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Abstract
Background—A possible association between nonalcoholic fatty liver disease (NAFLD) and
hypothyroidism has been suggested. Possible explanations for this association are the recognized
links between hypothyroidism and various elements of the metabolic syndrome which is often
present in NAFLD. To further explore this association, we determined the prevalence of
hypothyroidism in a cohort of patients with NAFLD and analyzed the potential factors associated
with hypothyroidism in this patient population.

Methods—Two hundred and forty six patients with biopsy proven NAFLD attending hepatology
clinics at the Cleveland Clinic between October 2006 to June 2009 and 430 age, gender, race and
BMI matched control subjects seen in the general internal medicine clinic were included. Patients
with a clinical diagnosis of hypothyroidism who were on thyroid replacement therapy were
considered to be hypothyroid.

Results—Hypothyroidism was more frequent among patients with NAFLD (21%vs 9.5%.;
P<0.01) compared to controls and was higher in NASH patients than NAFLD patients without
NASH (25% vs 12.8%, P=0.03). Subjects with hypothyroidism were 2.1 (95% CI: 1.1,
3.9,P=0.02)) and 3.8 (95% CI:2,6.9, P<0.001) times more likely to have NAFLD and NASH
respectively. By Multivariate analysis, female gender (P<0.001) and increased BMI (P=.03) were
associated with hypothyroidism. NAFLD subjects who reported mild alcohol consumption were
less likely to have hypothyroidism compared to those who reported complete abstinence (OR 0.37,
P=0.008).

Conclusions—A higher prevalence of hypothyroidism was demonstrated in patients with
NAFLD compared to controls. Patients with hypothyroidism were more likely to have NASH.
Among subjects with NALFD, female gender, increased BMI and history of abstinence from
alcohol were associated with hypothyroidism. Further studies are needed in order to confirm and
better characterized these findings as well as the described associations and their pathogenesis.
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Introduction
Non alcoholic fatty liver disease (NAFLD) is a chronic liver disease with a histological
spectrum ranging from steatosis alone to non alcoholic steatohepatitis (NASH), the latter
having an increased risk for progression to cirrhosis. The prevalence of NAFLD in adults
has been reported to be as high as 33% making it the most common cause of chronic liver
disease in the United States(1).Thyroid dysfunction especially hypothyroidism has been
associated with insulin resistance(2, 3), dyslipidemia(4, 5) and obesity (6, 7)all of which are
important components of the metabolic syndrome.

Recent data suggest that hypothyroidism may be associated with NAFLD (8). However,
clinical data supporting this association are incomplete and the pathophysiology underlying
this k association remains unclear. Additional information is needed to confirm and better
characterize the proposed association between NAFLD and hypothyroidism. Therefore, we
conducted a case control study to assess the prevalence of hypothyroidism in consecutive
NAFLD patients compared to matched controls while assessing potential factors that could
be associated with hypothyroidism in this patient population.

Methods and Design
Study design and Patient population

The study population consisted of 246 adult patients individuals at least ≥18 years of age
with biopsy proven non alcoholic fatty liver disease (NAFLD) seen in the hepatology
outpatient clinic of the Cleveland Clinic Foundation in Cleveland, Ohio between October
2006 and June 2009. Out of the study population 233 NAFLD cases were matched by age,
gender, race and BMI with 430 controls without any evidence of chronic liver disease
attending the general medicine outpatient clinics of Cleveland Clinic Foundation. The
controls were identified using the e-Cleveland clinic electronic medical record system.
Records of all cases and controls were reviewed by a single physician (MP) and relevant
data were abstracted.

Exclusion criteria included subjects with significant alcohol use (>14 drinks per week in
males or 7 drink/day in females), or those with any laboratory or clinical evidence to suggest
certain or probable underlying chronic liver disease including viral hepatitis,
hemochromatosis, autoimmune hepatitis, Wilson’s disease, alpha1 antitrypsin disease or
chronic cholestatic liver disease.

Liver biopsy specimens were reviewed by a single experienced liver pathologist. The
histological grading and staging for NAFLD were performed using the NASH Clinical
Research Network validated histological scoring system (9)

Definitions—Subjects were defined as having “hypothyroidism” if they carried a clinical
diagnosis of hypothyroidism and were on thyroid replacement therapy.

Controls were required to have normal liver tests (ALT ≤45 IU/L, AST ≤40 IU/L, bilirubin
≤1.5 mg/dl and alkaline phosphatase ≤150 IU/L), and have absence of any acute or chronic
liver disease, and the absence of fatty liver on at least one radiographic imaging study.

Ethical consideration—This study was designed as a retrospective case-control study
and was conducted in accordance with the ethical guidelines of the Helsinki declaration and
approved by the Institutional Review Board at the Cleveland clinic, Cleveland, Ohio.
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Statistical analysis
Descriptive statistics were computed for all factors. Mean and standard deviations were
calculated for continuous variables and frequencies and percentages for categorical
variables. A p<0.05 was considered statistically significant. SAS version 9.2 software (The
SAS Institute, Cary, NC) and R version 2.10.1 software (The R Foundation for Statistical
Computing, Vienna, Austria) were used to perform all analyses.

Propensity score matching was used to match NAFLD subjects to controls without liver
disease. A propensity score (PS) was created using age, gender, ethnicity and BMI and up to
2 control subjects were matched to each NAFLD patient within a caliper of PS ± 0.03 using
the greedy algorithm. Out of a pool of 246 NAFLD patients and 1455 controls, a total of 197
NAFLD subjects were matched 1:2 and an additional 36 were matched 1:1. Conditional
logistic regression was used to compare the 2 groups.

All 246 NAFLD patients were used to assess prevalence of hypothyroidism in subjects with
NAFLD and what factors were associated with hypothyrodism in these patients. Student’s t-
tests or Wilcoxon rank sum tests were used to evaluate associations between continuous
variables and presence of hypothyroidism, Pearson’s chi-square were used for categorical
variables and Mantel-Haenzel tests for steatosis, fibrosis, inflammation and ballooning In
addition, a multivariable logistic regression analysis was performed to evaluate factors
associated with presence of hypothyroidism. An automated stepwise variable selection was
performed on 1,000 bootstrap samples to choose the final model; variables with more than
10% missing values were not considered for inclusion and factors that appeared in ≥30% of
replications were kept in the final model.

Results
Table 1 summarizes clinical and demographical information of the subjects. The two groups
were matched for age, BMI, gender and ethnicity. The mean age among NAFLD cases was
50.4 years, 56.2% were females and the the mean BMI was 35.7 kg/m2. There was no
difference in ethnicity between the two groups. Diabetes mellitus, hypertension and
hyperlipidemia were more frequent in the NAFLD group (P<0.001) compared to controls. In
addition, the mean levels of aspartate aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphtase and thyroid stimulating harmone (TSH) were higher in NAFLD
compared to controls (P<0.01).

Prevalence of hypothyroidism in NAFLD
The prevalence of hypothyroidism was higher among patients with NAFLD (Figure.1)
compared to the control group (21.1 % vs 9.5%, P<0.001) among subjects with NAFLD.
Hypothyroidism was also more common in patients with NASH when compared to those
with No NASH (25 % vs 12.8%, P=0.03) (figure 2). In multivariate analysis subjects with
hypothyroidism were 2.1 (95% CI:1.1, 3.9) and 3.8 (95% CI:2,6.9) times more likely to have
NAFLD and NASH respectively. After adjusting for diabetes mellitus, dyslipidemia and
hypertension, this association remained statistically significant.

Univariable analysis
In the univariable analysis (Table 2), NAFLD patients with hypothyroidism were more
likely to be females, have an older age and higher BMI compared to NAFLD patients
without hypothyroidism. A higher proportion of patients with hypothyroidism had lower
ALT levels. As expected hypothyroid patients had higher TSH compared to those without
the disease. Steatohepatitis was more prevalent in patients with hypothyroidism compared to
those without the disorder (P=0.03). Additionally, hypothyroidism was more frequent in
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NAFLD patients who reported no alcohol consumption compared to those who reported
mild to moderate alcohol consumption.

Multivariable analysis
Table 3 represents the results of the multivariate logistic regression analysis. Female gender
(OR, 5.9; P< 0.001), higher BMI (OR,1.04; P=0.03) were associated with increased risk of
hypothyroidism in NAFLD. In contrast, mild to moderate alcohol consumption was
associated with a reduced risk of developing hypothyroidism compared to those who
reported complete abstinence (OR, 0.31; P<.001). Though patients with hypothyroidism had
increased risk of NASH it was not statistically significant. (OR 2; P=0.08).

Discussion
The prevalence of hypothyroidism in the united states is 3.7% as observed in the National
Health and Nutritional Examination Survey (NHANES) conducted between 1999 and 2002
(10). Other studies reported the prevalence of subclinical and overt hypothyroidism to be
4%–10% and 0.3%–5% in the general population; respectively and 5% in the geriatric
population (10–14). We found an increased prevalence of hypothyroidism among patients
with NAFLD compared to age, gender, race and BMI matched controls without known
chronic liver disease with the prevalence being highest in subjects with NASH. Two
previous studies with smaller sample sizes and incomplete histology reported prevalence
rates of 15% and 20% for hypothyroidism in NAFLD(8, 15). Our study included a large
sample size with liver histology read by a single pathologist for all the patients. We also
controlled for known factors associated with hypothyroidism (age, gender, ethnicity and
BMI). These current findings confirm an association between the presence of
hypothyroidism and NAFLD.

Although a role of hypothyroidism in the pathogenesis of non alcoholic fatty liver disease
has not been established, a number of possible mechanisms could be involved.
Hypothyroidism has been associated with insulin resistance (2, 3, 16), dyslipidemia(4, 5)
and obesity(6, 7); all of which are important components of the metabolic syndrome. In
addition, hypothyroidism is also associated with the metabolic syndrome (17), which plays
an important role in the development of NAFLD (18).

Insulin resistance in the setting of hypothyroidism has been documented (2)and is associated
with decreased responsiveness of glucose uptake in muscle and adipose tissue to insulin, as
well as decreased glycogen synthesis in skeletal muscle in both animal and human studies(2,
3, 16, 19, 20). These effects were alleviated by thyroid replacement (3). Hypothyroidism is
also more common in patients with diabetes than in the general population(21). If
hypothyroidism enhances the degree of insulin resistance in NAFLD patients, it may
increase the already elevated lipolysis and free fatty acid delivery to the liver and thereby
accelerate liver injury in NAFLD (22).

There is also an increased prevalence of hypothyroidism in the obese population as
compared to the general population (7) with the prevalence of hypothyroidism being 10%–
20% in obesity(6, 7). On average hypothyroid patients weigh 15 – 30% more than during
euthyroid state(23). Leptin, and adipocytokine that affects thermagenesis and appetite and is
an indicator of body fat content, may have a possible role in hypothyroidism and
obesity(24). Hypothyroidism patients have increased levels of leptin (25) which increases
collagen production and insulin resistance in the liver (26, 27). Furthermore hypothyroidism
can also increase risk of hypertension(28). Possible mechanisms responsible for
hypertension in individuals with hypothyroidism include increased peripheral vascular
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resistance and arterial stiffness respectively(29); abnormalities that occur in NAFLD
patients(30).

Up to 90% of hypothyroid patients have abnormal lipid values (5). While hypothyroidism
primarily causes elevation in cholesterol and low density lipoproteins, it also affects the
synthesis, mobilization and degradation of all aspects of lipid metabolism(4, 31). There is
evidence of increased triglyceride levels in hypothyroid subjects due to increased
estertification of hepatic fatty acids and decreased lipoprotein lipase activity (4)and there is
some evidence of low HDL levels in these subjects(4, 5). It is possible that hypothyroidism
can be contributing to the dyslipidemia in NAFLD which is a common abnormality in these
patients (32). The antisteatotic and triglyceride reducing effects of a liver- selective thyroid
receptor (TR) agonist on livers of animal models with fatty liver have been described
(33).Therefore hypothyroidism may exacerbate the preexisting lipid abnormalities in
NAFLD.

On multivariate analysis females with NAFLD were at a higher risk of hypothyroidism
compared to male cases. This gender difference in hypothyroidism has been well described
(11–13). A novel observation in this study was the apparent protective effect of mild alcohol
intake on hypothyroidism among NAFLD cases. While excessive alcohol consumption is
known to suppress peripheral thyroid metabolism in patients with alcoholism and especially
those with alcoholic cirrhosis independent of the liver damage(34, 35), we did not find any
literature that described the association of alcohol consumption and thyroid disease in the
general population. It is unclear why abstinence from alcohol compared to those who drank
in moderation resulted in increased hypothyroidism in NAFLD. However, alcohol
consumption has been shown to decrease thyroid volume and as well as the prevalence of
goiter suggesting a possible protective effect of alcohol on the thyroid gland(36). In addition
there is some evidence of potential protective role of alcohol in thyroid cancer (37). Similar
benefits of alcohol in cardiovascular morbidity and mortality insulin resistance, type 2
diabetes mellitus and HDL have been demonstrated(38, 39).

Markers of oxidative stress including reactive oxygen species and markers of lipid
peroxidation have been reported in patients with hypothyroidism (40, 41); abnormalities that
also occur in NASH patients to a greater extent than other forms of NAFLD (42). This may
explain, in part, the mechanism for the increased presence of hypothyroidism in NASH
patients. Recently, mitochondrial dysfunction has been implicated in pathogenesis of NASH
(43). This of particular interest since thyroid dysfunction alters mitochondrial respiration
(44). Mitochondria abnormalitities and dysfunction in skeletal muscle and alteration of
cardiolipin (an important phospholipid in the inner membrane of mitochondria) have been
described in hypothyroidism (45, 46).

There were a number of limitations to our study. The retrospective study design cannot
define the time line between the development of hypothyroidism and that of fatty liver. This
limits the ability to establish a temporal causality between these two factors. Data regarding
the time of diagnosis of hypothyroidism as well as accurate results of thyroid function tests
were not available. Similar to earlier studies, we had to use thyroid replacement therapy as a
surrogate for diagnosis.

Even though we did not study the prevalence of hypothyroidism among other types of
chronic liver disease, our data indicated that the prevalence of hypothyroidism is higher than
other chronic liver diseases such as primary biliary cirrhosis (PBC), primary sclerosing
cholangitis (PSE) and viral hepatitis with prevalence ratses of 10%, 6% and 7.3%
respectively(8, 15)
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Hepatocellular carcinoma (HCC) is known to occur in patients with cirrhosis including those
related to NASH. Interestingly, the presence of hypothyroidism in patient with cirrhosis has
been associated with an increased risk of HCC (47).The prevalence of hypothyroidism in
HCC is 11.7%. Therefore it may be important to identify those patients with NASH cirrhosis
who have hypothyroidism which would put them at a higher risk for developing HCC.

Based on available data, it appears the independent affects of hypothyroidism on insulin
resistance, dyslipidemia and BMI may exacerbate these same pre-existing abnormalities in
NAFLD resulting in the high prevalence of NASH in NAFLD patients with hypothyrodism.
In summary, our study indicates that patients with NAFLD have a higher prevalence of
hypothyroidism when compared to a matched control population and is higher among those
with NASH compared to no NASH. In addition moderate alcohol use appears to have a
protective effect for developing hypothyroidism in NAFLD. The high prevalence of this
disorder among NAFLD patients, suggests that hypothyroidism may identify a subgroup of
patients in the general population who may benefit from screening for the presence of fatty
liver disease.
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Figure 1.
The prevalence of hypothyroidism in subjects with NAFLD vs Controls from general
population.
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Figure 2.
Shows the over all prevalence of hypothyroidism in NAFLD and the distribution of NASH
vs No NASH.
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Table 1

Demographic and Clinical Characteristics: NAFLD vs. Controls

Factor NAFLD
(N=233)

Controls
(N=430)

P

Age 50.4 (11.1) 51.0 (14.1) 0.76

BMI (kg/m2) 35.7 (8.6) 34.7 (8.1) 0.86

Female 131 (56.2) 243 (56.5) 0.86

Ethnicity 0.57

   Caucasian 219 (94) 401 (93.3)

   African-American 8 (3.4) 20 (4.6)

   Hispanic 3 (1.3) 3 (0.7)

   Other 3 (1.3) 6 (1.4)

DM † 99 (42.7) 95 (22.1) <0.001

HTN † 137 (58.8) 188 (43.6) <0.001

Hyperlipidemia † 174 (86.1) 183 (42.6) <0.001

Hypothyroidism 51 (21.8) 41 (9.5) <0.001

AST† (IU/L) 41.5 21.0 <0.001

ALT† (IU/L) 48.0 19.0 <0.001

ALP† (IU/L) 80.0 76.0 0.001

Bilirubin† (mg/dL) 0.8 0.8 0.97

TSH† (mU/L) 2.2 1.7 0.013

Hypothyroid 49 (21) 41 (9.5) <0.001

AST-Aspartate aminotransferase, ALT- Alanine aminotransferase, ALP- Alkaline phosphtase

Values presented as N(%) for gender, ethnicity, diabetes, HTN, hyperlipidemia and hypothyoidism and Mean (SD). p-values correspond to
univariable conditional logistic regression analyisis to account for matching.

†
Data not available for all subjects. Diabetes n=664; HTN n=664; Hyperlipidemia n=633; Bilirubin n=558; AST n=562; ALT n=567; Albumin

n=559; INR n=404; PT n=404; Cholesterol n=461; TG n=462; HDL n=458; LDL n=448; ALP n=547; TSH n=392.
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Table 2

Univariable analysis of factors associated with hypothyroidism in NAFLD

Factor Hypothyroidism
(N=52)

No
Hypothyroidism
(N=194)

P Value

Female 46 (88.5) 94 (48.5) <0.001

Age 53.5 (11.2) 49.5 (10.6) 0.035

BMI (kg/m2) 39.5 (11.8) 35.4 (8.5) 0.023

Alcohol use† 13 (25.0) 106 (54.9) <0.001

ALT† (IU/L) 37 (23,73) 49.0 (30,88.0) 0.045

TSH† (mU/L) 3.1 (1.8,4.8) 2.0 (1.4,3.0) 0.008

DM † 26 (50) 84 (43.5) 0.4

HTN † 30 (57.7) 116 (60.1) 0.7

Hyperlipidemia † 39 (86.7) 147 (86.5) 0.97

Metabolic Syndrome 36 (80.0) 131 (73.6) 0.38

Ferritin† 133 (87,285) 170 (72.0,276.5) 0.76

NASH 42 (80.8) 126 (65.0) 0.03

Values presented as Mean (SD) or Median (P25, P75) for continuous factors and N (%) for categorical factors

p-values correspond to Student's t-test or Wilcoxon rank sum tests for continuous factors, Fisher's Exact tests for ethnicity and INR>1, Mantel-
Haenszel chi-square for histology scores and Pearson's chi-square for all other categorical factors.

†
Data not available for all subjects. EtOH n=245; HTN n=245; DM n=245; MS n=223; Hyperlipidemia n=215; ALT n=237; Ferritin n=169; TSH

n=142
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Table 3

Multivariable analysis of factors associated with hypothyroidism in NAFLD

Predictive Variable OR (95% CI) P value

Female 5.9 (2.3, 14.8) <0.001

Alcohol use * 0.3 (0.18, 0.77) <0.008

BMI(kg/m2) 3.3 (1.08, 9.8) 0.03

NASH# 2.8 (0.908, 4.6) 0.08

CI: confidence interval

*
Use of moderate alcohol has a protective effect.

#
Histological diagnosis of NASH.
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