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Abstract

Introduction: Thyroid hormones are involved in the regula-
tion of body composition, lipid metabolism, and insulin re-
sistance. Thus, it is possible that they might play a role in the
pathogenesis of non-alcoholic fatty liver disease (NAFLD).
However, the role of thyroid function on NAFLD is not well
defined. In this study, we evaluated the relationship be-
tween thyroid-stimulating hormone (TSH) levels, within the
reference range, and presence of NAFLD in asymptomatic
individuals. Study Design: We included all individuals evalu-
ated at a preventive clinic of the Hospital Israelita Albert Ein-
stein, between 2014 and 2015. The prevalence of NAFLD (an-
alyzed by abdominal ultrasound), according to TSH quar-
tiles, within the reference range, was determined. The
association between TSH quartiles and NAFLD was analyzed
by logistic regression adjusted for possible confounders.
Results: We evaluated 10,539 individuals (73% male, age

43.4 £ 9.4 years). The prevalence of NAFLD was 34, 38, 38,
and 39% in the first to the fourth TSH quartiles (0.46-1.44,
1.45-1.97,1.98-2.68, and 2.69-4.68 mUI/L, respectively, p for
trend <0.001). At univariate analysis, higher TSH levels were
associated with the diagnosis of NAFLD. When data were ad-
justed for the metabolic syndrome characteristics (waist cir-
cumference, HDL-cholesterol and triglycerides levels, pres-
ence of diabetes, and systemic arterial hypertension), the as-
sociation was no longer significant. Conclusions: Although
the TSH variability within the reference range is associated
with NAFLD in univariable models, once adjusted for meta-
bolic syndrome factors no significant association is noted.
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Introduction

Thyroid hormones are involved in the regulation of
body composition, lipid metabolism, and insulin resis-
tance [1-6]. It is well known that hypothyroidism is as-
sociated with high levels of LDL-cholesterol and triglyc-
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erides secondary to a decrease in LDL receptor’s activity
and clearance of triglyceride-rich lipoproteins [7-9].
Excessive triglyceride accumulation in the liver is man-
ifested through the diagnosis of steatosis, a component of
non-alcoholic fatty liver disease (NAFLD) or non-alco-
holic steatohepatitis [10, 11]. In fact, NAFLD has long
been recognized as the hepatic feature of the metabolic
syndrome [12]. This condition may lead to hepatic fibro-
sis, cirrhosis, and hepatocellular carcinoma if not treated
in the long term [13-16], and might be considered an in-
dependent risk marker for cardiovascular disease [17-19].
Previous studies have sought to evaluate the associa-
tion between hypothyroidism and NAFLD [20-25]. Most
of them showed that hypothyroidism, in its overt or sub-
clinical type, is independently associated to NAFLD [26,
27], suggesting that hypothyroidism may directly result
in NAFLD irrespective of other common metabolic risk
factors. In a recent prospective study, lower thyroxine
(T4) levels were associated with a higher risk for NAFLD
[26]. Nevertheless, though this association has been dem-
onstrated for subclinical hypothyroidism, the thyroid
function is a continuum and the association between thy-
roid-stimulating hormone (TSH) levels within the nor-
mal range and NAFLD has not been well established. In
the present study, we aimed to evaluate the association
between thyroid function within the normal range and
the presence of NAFLD in asymptomatic individuals.

Methods

All individuals evaluated at a routine health check-up at the
Hospital Israelita Albert Einstein, between 2014 and 2015, were
included. This evaluation comprised several clinical and labora-
tory tests, as well as abdominal ultrasound. The Ethical Committee
of the Hospital Israelita Albert Einstein approved this study, and
the consent form was waived as the research is based on database
analysis and no additional patient contact was needed.

Individuals between 20 and 80 years, whose TSH levels were
within the normal range, were evaluated, excluding those with pre-
viously known liver or thyroid disease, using thyroid-related medi-
cation (levothyroxine, methimazole or propylthiouracil), and with
ascore of more than 8 points in the Alcohol Use Disorders Test [28].

The check-up protocol comprised anthropometric evaluation,
laboratory measures, physical activity questionnaire, and abdomi-
nal ultrasound for NAFLD evaluation, as previously described [29].
Waist circumference was measured by a trained nutritionist and
was considered abnormal when above 94 cm for men and 80 cm for
women. Body mass index (BMI) was measured using the weight/
height? (kg/m?) formula. Plasma concentrations of total cholester-
ol, high-density lipoprotein-cholesterol (HDL-C), and triglycer-
ides were determined by using automated equipment VITROS
5600® Ortho Clinical Diagnostics by dry chemical colorimetric
method. Serum TSH was measured by a chemo luminescence

Metabolic Syndrome Mediates TSH
versus NAFLD

method. Individuals were then divided into 4 groups according to
quartiles of TSH levels within the reference range (0.46-1.44, 1.45-
1.97, 1.98-2.68, and 2.69-4.68 mUI/L). The international physical
activity questionnaire (iPAQ) was used to evaluate the physical ac-
tivity level in the last week [30]. The presence of NAFLD defined as
hepatic steatosis in the absence of excessive alcohol consumption
or previous liver disease was based on the ultrasound evaluation,
according to standardized criteria [31]. Steatosis was diagnosed
by certified radiologists after at least a 6-h fast using an ACUSON
XP-10 device (Mountain View, CA, USA) and was identified by the
presence of an ultrasonographic pattern of a bright liver, with evi-
dent contrast between hepatic and renal parenchyma.

Statistical Analysis

Continuous variables were presented as means and standard
deviations or medians and quartiles, as appropriate, and compared
using one-way ANOVA or Kruskal-Wallis test. Categorical vari-
ables were presented as absolute numbers and proportions, and
compared using chi-square test. Triglycerides and TSH were log-
transformed for inclusion in the multivariable models as these
variables are known to have a skewed distribution.

The association between TSH levels and presence of NAFLD
was analyzed using logistic regression models. Initially, we per-
formed a univariable model followed by additional multivariable
models adjusted as follows:

— Model 1: adjusted for gender and age;

— Model 2: adjusted for gender, age, smoking, and metabolic syn-
drome criteria (abdominal circumference, triglycerides, HDL-C,
blood pressure, fasting glucose as continuous variables);

— Model 3: adjusted for gender, age, smoking, metabolic syn-
drome criteria (as in model 2), and physical activity levels.
We first performed those models using TSH as a log-trans-

formed continuous variable. Additionally, we categorized TSH

levels in quartiles (0.46-1.44, 1.45-1.97, 1.98-2.68, and 2.69-

4.68 mUI/L).

To better understand the role of each metabolic syndrome fac-
tors (waist circumference, HDL levels, triglyceride levels, blood
pressure, and fasting glucose), as well as other possible confound-
ers such as BMI, physical activity, and smoking, we performed ad-
ditional models for each of those predictors individually after ad-
justment for age and gender.

A level of significance of 0.05 was used. All analyses were per-
formed using Stata version 13.0 (StataCorp, USA).

Results

We included 10,539 individuals, 73% male, with mean
age of 43.4 + 9.4 years and mean BMI of 26.4 + 4.2 kg/m?.
Baseline characteristics, according to normal range TSH
quartiles, are shown in Table 1. Due to the large sample
size, almost all variables were statistically differentamong
the groups, though the absolute differences were small.

The overall prevalence of NAFLD was 37.3%. Com-
pared to individuals without NAFLD, those with the con-
dition were older and with more metabolic abnormalities
(Table 2).
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Table 1. Baseline characteristics of subjects stratified according to TSH quartiles

TSH 0.46-1.44 TSH 1.45-1.97 TSH 1.98-2.68  TSH 2.69-4.68 Total p value

mUI/L mUI/L mUI/L mUI/L
Subjects, n 2,672 2,613 2,620 2,634 10,539
Gender, male, % 71 74 73 72 73 0.04
Age, years 43.04+9.25 43.20+9.14 43.36+9.25 43.85+10.02 43.36+9.43 0.01
BMI, kg/m2 25.86+3.89 26.26+£3.93 26.69+4.42 26.72+4.39 26.38+4.18 <0.01
Waist circumference, cm 90.43+20.70 91.48+12.31 92.23+13.06 92.20+12.91 91.58+15.19 <0.01
SBP, mm Hg 115+12 116£12 117£12 116£12 116x12 <0.01
DBP, mm Hg 76+8 76+8 77+8 77+8 76+8 <0.01
Total cholesterol, mg/dL 180+34 188+35 189435 190+35 189435 0.04
LDL-c, mg/dL 116+31 116£32 116+32 116£32 116+32 0.92
HDL-c, mg/dL 49+14 47+13 48+14 48+14 48+14 <0.01
Triglycerides, mg/dL* 98 (72-140) 107 (75-150) 109 (78-156) 112 (81-161) 108 (77-153)  <0.01
Glucose, mg/dL 87+12 88+13 88+15 88+15 88+14 0.08
HbAlc, % 5.4+0.5 5.4+0.5 5.5+0.6 5.5+0.6 5.4+0.6 0.05
Diabetes, 1 (%) 61 (2.28) 67 (2.56) 59 (2.25) 72 (2.73) 259 (2.46) 0.62
Hypertension, n (%) 340 (12.72) 378 (14.47) 403 (15.38) 387 (14.69) 1,508 (14.31) 0.04
Smoking, #n (%) 244 (9.13) 209 (8.00) 179 (6.83) 147 (5.58) 779 (7.39) <0.01

* Triglycerides expressed as median (interquartile range); other variables expressed as mean + SD or n (%).
BMI, body mass index; DBP, diastolic blood pressure; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein
cholesterol; SBP, systolic blood pressure; TSH, thyroid-stimulating hormone.

Table 2. Baseline characteristics of subjects stratified according to the presence or absence of NAFLD (mean + SD)

NAFLD

absent present p value
Patients, % 6,607 (62.7) 3,932 (37.3)
Male, % 4,196 (63.51) 3,452 (87.79) <0.01
Age, years 41.7349.20 46.11+9.18 <0.01
BMI, kg/m2 24.75+3.20 29.12+4.19 <0.01
Waist circumference, cm 86.13+10.36 100.74+17.43 <0.01
SBP, mm Hg 113+11 121+12 <0.01
DBP, mm Hg 7448 80+8 <0.01
Total cholesterol, mg/dL 186+33 193+37 <0.01
LDL-c, mg/dL 114+30 119+33 <0.01
HDL-c, mg/dL 52+14 42+10 <0.01
Triglycerides, mg/dL* 91 (68-126) 141 (104-194) <0.01
Glucose, mg/dL 85+8 93+19 <0.01
HbAlc, % 5.3+0.4 5.6+0.7 <0.01
Diabetes, 1 (%) 59 (0.89) 200 (5.09) <0.01
Hypertension, n (%) 487 (7.37) 1,021 (25.97) <0.01
Smoking, 1 (%) 474 (7.17) 305 (7.76) 0.03

* Triglycerides expressed as median (interquartile range); other variables expressed as mean + SD or 7 (%).
BMI, body mass index; DBP, diastolic blood pressure; HDL-c, high density lipoprotein cholesterol; LDL-c,
low density lipoprotein cholesterol; SBP, systolic blood pressure; NAFLD, non-alcoholic fatty liver disease.
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Table 3. Logistic regression for NAFLD outcome using TSH as continuous and categorical variable

Univariate Model 1* Model 2# Model 3**

OR p value OR p value OR p value OR p value
TSH quartiles
0.46-1.44 1.0 Ref 1.0 Ref 1.0 Ref 1.0 Ref
1.45-1.97 1.19 <0.01 1.15 0.02 1.01 0.94 1.01 0.94
1.98-2.68 1.18 <0.01 1.15 0.02 0.86 0.04 0.86 0.04
2.69-4.68 1.25 <0.01 1.22 <0.01 0.90 0.15 0.90 0.15
InTSH (per one unit)
0.46-4.68 1.25 <0.01 1.22 <0.01 0.93 0.20 0.93 0.20

* Model 1: adjusted for age and gender.

# Model 2: adjusted for 1 + metabolic syndrome criteria + smoking.

** Model 3: adjusted for 2 + physical activity level + smoking.

InTSH, log-transformed TSH (continuous variable); TSH, thyroid-stimulating hormone (mU/L); Ref, reference; NAFLD, non-alco-

holic fatty liver disease.
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Fig. 1. Prevalence of non-alcoholic fatty 046-144  145-197  1.98-268  2.69-4.68
liver disease, according to thyroid-stimu- NAFLD
lating hormone quartiles (mUI/L).
The proportion of individuals with NAFLD was Discussion

higher among those with higher TSH levels (Fig. 1;
p < 0.001). Indeed, at univariate analysis, higher TSH
quartiles were associated with the diagnosis of NAFLD.
This association remained significant when the mod-
el was adjusted for age and gender. However, when
the data were adjusted for metabolic syndrome charac-
teristics, the association was no longer significant,
as well as when adjusted for physical activity level (Ta-
ble 3). When TSH was modeled as a continuous log-
transformed variable, the results remained unchanged
(Table 3).

When further exploring the role of each individual
predictor individually, the association between TSH and
NAFLD lost significance after adjustment for waist cir-
cumference, BMI, and triglyceride levels, but not for oth-
er predictors (Table 4).

Metabolic Syndrome Mediates TSH
versus NAFLD

This study shows an association between TSH levels
within the reference range and NAFLD presence. How-
ever, this association seems to be mediated by the charac-
teristics of metabolic syndrome (waist circumference,
HDL-C levels, triglycerides levels, diabetes, and systemic
arterial hypertension), as no significant association was
seen after adjustment for those variables.

Many studies have investigated the role of thyroid dys-
function in the genesis of NAFLD [23, 32]. In 2012, a Ko-
rean study showed that NAFLD was statistically signifi-
cantly associated with hypothyroidism and subclinical
hypothyroidism in a dose-dependent manner, indepen-
dently of metabolic syndrome risk factors [27]. Recently,
a publication from the Rotterdam group has also found a
positive association between the prevalence of NAFLD
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Table 4. Logistic regression for NAFLD outcome with individual risk factors

Waist BMI, kg/m? HDL InTg SBP Glucose Physical Smoking

circumference activity®

OR pvalue OR pvalue OR pvalue OR pvalue OR pvalue OR pvalue OR pvalue OR pvalue
InTSH 1.03  0.60 1.00 0.97 1.18 <0.01 1.04 0.43 1.19 <0.01 1.20 <0.01 1.22 <0.01 1.23 <0.01
TSH quartiles
1 1.0 Ref 1.0 Ref 1.0 Ref 1.0 Ref 1.0 Ref 1.0 Ref 1.0 Ref 1.0 Ref
2 1.07  0.32 1.08 0.26 1.11 0.11 1.06 0.38 .12 0.07 .15 0.03 1.14  0.03 1.16  0.02
3 095 047 092 0.24 1.12 0.08 1.00 0.94 1.09  0.15 1.14  0.03 1.14  0.03 1.16  0.02
4 1.00  0.96 098 0.78 1.17 0.01 1.02  0.81 1.19  0.01 1.20 <0.01 1.22° <0.01 1.23 <0.01

All data were adjusted for gender and age.
# Measured by International Physical Activity Questionnaire.

BMI, body-mass index; HDL, high density lipoprotein levels; InTg, log-transformed triglycerides levels; SBP, systolic blood pressure; ref, reference;

NAFLD, non-alcoholic fatty liver disease.

and TSH levels [26]. The group was able to demonstrate
that the risk of NAFLD progressively decreased from a
hypothyroid to a hyperthyroid state [26]. However, in
both studies, there was no analysis within the normal ref-
erence range.

In 2014, a Chinese group analyzed the prevalence of
NAFLD in euthyroid subjects and found a positive asso-
ciation between TSH levels, even within the reference
range, and NAFLD, independent of known metabolic
risk factors, evaluated through multiple logistic regres-
sion [33]. However, this study evaluated less than 1,000
subjects. Our analysis has the strength of including more
than 10,000 subjects and we could not demonstrate this
independent association.

NAFLD is the most common liver disorder in West-
ern industrialized countries and shares the same risk
factors as type 2 diabetes, dyslipidemia, obesity, and
metabolic syndrome [34]. Indeed, it may often be recog-
nized as one of the metabolic syndrome features. Also,
TSH levels have been associated with increased body fat
and BMI, as well as increased cardiovascular risk [35],
although the studies are still controversial [36, 37].
Within the reference range, it was already acknowledged
that TSH levels seem to increase the BMI proportion-
ally [38]. The upsurge in BMI could lead to the meta-
bolic syndrome if other features are present and this
could justify our finding of the influence of normal thy-
roid function and its spectrum in the prevalence of
NAFLD.

The main limitation of this study is its cross-section-
al design, as we cannot exclude the possibility of differ-
ent results if a similar analysis was conducted consider-

306 Eur Thyroid ] 2018;7:302-307

DOI: 10.1159/000492324

ing the variation of TSH levels along the time. Another
point for discussion is that we only included TSH levels
within the reference range, what could mitigate the ex-
pected effect of overt hypothyroidism in NAFLD. Also,
as the individuals included were patients from a preven-
tive clinic, only TSH values were available and not thy-
roxine levels.

Overall, our study suggests that thyroid function, even
within the normal range, is associated with metabolic
syndrome, through which it may play a role in NAFLD.
This is an important finding because it opens a discussion
if the adequacy of the TSH level to a lower reference could
prevent the metabolic syndrome risk factors and, thus,
the emergence of NAFLD.
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