher concentrations of serum
or urinary heavy metal compared with people who live
in areas where the soil HMC is low.33–35 In other words,
environmental heavy metals have been linked to the
concentration of heavy metals in human blood or urine.
Based on this evidences, the positive relation of soil
heavy metals with fatty liver disease in this study could
be interpreted as the impact of heavy metals on liver
tissue from the perspective of public health.
The significant association between the severity of fatty

liver disease and the level of metal pollution in table 2,
and the significant ORs for Cr, Ni and Cu in figure 1,
support previous reports showing that the most common
pollutants in water discharged from factories include Ni,
Cr, Cu and Zn.
Patients with diabetes mellitus are thought to benefit

from Cr supplementation.36 However, Cr has two
common oxidation states, Cr (III) and Cr (VI). Cr (VI)
is more hazardous than Cr (III), and is more often a
pollutant emitted by different factories. Although the
EPA does not differentiate the two forms, it is known37

that Cr (III) can be oxidised to Cr (VI) by manganese
oxide in soil, and Cr (VI) can be deoxidised to Cr (III)
similarly. The concentrations of Cr (III) and Cr (VI) are
highly correlated in Cr (IV) polluted soil.
In this study, the OR for heavy metals in lean men was

up to 5.059 while the same trend was not observed in
women. This gender difference was also observed in
patients with chronic kidney disease.38 One hypothesis is

Table 2 Multivariate logistic regression analysis for fatty liver stratified by gender

Men (n=620) Women (n=517)

OR 95% CI p Value OR 95% CI p Value

Age

<50 1.000 1.000

50–65 0.784 0.509 to 1.207 0.269 1.429 0.766 to 2.667 0.262

65+ 0.833 0.437 to 1.587 0.578 2.783 1.308 to 5.925 0.008

BMI

<24 0.327 0.199 to 0.536 <0.001 0.193 0.103 to 0.360 <0.001

24–27 1.000 1.000

27+ 2.191 1.346 to 3.565 0.002 1.561 0.787 to 3.096 0.202

Met-S 2.653 1.688 to 4.169 <0.001 3.885 2.190 to 6.894 <0.001

Smoking 1.064 0.672 to 1.686 0.791 0.536 0.059 to 4.846 0.579

Alcohol consumption 1.084 0.708 to 1.659 0.710 2.129 0.574 to 7.899 0.259

Deprivation 1.140 0.973 to 1.336 0.105 1.033 0.825 to 1.293 0.777

Heavy metal exposure 1.834 1.161 to 2.899 0.009 1.058 0.572 to 1.955 0.858

Heavy metal exposure: used the dichotomous variable by collapsing level 1-3 as non-polluted and level 4-5 as polluted, based on data from
the Environmental Protection Administration, Taiwan.
BMI, body mass index; Met-S, metabolic syndrome, according to the definition of ATPIII 2004.

Figure 1 Adjusted OR of soil heavy metals in fatty liver

disease in men. Adjusted OR (95% CI) was calculated using

the concentration of each metal. Note that Cr, Ni and Cu

showed a significant relationship with fatty liver disease. Cr,

chromium; Cu, copper; Ni, nickel; Pb, lead; Zn, zinc.
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that sex hormones, such as oestrogen, have anti-
inflammatory and immunomodulatory effects and could
function as a protective factor by reducing oxidative stress
and preventing the progression to fatty liver. This is evi-
denced by the high frequency of newly developed fatty
liver disease after the use of tamoxifen by patients with
breast cancer.39 On the other hand, anabolic androgenic
steroids have been reported to be possible new risk
factors for TASH, and the gender difference may be due
to the protective effect of oestrogen and the toxic effect
of androgens. Finally, based on the different trends
among the different BMI groups shown in table 3 and
figure 2, we suggest that the effect of the heavy metals
could be masked by metabolic factors in the overweight

or obese groups. Furthermore, as body fat itself has a
favourable effect on higher metabolic reserves
and sequestration of toxin, it is possible that the effect of
heavy metals can only be observed in lean individuals.38 40

In summary, soil heavy metals are significantly
correlated with fatty liver disease, especially in lean men.
The best way to explain this phenomenon is that
because several competing factors, including obesity and
Met-S, which were identified in this cohort, could
mask the effect of soil heavy metals, and a protective
effect of oestrogen may be present in women, the contri-
bution of heavy metal exposure may be best identified
in this lean male subgroup due to the absence of those
confounders.

Limitations
Our study had several limitations. Firstly, some covariates
(eg, alcohol consumption, smoker or non-smoker) were
self-reported, and it was difficult to obtain a precise drug
history from the record; thus recall bias is inevitable.
However, as our goal was to determine the effect of soil
heavy metals on fatty liver disease, this bias should have
had no effect on the statistical results. In fact, most of
our subjects who had a history of alcohol consumption
were light drinkers. Secondly, the severity of fatty liver
disease was evaluated by abdominal sonography and not
liver biopsy, and it is not clear whether the fatty change
in the liver reflected ‘true fatty liver’ or deposition of
heavy metals in liver parenchyma. Interestingly, using
the newly developed Framingham Steatosis Index, which
is an alternative evaluation tool for fatty liver disease, we
found that heavy metal exposure was also positively cor-
related with the Framingham Steatosis Index in men
with a BMI <24, making our result more convincing.41

Thirdly, as the three metals significantly associated with
fatty liver were highly correlated, it is not possible to
determine which heavy metal plays the most important
role in the development of fatty liver disease.

Table 3 Multivariate logistic regression analysis for fatty liver stratified by body mass index

BMI <24 (n=584) 24≤ BMI <27 (n=334) BMI ≥27 (n=219)

OR 95% CI

p

Value OR 95% CI

p

Value OR 95% CI

p

Value

Age

<50 1.000 – – 1.000 – – 1.000 – –

50–65 1.908 0.915 to 3.979 0.085 0.956 0.532 to 1.719 0.881 0.578 0.279 to 1.198 0.141

65+ 0.969 0.293 to 3.203 0.959 1.357 0.638 to 2.885 0.428 0.904 0.291 to 2.808 0.862

Gender, male 2.232 1.055 to 4.723 0.036 1.074 0.596 to 1.935 0.812 2.234 1.027 to 4.862 0.043

Met-S 2.375 0.933 to 6.047 0.070 2.912 1.692 to 5.011 <0.001 3.425 1.667 to 7.04 <0.001

Smoking 0.913 0.326 to 2.561 0.863 0.995 0.466 to 2.122 0.989 0.565 0.242 to 1.322 0.188

Alcohol consumption 1.152 0.452 to 2.938 0.767 1.242 0.633 to 2.437 0.529 0.975 0.427 to 2.229 0.953

Deprivation 1.324 1.004 to 1.747 0.047 1.121 0.907 to 1.385 0.291 1.028 0.793 to 1.331 0.836

Heavy metal

exposure

2.432 1.088 to 5.435 0.030 1.124 0.623 to 2.029 0.699 1.404 0.656 to 3.007 0.382

Heavy metal exposure: used the dichotomous variable by combining levels 1–3 as non-polluted and levels 4–5 as polluted, based on data
from the Environmental Protection Administration, Taiwan.
BMI, body mass index; Met-S, metabolic syndrome, according to the definition of ATPIII 2004.

Figure 2 Adjusted OR of soil heavy metals in fatty liver

disease by both gender and body mass index (BMI). When

we further divided subjects by gender and BMI, the data

suggested that exposure to high levels of heavy metals

increased the severity of fatty liver disease only in lean males,

with adjusted OR up to 5.059 (95% CI 1.628 to 15.728;

p<0.05).
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Furthermore, our study subjects received health eva-
luations at the CCH, and most were employees of the
company. Employers must provide health examinations
to employees under the Taiwanese law ‘Labour Safety
and Health Act’. Hence our study subjects were highly
representative of the general population. Although some
of our study subjects came from different areas in
Taiwan, more than half (67.22%) resided in Changhua
County. The ethnic distribution (Chinese and aboriginal
ratio) and other factors such as prevalence of smoking
and deprivation in Changhua County rank in the
middle among the 23 counties in Taiwan, making the
study sample highly representative of the general popu-
lation of Taiwan. However, as the majority of Taiwan’s
population is of Chinese ethnicity, the findings of this
study may not be applicable to populations of other
ethnic backgrounds, and further studies with larger
sample sizes should be conducted in the future.

CONCLUSION
Our results suggested that higher exposure to soil heavy
metals was associated with a higher severity of fatty
change in men. The risk was higher in men with a BMI
<24. Among the heavy metals, Cr, Ni and Cu were highly
correlated with fatty liver disease. According to this
study, we need to be aware of the possibility of exposure
to environmental heavy metals in lean men with unex-
plained fatty liver disease.
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