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Abstract

Background: Selenium is an essential trace element that shows beneficial or adverse health
effects depending on the dose. Laboratory studies suggest that high selenium may contribute to the
development of non-alcoholic fatty liver disease (NAFLD). However, human evidence is limited.
We evaluated the associations of serum selenium level with serum alanine aminotransferase (ALT)
activity and suspected NAFLD prevalence in U.S. adults.

Methods: We conducted the cross-sectional analysis in 3,827 adults aged 20 years and older
without viral hepatitis, hemochromatosis, or alcoholic liver disease who participated in the
National Health and Nutrition Examination Survey (NHANES) 2011-2012, 2013-2014, and
2015-2016. Serum selenium was measured using inductively coupled plasma dynamic reaction
cell mass spectrometry. Suspected NAFLD cases were defined in the presence of serum ALT > 30
international units (IU)/L in men and > 19 I.U./L in women in the absence of other identifiable
causes of liver disease.

Results: The median (interquartile range) of serum selenium level was 127.9 (117.9, 139.4)
ug/L. Non-linear associations of serum selenium with NAFLD prevalence and serum ALT activity
were observed in the generalized additive models with penalized splines. After adjustment for
sociodemographic variables, lifestyle factors, body mass index, and NHANES survey cycles,
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positive associations were found at > ~130 ug/L serum selenium with both NAFLD and ALT,
whereas the associations were flattened at < ~130 pg/L.

Conclusions: Our findings provide evidence of non-linear associations of serum selenium with
ALT activity and NAFLD prevalence. In particular, positive associations were found above serum
selenium level of 130 pg/L, whereas no association was observed below this value. This finding
requires confirmation in future prospective cohort studies.
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1.

Introduction

Non-alcoholic fatty liver disease (NAFLD) has become a significant health concern, and its
prevalence has markedly increased globally over recent decades (Mitra et al., 2020). NAFLD
is currently the most common liver disease affecting approximately 2 billion people
(prevalence of 25%) in the world (Younossi et al., 2018). It is characterized by excessive
accumulation of lipids in the liver in the absence of alcohol abuse and may further progress
to more advanced non-alcoholic steatohepatitis, fibrosis, cirrhosis, and eventually
hepatocellular carcinoma (Vernon et al., 2011). NAFLD has been found more prevalent in
obesity, insulin resistance, type 2 diabetes, while its cause is still largely unknown (Mitra et
al., 2020). Serum alanine aminotransferase (ALT) is a widely used biomarker for liver
injury, and its elevation not attributed to excessive alcohol consumption or viral hepatitis has
been used as a biomarker for NAFLD (Hadizadeh et al., 2017). Epidemiologic studies have
suggested that increased caloric intake and a sedentary lifestyle are important risk factors of
NAFLD (Mitra et al., 2020). The potential contributions of environmental factors to the
epidemic of NAFLD have received less attention.

Selenium is an essential element that plays an important role in redox homeostasis, thyroid
hormone metabolism, and defense against oxidative stress and inflammation (Vinceti et al.,
2018b). Acquiring from the diet, selenium is rich in organ meats and seafood, followed by
grain, cereals, and dairy products (Rayman, 2008). The average dietary intake of selenium
for U.S. adults ranges from 93 to 151 pg/day, which is well above the recommended dietary
allowance (RDA) of 55 pg/day by the Institute of Medicine (U.S.) (Institute of Medicine,
2000) and 26 pg/day in males and 34 ug/day in females by the World Health Organization
(World Health Organization, 2004). The general population can also be exposed to selenium
in cigarette smoking, ambient air, soil, and drinking water (Vinceti et al., 2018b).
Epidemiologic studies have shown both beneficial and adverse health effects of selenium
depending on its dose (Vinceti et al., 2018b). These findings suggest that both abnormally
low and high intake of this trace element should be avoided. However, the reference levels of
selenium intake still lack consensus due to limited epidemiologic evidence about the dose-
response relationship between selenium and specific health outcomes (Vinceti et al., 2018b).

Growing evidence from recent observational studies and randomized clinical trials highlights
possible adverse cardio-metabolic effects of high selenium exposure, particularly
hypertension, dyslipidemia, and type 2 diabetes (Berthold et al., 2012; Christensen et al.,
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2015; Stranges et al., 2010; Vinceti et al., 2018a). Biologically, selenium can contribute to
the development of NAFLD. In animal models, selenium treatment impairs insulin
responsiveness and disrupts lipid profiles, despite its insulin-like and antioxidant properties
(Flrnsinn et al., 1996; Zhao et al., 2016). However, only a few epidemiologic studies have
explored the associations between selenium and NAFLD and yield inconsistent findings
(Longnecker et al., 1991; Loomba et al., 2020; Wu et al., 2020; Yang et al., 2016).
Furthermore, the relationship between selenium and NAFLD remains unknown in the U.S.
general population with a high average selenium intake. The objective of this study was to
examine the associations of serum selenium level with serum ALT activity and the
prevalence of NAFLD using the National Health and Nutrition Examination Survey
(NHANES) collected in 2011-2016.

Materials and Methods

2.1 Study Population

The study sample consists of 3 continuous cycles (2011-2012, 2013-2014, and 2015-2016)
of the NHANES, which was designed for providing a representative sample of the civilian,
non-institutionalized U.S. population using a stratified, multistage probability cluster design
(CDC/NCHS, 2018). All data and materials have been made publicly available at the
National Center for Health Statistics website (https://www.cdc.gov/nchs/nhanes/index.htm).
The protocols for NHANES were approved by the National Center for Health Statistics of
the Centers for Disease Control and Prevention Institutional Review Board, and informed
consent was obtained from all participants.

The participants were 5,085 adults aged 20 years or older who had both serum selenium
levels and ALT activity measured. For this analysis, we excluded participants who had
positive serum hepatitis B surface antigen or positive serum hepatitis C antibody, or with
elevated transferrin saturation (> 60% for men and > 50% for women), or with high alcohol
consumption (=20 g/day for men and =10 g/day for women) (n=819) given that a high serum
ALT in these participants may be due to other identifiable causes of liver disease (Cave et
al., 2010). We further excluded participants with missing information on key covariates
(n=439), leaving a total of 3,827 participants for the current study (Figure S1).

2.2 Serum selenium levels

Serum selenium was measured at the Environmental Health Sciences Laboratory of the CDC
National Center for Environmental Health using the inductively coupled plasma dynamic
reaction cell mass spectrometry following extensive quality control procedures (CDC/
NCHS, 2018). The limit of detection (LOD) for serum selenium was 4.5 pg/dL. Of all
participants in our analysis, 7.3% had serum selenium levels below the LOD. Serum
selenium levels below the LOD were assigned with the LOD divided by the square root of 2.

2.3 NAFLD assessment

Suspected NAFLD cases were ascertained based on serum ALT that has been commonly
used as a screening test and monitoring biomarker for NAFLD (Hadizadeh et al., 2017).
Serum ALT activity was measured using the kinetic rate method on the Beckman UniCel
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DxC800 Synchron (Beckman Coulter, Brea, CA). NAFLD status was assumed in the
presence of serum ALT activity > 30 international units (IU)/L in men and > 19 I.U./L in
women in the absence of other identifiable causes of liver disease (Prati et al., 2002).

2.4 Covariates

Information on age, sex, race/ethnicity (Hispanic including Mexican American and other
Hispanic, non-Hispanic White, non-Hispanic Black, non-Hispanic Asians, and others),
education, poverty-income ratio (PIR), and smoking status were collected using self-
administered questionnaires. Education was categorized into less than high school, high
school graduate or equivalent, some college or associate degree, and college graduate or
above. PIR was dichotomized at a cutoff of 1 where a value below 1 indicates that the family
is living below the poverty threshold. Smoking status was categorized into self-reported
current smokers, former smokers, or never smokers. Height was measured to nearest 0.1 cm,
and body weight was measured to the nearest 0.1 kg at a mobile examination center by
trained health technicians. Body mass index (BMI) was calculated as weight in kilograms
divided by the square of height in meters. Dietary selenium intake was measured via 24-hour
dietary recall interviews.

2.5 Statistical analysis

All analyses were performed accounting for the complex survey design using the appropriate
subsample weights, strata, and primary sampling units per NHANES recommendation
(CDC/NCHS, 2018). We used survey-weighted linear regression to evaluate the association
between serum selenium level and ALT activity. Logarithmic transformation with natural
base was applied to ALT given the highly skewed distribution. We used survey weight
logistic regression to assess the association between serum selenium level and prevalence of
NAFLD. We evaluated the associations using the quintiles of serum selenium levels,
considering the possible non-linear associations. Tests for linear trend were calculated by
including serum selenium quintiles as a continuous variable in the models. To further
explore the shape of the relationship between serum selenium and NAFLD, we used the
generalized additive model (GAM) with penalized splines, in which logarithmic
transformation with base 2 was applied to selenium level given the right-skewed distribution.
Potential confounders were adjusted progressively in the regression models. Initial
regression models included adjustment for age, sex, race/ethnicity, and NHANES survey
cycles, while the full models subsequently adjusted for education, PIR, BMI, smoking
status, and alcohol consumption. Finally, we examined the possible effect modifications by
age (20-39 years vs. 40 years and older) and sex on the association between serum selenium
and NAFLD by stratification analysis. We chose the age cut-off of 40 years, given existing
evidence of a significant increase in NAFLD risk in age 40 years and older (Gan et al.,
2011).

Several sensitivity analyses were performed to evaluate the robustness of our primary
findings. First, we fit the generalized additive model (GAM) with penalized splines in a
subpopulation with dietary selenium intake > 55 ug/day, which is the highest RDA
allowance in the U.S. (7). Second, we additionally adjusted for homeostatic model
assessments for insulin resistance (HOMA-IR) in a subpopulation of 1,799 participants who

Environ Res. Author manuscript; available in PMC 2022 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wang et al.

Page 5

had their fasting plasma glucose and insulin levels measured. HOMA-IR was calculated
according to the following equation: [insulin (uU/mL) x glucose (mmol/L)]/22.5 (Matthews
et al., 1985). We did not include HOMA-IR in our primary analysis in case of
overadjustment bias because of its role as a risk factor of NAFLD and the fact that it could
be affected by selenium levels (Firnsinn et al., 1996; Utzschneider and Kahn, 2006). Third,
we additionally adjusted for urinary arsenic level because of its potential role as a risk factor
of NAFLD and shared dietary sources with selenium in a subpopulation of 3,750
participants after excluding missing information on arsenic level (Frediani et al., 2018; Wang
et al., 2020a, 2020b). Finally, we additionally adjusted for pregnancy status, given an
additional recommendation of selenium supplementation for pregnant women (Institute of
Medicine, 2000). All analyses were conducted by SAS, version 9.4 (SAS Institute, Inc.,
Cary, North Carolina). Sampling weight-applied smoothing plots were created using the
GAM function with penalized spline in the ‘“MGCV’ package in R (version 4.0.2, www.R-
proiect.org).

3. Results

Survey-weighted characteristics of the study population are summarized in Table 1. The
mean (standard error, SE) age of the study participants was 47.5 (0.5) years, and 53.1% were
females. Of 3,827 participants, 1,319 were identified suspected NAFLD cases (sample-
weighted prevalence = 35.7%). Participants with NAFLD were more likely to be female,
Hispanic, and had higher BMI. Medians (interquartile range, IQR) of serum selenium levels
were 127.9 (117.9, 139.4) pg/L, 127.2 (117.7, 138.9) pg/L, and 129.4 (118.3, 140.5) pg/L in
total population, participants without NAFLD, and participants with NAFLD, respectively.

The association between serum selenium levels and ALT activity is presented in Table 2.
After multivariable adjustments for age, sex, race/ethnicity, NHANES survey cycles,
education, poverty-income-ratio, BMI, smoking, and alcohol consumption, participants in
the highest quintile of serum selenium (142.5-297.9 ug/L), on average, had a 9.25% (95%
Cl: 2.23%, 16.76%) and a 12.24% (95% CI: 5.83%, 19.04%) higher serum ALT activity,
compared to the participants in the first (58.1-114.9 pg/L) and second (115.0-123.6 pg/L)
lowest quintiles, respectively (P-trend=0.0003). In the flexible dose-response analysis based
on the GAM with penalized splines in both initial and full models, a non-linear association
between selenium and ALT was observed (Figure 1, Figure S2). A positive association was
found at > ~130 pg/L serum selenium (log,-transformed serum selenium > ~7.0), whereas
the association was flattened at < ~130 pg/L serum selenium.

Table 3 summarizes the associations between serum selenium level and NAFLD prevalence.
After full adjustment for covariates, the ORs for NAFLD comparing the highest selenium
quintile with the first and second lowest quintiles were 1.36 (95% CI: 1.00, 1.88) and 1.64
(95% ClI: 1.223 2.19), respectively (P-trend=0.02). A similar non-linear association between
selenium and NAFLD was observed in the GAM with penalized splines (Figure 2, Figure
S3). A positive association was found at > ~130 pg/L serum selenium (logp-transformed
serum selenium > ~7.0); in contrast, no association was observed at < ~130 pg/L serum
selenium. No significant difference in the association between serum selenium and NAFLD
was found in the stratification analysis by age (Figure S4) and sex (Figure S5).
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In the sensitivity analysis, associations of serum selenium with ALT and NAFLD were
evaluated in a subpopulation of 3,497 (91.3%) participants with dietary selenium intake > 55
pg/day. Similar associations were observed in GAMs (Figure S6, Figure S7) as those in the
primary analyses. In the sensitivity analysis of 1,799 participants with HOMA-IR available,
associations of serum selenium with ALT and NAFLD after further adjustment of with
HOMA-IR were also similar as observed in the primary analyses (Figure S8, Figure S9). In
the sensitivity analysis of 3,750 participants with urinary arsenic level measured, additional
adjustment for arsenic did not alter the associations (Figure S10, Figure S11). In the
sensitivity analysis, after further adjusting for pregnancy status (35 pregnant women in our
study), similar associations were observed in GAMs (Figure S12, Figure S13) as those in the
primary analyses.

4. Discussion

Our study investigated the association between serum selenium level and NAFLD in U.S.
adults using nationally representative data. We found non-linear associations of serum
selenium with serum ALT activity and NAFLD prevalence after adjusting for
sociodemographic variables, lifestyle factors, and BMI. Below ~ 130 pg/L, we did not have
enough evidence suggesting associations of serum selenium with ALT and NAFLD. We
observed positive associations above 130 pg/L. This study is the first to investigate the
association between serum selenium and NAFLD in the U.S.

Selenium is an essential nutrient for human health, with a narrow range between essentiality
and toxicity (Rayman, 2012). U.S. adults are considered a population with adequate
selenium status (F. Combs, Jr., 2015). Despite the nutritional benefits, selenium
supplementation has been a growing concern, especially given the termination of the
Selenium and Vitamin E Cancer Prevention Trial that an excess incidence of type 2 diabetes
and high-grade prostate cancer found in the selenium supplementation arm (Kristal et al.,
2014; Lippman et al., 2009). Elevated selenium levels are associated with higher blood
pressure, lipid levels, and neurological diseases (Christensen et al., 2015; Laclaustra et al.,
2009; Naderi et al., 2021). In the current study, we found a positive association between
serum selenium and NAFLD at a serum selenium concentration of above 130 pg/L; this
concentration can be approximately translated into a selenium intake of 87 ug/day based on
the previous link between serum selenium level and the dietary intake (Haldimann et al.,
1996). Notably, this is much lower than the Institute of Medicine established tolerable upper
intake level of 400 pg/day for adults 19 years and older, guiding the highest level of daily
selenium intake that is likely to pose no risk of adverse health effects in almost all
individuals (Institute of Medicine, 2000). Thus, our findings suggest the reference for a
possible upper safe limit of selenium status/intake in terms of risk of NAFLD; however,
more dose-response research, especially prospective cohort studies in different populations
or already performed selenium clinical trials with NAFLD available as a secondary outcome,
are needed to confirm our findings.

The potential hepatotoxicity of selenium overexposure has been first reported in the 1930s
(Smith and Westfall, 1937), though the scope of the biological mechanism underlying the
association between selenium and NAFLD is still largely unknown. Selenium exerts
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antioxidant effects through selenium-dependent glutathione peroxidases and other
selenoproteins (Burk, 2002). However, serum selenoproteins levels are maximized between
70 and 90 pg/L (F. Combs, Jr., 2015). Above these levels, increases in serum selenium do
not capture increases in selenoprotein levels but reflect predominantly non-specific
incorporation of selenomethionine into albumin and other proteins in place of methionine (F.
Combs, Jr., 2015). Given our participants having a median serum level of 127.9 pg/L, higher
serum selenium levels in our study probably capture increases in non-specific incorporation
of selenomethionine proteins rather than the incorporation into selenoproteins.
Selenomethionine is an organic derivative of selenium widely used as supplements in our
diets (Institute of Medicine, 2000). Consumption of diets rich in selenomethionine will raise
blood selenium concentrations because this form of selenium is not influenced by
homeostatic regulation (Burk, 2002). Once inside the cell, selenomethionine can be either
incorporated into proteins in place of methionine or metabolized to several
selenocompounds such as selenols, selenohomocysteine and selenocysteine, through the
methionine cycle and the trans-sulfuration pathway. Such selenocompounds can generate
superoxide radicals, thereby inducing oxidative stress (Lazard et al., 2017). Thus, it is
conceivable that high serum selenium may impact the pathogenesis of NAFLD through the
toxicity of selenomethionine. Studies on the speciation of selenium in blood warrant further
investigations in the future.

Only a few epidemiologic studies have evaluated the associations between selenium and
NAFLD. A positive log-linear dose-response relationship was observed in a large cross-
sectional study of 8,550 Chinese adults, where median plasma selenium level in this study
was 213.0 pg/L, which was higher than that in our study (Yang et al., 2016). Another cross-
sectional study of 5,436 middle-aged and elderly Chinese adults also reported a positive
association between dietary intake of selenium and prevalence of NAFLD (OR = 1.58, 95%
Cl: 1.39, 1.89, comparing the highest (= 30.6 g/1,000 kcal/day) to the lowest (< 21.3 pg/
1,000 kcal/day) quartile) (Wu et al., 2020). A positive association between dietary selenium
intake and ALT has also been reported in seleniferous areas of the U.S. (Longnecker et al.,
1991). In contrast, no association of blood, hair, or nail selenium with ALT was found in 680
Indian adults living in a high selenium environment (Loomba et al., 2020).

With sampling weights, strata, and units considered in the analyses, we were able to assess
the association between selenium and NAFLD in a representative sample of the general U.S.
adults. Our findings provide impetus to confirm this association in different populations over
a broader range of exposure, eventually contributing to a consensus regarding the safe range
of selenium exposure and intake. However, we acknowledge that the cross-sectional nature
of NHANES data precludes the ability to determine the chronicity of serum status and
persistence of NAFLD. Therefore reverse causation could be an explanation for our results
since participants with NAFLD may have adapted lifestyle changes, including diet and
supplement use (Nseir et al., 2014). Though studies with the prospective design are needed
to make a causal inference, our findings are still important and add the reference of potential
hepatotoxicity of selenium overexposure. Additionally, suspected cases of NAFLD were
primarily based on ALT activity in our study. We acknowledge that liver biopsies would
provide a better NAFLD assessment; however, this is not feasible for large population-based
studies. Although the liver biopsies were not provided in NHANES, the ALT-based NAFLD
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should be relatively specific because the prevalence of myopathy, the most important
extrahepatic source of ALT, is considered low in the U.S. general population (Green and
Flamm, 2002). Moreover, we cannot eliminate residual confounding due to the observational
nature of the study, although we have controlled for many known confounders. There are
possibly other environmental toxicants that shared common sources with selenium, such as
diets that may also impact NAFLD (Oddy et al., 2013; Wang et al., 2017). Finally, only total
selenium was measured in serum samples, and data on selenium speciation were not
available. The source and toxicity of selenium species and compounds may differ markedly
(Vinceti et al., 2018b). The association between selenium and health outcomes may also
depend on the use of specific biomarkers (whole blood, serum/plasma, urine, nails, toenails,
hair selenium content) or exposure assessment methods (dietary assessment through
questionnaires or daily records). In future studies, selenium speciation and a comparison of
different biomarkers will be critical to providing a better understanding of selenium
exposures and associated health risks, including NAFLD.

5. Conclusions

In summary, the present analysis provides evidence of non-linear associations of serum
selenium with serum ALT activity and NAFLD prevalence. In particular, positive
associations were found above the serum selenium level > 130 pg/L, whereas no association
was observed below this value. This finding requires confirmation in future prospective
cohort studies. Such association, if confirmed, will be of considerable public health
relevance given the epidemic of NAFLD.
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Highlights

Non-linear associations of serum selenium with ALT activity and NAFLD
were found.

A positive association between selenium and ALT was observed at serum
selenium level > 130 pg/L.

A positive association between selenium and NAFLD was observed at serum
selenium level > 130 pg/L.

No association was observed below serum selenium level of 130 pg/L.
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Smoothing curve of the relationship between log2-transformed serum selenium level and

log-transformed serum alanine aminotransferase (ALT) activity (95% CI) based on the

generalized additive model (GAM) with penalized splines. The GAM was adjusted for age,
sex, race/ethnicity, NHANES survey cycles, education, poverty-income-ratio, body mass

index, smoking status, and alcohol consumption (n=3,827).
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Figure 2.

Smoothing curve of the relationship between log2-transformed serum selenium level and

log-transformed odds ratio of non-alcoholic fatty liver disease (NAFLD) (95% CI) based on
the generalized additive model (GAM) with penalized splines. The GAM was adjusted for

age, sex, race/ethnicity, NHANES survey cycles, education, poverty-income-ratio, body
mass index, smoking status, and alcohol consumption (n=3,827).
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Table 1.

Survey-weighted characteristics of the study population by non-alcoholic fatty liver disease (NAFLD) status
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(n=3,827).

Characteristics Total (n=3827) No NAFLD (n=2508) NAFLD (n=1319)
Age (years), mean (SE) 47.5 (0.5) 47.9 (0.6) 46.8 (0.6)
Sex, % (SE)

Male 46.9 (1.1) 50.7 (1.6) 402 (1.8)

Female 53.1(1.1) 49.3 (1.6) 59.8 (1.8)
Race/ethnicity, % (SE)

Non-Hispanic White 64.9 (2.3) 66.0 (2.2) 63.1(3.0)

Non-Hispanic Black 11.1(1.2) 12.6 (1.5) 8.4 (1.0)

Non-Hispanic Asian 5.9(0.7) 5.8 (0.8) 6.0 (0.7)

Hispanic 15,5 (1.7) 12.9 (1.4) 20.0 (2.5)

Other 2.6 (0.4) 2.7(0.4) 2.5(0.5)
Education, % (SE)

< High school 15.4 (1.2) 15.2 (1.3) 15.9 (1.5)

High school 21.3(1.0) 21.5(1.3) 21.0 (1.6)

Some college 33.0(1.1) 33.4(1.3) 32.3(1.5)

College or above 30.2 (1.6) 29.9 (1.3) 30.8 (2.4)
Poverty-income ratio, % (SE)

<10 16.2 (1.1) 16.9 (1.1) 14.9 (1.5)

>1.0 83.8 (1.1) 83.1 (1.1) 85.1 (1.5)
Smoking status, % (SE)

Never smoker 59.1(1.1) 58.3 (1.3) 60.5 (1.7)

Former smoker 24.1(0.9) 24.0(1.1) 24.4 (1.8)

Current smoker 16.8 (0.9) 17.7 (1.1) 15.1(1.3)
Alcohol consumption (g/day), mean (SE) 1.4(0.1) 1.5(0.1) 1.3(0.2)
BMI (kg/m2), % (SE) 29.4 (0.2) 28.4(0.2) 31.3(0.3)
HOMA-IR, Median (IQR) 2.6 (1.5, 434) 2.3(1.4,35) 3.5(1.9,5.8)
Serum selenium (pg/L), Median (IQR) 127.9(117.9,139.4) | 127.2(117.7,138.9) | 129.4 (118.3, 140.5)

BMI, body mass index; HOMA-IR, homeostatic model assessments for insulin resistance; IQR, interquartile range.
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Adjusted percentage changes (95% CI) in serum alanine aminotransferase (ALT) activitya with quintile
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changes in serum selenium levels in the survey-weighted multivariable-adjusted linear regressions (n=3,827).

Quintiles of serum selenium levels, pg/L

Models Quintile 1 (58.1- Quintile 2 (115.0- Quintile 3 (123.7- Quintile 4 (131.8— Quintile 5 (142.5- P-trend
114.9) 123.6) 131.7) 142.4) 297.9)

Initial Ref -3.18 (-9.29, 3.34) 3.01(-2.48,8.81) 3.68 (-1.98, 9.66) 9.53 (2.93, 16.56) 0.0005

modell7

Full model® Ref -2.67 (-8.65, 3.71) 3.71(-1.71,9.43) 4.16 (-0.89, 9.47) 9.25 (2.23, 16.76) 0.0003

HALT activity was log-transformed.

blnitial model: adjustments for age, sex, race/ethnicity, and NHANES survey cycles.

Full model: initial model with additional adjustments for education, poverty-income-ratio, body mass index, smoking status, and alcohol

consumption.
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Adjusted odds ratios (ORs) (95% CI) for prevalence of non-alcoholic fatty liver disease (NAFLD) with

Table 3.
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quintile changes in serum selenium levels in the survey-weighted multivariable-adjusted logistic regressions

(n=3,827).
Quintiles of serum selenium levels, pg/L
Models Quintile 1 (58.1- Quintile 2 (115.0- Quintile 3 (123.7- Quintile 4 (131.8— Quintile 5 (142.5- P-trend
114.9) 123.6) 131.7) 142.4) 297.9)
Initial Ref 0.82 (0.59, 1.13) 0.97 (0.70, 1.33) 1.03 (0.80, 1.33) 1.31(0.96, 1.78)
model? 0.02
Full . Ref 0.83(0.59, 1.17) 1.00 (0.73, 1.36) 1.05 (0.82, 1.35) 1.36 (1.00, 1.88) 0.02
model

alnitial model: adjustments for age, sex, race/ethnicity, and NHANES survey cycles.

Full model: initial model with additional adjustments for education, poverty-income-ratio, body mass index, smoking status, and alcohol

consumption.
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