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THYROID FUNCTION AND DYSFUNCTION

Inverse Association Between
Serum Free Thyroxine Levels and Hepatic Steatosis:
Results from the Study of Health in Pomerania
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Background: Associations between thyroid function and hepatic steatosis defined by enzymatic and sonographic
criteria are largely unknown in the general population. Thus, the aim of the present study was to investigate the
association between thyroid function tests and sonographic as well as enzymatic criteria of liver status in a large
population-based study, the Study of Health in Germany (SHIP).

Methods: Data from 3661 SHIP participants without a self-reported history of thyroid or liver disease were
analyzed. Hepatic steatosis was defined as the presence of a hyperechogenic ultrasound pattern of the liver and
increased serum alanine transferase concentrations. Serum thyroid-stimulating hormone (TSH), free triiodo-
thyronine (FT3), and free thyroxine (FT4) concentrations were associated with hepatic steatosis using multino-
mial regression models adjusted for sex, age, physical activity, alcohol consumption, waist circumference, and
food intake pattern.

Results: We detected no consistent association of serum TSH and FT3 concentrations with hepatic steatosis. In
contrast, serum FI4 concentrations were inversely associated with hepatic steatosis in men (odds ratio
(OR)=0.04 [95% confidence interval (CI)=0.01; 0.17]) and women (OR=0.06 [95% CI=0.01; 0.42]).
Conclusions: Results from the present cross-sectional study suggest that low FT4 concentrations are associated
with hepatic steatosis. Longitudinal and intervention studies are warranted to investigate whether hypothy-

roidism increases the risk of hepatic steatosis or vice versa.

Introduction

HYROID HORMONES PLAY an important role in hepatic
lipid homeostasis (1) through increased expression of low-
density lipoprotein (LDL) receptors on the hepatocytes (2) and
the activation of lipid-lowering liver transaminases (3), which
result in lower serum LDL concentrations. On the other hand,
the liver metabolizes thyroid hormones and thereby influ-
ences the regulation of their systematic endocrine effects (4).
Several previous studies investigated thyroid function tests

in patients with liver cirrhosis (5-9), but only three studies
addressed the association between thyroid function tests and
hepatic steatosis (10-12). One study that was conducted in
inpatients using a matched case—control design demonstrated
a twofold higher risk of hypothyroidism in patients with he-
patic steatosis compared with controls (11). Another study

among 10,292 outpatients (12) investigated associations of
serum thyrotropin (thyroid-stimulating hormone; TSH) and
free thyroxine (FT4) concentrations with serum y-glutamyl
transpeptidase (GGT) and alanine aminotransferase (ALT)
concentrations. In that study (12), serum TSH concentrations
were positively associated with liver enzyme concentrations,
while serum FT4 concentrations were inversely related with
liver enzyme concentrations. Finally, a small case—control
study found significantly lower concentrations of FT4, but not
TSH, in men with alcoholic fatty liver disease (10).

The results of these studies (10-12) indicate that hypothy-
roidism might be related to hepatic steatosis. This seems to be
biologically plausible, as overt hypothyroidism is associated
with visceral obesity (13,14), metabolic syndrome (15), insulin
resistance (16), and lipid peroxidation (17), all of which are
closely related to hepatic steatosis. Moreover, evidence from
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population-based studies (18-21) suggests that sonographic
and laboratory markers of hepatic steatosis are associated
with the risk of atherosclerotic endpoints, and are therefore in
line with the increased cardiovascular risk in hypothyroidism
(22-24).

Previous studies are limited by selected populations
(10-12), small sample sizes (10,11), and potential residual
confounding through lacking information on influential
medications (e.g., thyroid hormone replacement or antithy-
roid drugs), lifestyle characteristics (e.g., alcohol consump-
tion), and obesity status among the study participants (10-12).
In addition, previous reports were partly based on increased
transaminase concentrations to indicate fatty liver (12), but
transaminase concentrations might be increased due to vari-
ous reasons not necessarily related to hepatic steatosis (25). In
contrast, the diagnosis of hepatic steatosis based on ultra-
sound and increased transaminase concentrations is much
more specific and sensitive than a diagnosis based solely on
liver enzymes (26).

To overcome the limitations of previous research, the aim
of the present study was to investigate the association be-
tween thyroid function tests and hepatic steatosis identified
by increased ALT concentrations and liver ultrasound. For
this, we used data from a large-scale population-based study,
the Study of Health in Germany (SHIP).

Materials and Methods
Study population

SHIP is a population-based study in West Pomerania, a
region in Northeast Germany. Details on study design have
been published previously (27,28). In brief, from the 212,157
inhabitants living in the area, a representative random sample
of 7008 subjects aged 20 to 79 years was selected using pop-
ulation registries where all German inhabitants are registered.
Only individuals with German citizenship and main resi-
dency in the study area were included. The net sample
(without migrated or deceased persons) comprised 6267 eli-
gible subjects, whereof 4308 finally participated (response
68.8%). All participants gave written informed consent. The
study conformed to the ethical guidelines of the Declaration of
Helsinki as reflected in an a priori approval by the local Ethics
Committee of the University of Greifswald.

There were 647 subjects (452 women) excluded due to (over-
laps exist) known self-reported thyroid disease (1n=349), current
thyroid-related medication according to the anatomical-
therapeutical-chemical code HO3 (1=285), positive hepatitis
antibodies or reported history of liver cirrhosis (2=37), and
missing data in any of the considered variables (n=131). The
final study population for the present analysis comprised
3661 subjects (1741 women).

Measurements

All participants underwent an extensive standardized
medical examination including the collection of blood sam-
ples. Liver ultrasound was performed by trained physicians
using a 5MHz transducer and a high-resolution instrument
(Vingmed VST Gateway, Santa Clara, CA). The sonographers
were unaware of the participant’s clinical and laboratory
characteristics. In SHIP, ultrasound examinations and read-
ings have strict quality standards (29,30). A hyperechogenic
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liver pattern was defined as the presence of a bright pattern
with evident density differences between hepatic and renal
parenchyma (21,31,32).

For laboratory examinations, nonfasting blood samples
were drawn from the cubital vein in the supine position. The
laboratory quarterly takes part in the official national German
external proficiency testing programs. In addition, internal
quality controls were analyzed daily. Serum ALT, aspartate
aminotransferase (AST), and GGT concentrations were mea-
sured photometrically (Hitachi 704; Roche, Mannheim, Ger-
many). ALT, AST, and GGT concentrations were expressed as
umol/(L-s), which corresponds to (umol/[L-s])x60=IU/L.
For ALT, concentrations exceeding the sex-specific 75th per-
centile were termed as increased ALT—0.69 umol/(L-s) in
men and 0.41 yumol/(L-s) in women. Hepatic steatosis was
defined as a hyperechogenic liver pattern in ultrasound and
increased ALT concentrations (33,34). Concentrations of TSH,
free triiodothyronine (FT3), and FT4 were analyzed by im-
munochemiluminescent procedures (FI3, LUMItest, Brahms,
Berlin, Germany; TSH and FT4, LIA-mat, Byk Sangtec Diag-
nostica GmbH, Frankfurt, Germany). All assays were per-
formed according to the manufacturer’s recommendations.
The functional sensitivity of the TSH assay was 0.03 mIU/L.
Hyper- and hypothyroidism as well as their overt and sub-
clinical forms were defined using reference limits established
in the study region (35). Hyperthyroidism was defined by
decreased serum TSH concentrations; hypothyroidism was
defined by increased serum TSH concentrations. Subclinical
hyper- or hypothyroidism was defined by decreased or in-
creased serum TSH concentrations and FT4 and FT3 concen-
trations being in the reference range. Overt hyper- or
hypothyroidism was defined by decreased or increased
serum TSH concentrations and increased or decreased FT3 or
FT4 concentrations.

The anthropometric measures included waist circumfer-
ence, measured to the nearest 0.1 cm using an inelastic tape
midway between the lower rib margin and the iliac crest in the
horizontal plane, with the subject standing comfortably with
weight distributed evenly on both feet. Lifestyle factors in-
cluded physical activity, food intake pattern, and alcohol
consumption. Subjects who participated in physical training
during summer or winter for at least 1 hour a week were
classified as being physically active. Alcohol consumption
was evaluated as beverage-specific alcohol consumption
(beer, wine, and distilled spirits) on the last weekend and last
weekday preceding the examination, and the mean daily al-
cohol consumption was calculated using beverage-specific
pure ethanol volume proportions (36). Food intake pattern
was selected from a validated food frequency questionnaire.
The classifications were summarized to a dietary pattern score
for each subject (37). Gender-specific tertiles of this score re-
flected the food quality: lower tertile, unfavorable dietary
pattern (<12 for men, <14 for women); medium tertile, in-
termediate dietary pattern (12 to 14 for men, 14 to 16 for
women); and upper tertile, favorable dietary pattern (> 14 for
men, > 16 for women).

Statistical analysis

Selected baseline demographic, behavioral, and clinical
characteristics were compared by sex using ;> test (qualitative
data) or Mann-Whitney U-test (quantitative data). Serum
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TABLE 1. SELECTED BASELINE CHARACTERISTICS STRATIFIED BY SEX

Men (n=1920) Women (n=1741) p’
Age (years) 50.5+16.6 48.1+16.1 <0.001
ALT (umol/[L-s]) 0.58+0.37 0.36+0.21 <0.001
AST (umol/[L-s]) 0.42+0.27 0.32+0.15 <0.001
GGT (umol/[L-s]) 0.81+1.73 0.37+£0.53 <0.001
TSH (mU/L) 0.77+0.86 0.99+3.12 <0.001
FT3 (pmol/L) 5.31+0.89 5.17+0.83 <0.001
FT4 (pmol/L) 13.11+3.07 12.43+4.49 <0.001
Hyperthyroidism 156 (8.1%) 123 (7.1%) 0.231
Subclinical 140 (7.3%) 109 (6.3%) 0.217
Overt 16 (0.8%) 14 (0.8%) 0.923
Hypothyroidism 34 (1.8%) 66 (3.8%) <0.001
Subclinical 29 (1.5%) 50 (2.9%) 0.005
Overt 5 (0.3%) 16 (0.9%) 0.008
Hyperechogenic liver pattern 724 (37.7%) 363 (20.8%) <0.001
Hepatic steatosis <0.001

US™ & ALT <75th percentile
US™ & ALT>75th percentile
US* & ALT <75th percentile
US" & ALT>75th percentile
Waist circumference (cm)
Alcohol consumption (g/day)
Physically active
Food intake pattern
Unfavorable
Intermediate
Optimal

1014 (52.8%)
182 (9.5%)
412 (21.5%)
312 (16.3%)
95.4+11.7
19.8+23.1
803 (41.8%)

683 (35.6%)
448 (23.3%)
789 (41.1%)

1107 (63.6%)
271 (15.6%)
167 (9.6%)
196 (11.3%)

82.5+13.1 <0.001
5.5+9.2 <0.001
772 (44.3%) 0.124
0.999

619 (35.6%)
406 (23.3%)
716 (41.1%)

Data are absolute numbers (percentages) or means+standard deviation.

p-Values were calculated with ;> test for categorical and Mann-Whitney U-test for continuous variables.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, y-glutamyl transpeptidase; TSH, thyroid-stimulating hormone; FT3,
free triiodothyronine; FT4, free thyroxine; US™, hyperechogenic liver ultrasound pattern; US™, normoechogenic liver ultrasound pattern.

TSH, FT3, and FT4 concentrations were associated with liver
enzymes and hyperechogenic liver pattern by multivariable
regression models adjusted for age, physical activity, alcohol
consumption, waist circumference, and food intake pattern.
For categorical outcomes, multinomial logistic regression
models were applied. To weaken the impact of outliers in the
exposure variable on the associations investigated, TSH, FT3,
and FT4 concentrations were power-transformed before they
were used in regression analyses (38). Since the interaction
term between serum TSH concentrations and sex was signif-
icantly associated to the outcome variables, all analyses were
done stratified for men and women. A value of p <0.05 was
considered statistically significant in all calculations. All sta-
tistical analyses were performed by Stata 11.0 (Stata Cor-
poration, College Station, TX).

Results

Characteristics of the study population are presented in
Table 1. Compared with women, men were older, had a
higher waist circumference, and consumed more alcohol.
Men also had significantly higher concentrations of liver en-
zymes (ALT, AST, and GGT), FT3, and FT4, but lower serum
TSH concentrations. Prevalence of a hyperechogenic liver
pattern was nearly twice as high in men than in women.
Similarly, we found a higher prevalence of hepatic steatosis
in men (16.3%) compared with women (11.3%).

Table 2 shows the results of the multinomial logistic re-
gression analyses, which revealed a borderline significant

association between serum TSH concentrations and hepatic
steatosis in men but not in women. No association was de-
tected between serum TSH concentrations and ALT concen-
trations within the reference range combined with a
hyperechogenic liver pattern in men and women. Further,
there were no significant interaction terms between serum
TSH concentrations and any of the confounders, which were
significantly associated with hepatic steatosis.

In both men and women, FT4 concentrations were signifi-
cantly associated with a hepatic steatosis (Table 2; Figs. 1 and 2).
The median of the serum FT4 concentration distribution,
lower, and upper reference limits established in the study
region (35) are provided in Figures 1 and 2. The graphs indi-
cate the probability for the outcome at a specific serum FT4
level. For example, the probability for the combined presence
of ALT concentrations >75th percentile and a hyperechogenic
liver pattern decreases from 22% at a serum FT4 level of
8.3 pmol/L to 8% at a serum FT4 level of 18.9 pmol/L. Results
did not differ significantly when additionally adjusted for
serum TSH concentrations.

FT3 concentrations were not associated with diagnostic
markers of hepatic steatosis with one exception. In men FT3
concentrations were positively associated with a hyperecho-
genic liver pattern in combination with normal ALT (Table 2).

For sensitivity analysis we categorized serum TSH con-
centrations according to hyper- and hypothyroidism. We
detected no association between hyper- or hypothyroidism
and hepatic steatosis in men or women (Table 3). Analyses
without adjustment for waist circumference revealed a
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TABLE 2. AsSOCIATION BETWEEN SERUM THYROID HORMONE CONCENTRATIONS AND HEPATIC STEATOSIS
IN MEN AND WOMEN
Men (n=1920) Women (n=1741)
Exposure OR [95% CI] p-Value OR [95% ClI] p-Value
Power-transformed TSH
US™ALT™ REF REF
US ALT* 3.15 [0.24; 41.92] 0.384 2.69 [0.61; 11.88] 0.192
US*ALT™ 1.10 [0.13; 9.04] 0.928 0.47 [0.05; 4.46] 0.509
US*YALT™ 7.00 [0.86; 56.90] 0.069 1.64 [0.27; 10.08] 0.594
Power-transformed FT4
US™ALT™ REF REF
US™ALT™ 0.66 [0.12; 3.52] 0.629 1.38 [0.35; 5.44] 0.644
US*YALT™ 0.20 [0.06; 0.67] 0.009 0.04 [0.01; 0.30] 0.001
US*TALT* 0.04 [0.01; 0.17] <0.001 0.06 [0.01; 0.42] 0.004
Power-transformed FT3
US™ALT™ REF REF
US ALT* 0.87 [0.24; 3.08] 0.827 0.62 [0.22; 1.75] 0.368
US*ALT™ 2.60 [1.03; 6.56] 0.043 0.45 [0.12; 1.78] 0.258
US*YALT™ 1.30 [0.43; 3.90] 0.640 1.19 [0.32; 4.44] 0.791

OR: outcome was analyzed by multinomial
circumference, and food intake pattern.

logistic regression adjusted for age, physical activity, alcohol consumption, waist

ALT", ALT >sex-specific 75th percentile; OR, odds ratio; CI, confidence interval.

significant association between hypothyroidism and hepatic
steatosis in women (odds ratio (OR)=2.23 [95% confidence
interval (CI)=1.11; 4.46]) but not in men (OR=1.89 [95%
CI=0.80; 4.53]).

Discussion

This is the first study to investigate whether there is an
association between thyroid function tests and hepatic stea-
tosis using a population-based design. We found an inverse
association between serum FT4 concentrations and hepatic
steatosis, whereas serum TSH and FT3 concentrations were
not consistently associated with hepatic steatosis after ad-
justment for sex, age, physical activity, alcohol consumption,
waist circumference, and food intake.

=== ALT increased, Ultrasound negative
ALT not increased, Ultrasound positive
= ALT increased, Ultrasound positive

Hepatic steatosis

17
FT4 in pmol/L

FIG. 1. Probability for hepatic steatosis at different serum-
free thyroxine (FT4) concentrations in men. Vertical dashed
lines represent the lower reference limit (8.3mIU/L), the
median of the serum FT4 level distribution (11.8mIU/L),
and the upper reference limit (18.9mIU/L). ALT, alanine
aminotransferase.

Our results partly agree with those from Targher et al. (12),
who reported positive or negative relations of serum TSH or
FT4 concentrations with serum ALT and GGT concentrations.
In our study there was only a significant inverse association
between FT4 concentrations and hepatic steatosis. Differences
between the study of Targher et al. (12) and our investigation
might have resulted from lack of consideration of major
confounders and mediators, such as waist circumference, al-
cohol consumption, and food intake pattern, in the latter
study (12). Further, the study by Targher et al. (12) was con-
ducted in inpatients with possible selection bias of more se-
vere forms of thyroid, liver, and comorbid conditions in the
analytical sample. In contrast, our study population was re-
cruited population-based where subjects with preclinical
states might be well presented. Moreover, the outcome in the
latter study (12) was only defined using serum transaminase

==="ALT increased, Ultrasound negative
s ALT not increased, Ultrasound positive -

= ALT increased, Ultrasound positive
|

Hepatic steatosis

s |
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05 :
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5 7 9 11 13 15 17
FT4 in pmol/L

FIG. 2. Probability for hepatic steatosis at different serum
FT4 concentrations in women. Vertical dashed lines repre-
sent the lower reference limit (8.3 mIU/L), the median of the
serum FT4 level distribution (11.8mIU/L), and the upper
reference limit (18.9 mIU/L).
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TABLE 3. AssoCIATION BETWEEN HYPER- AND HyPOTHYROIDISM AND HEPATIC STEATOSIS IN MEN AND WOMEN

Men (n=1920)

Women (n=1741)

Exposure OR [95% CI] p-Value OR [95% CI] p-Value
Hyperthyroidism
USTALT™ REF REF
US™ALT" 0.66 [0.29; 1.50] 0.323 1.06 [0.62; 1.79] 0.838
US*ALT" 0.82 [0.54; 1.25] 0.364 0.79 [0.42; 1.48] 0.463
USTALT" 0.73 [0.41; 1.29] 0.283 0.70 [0.36; 1.36] 0.293
Hypothyroidism
USTALT™ REF REF
US™ALT* 1.41 [0.48; 4.15] 0.533 1.36 [0.69; 2.67] 0.370
USTALT"™ 0.75 [0.24; 2.39] 0.629 0.82[0.31; 2.17] 0.695
US*ALT* 2.18 [0.84; 5.63] 0.109 1.30 [0.59; 2.86] 0.510

OR: outcome was analyzed by multinomial logistic regression adjusted for age, physical activity, alcohol consumption, waist

circumference, and food intake pattern.

Hyperthyroidism, TSH<0.25 mIU/L; hypothyroidism, TSH>2.12mIU/L.

concentrations, whereas hepatic steatosis was more sensi-
tively defined using both sonographic and laboratory criteria
in our study. Serum ALT concentrations are not only a marker
for liver disease but also for general cell death. Thus, the re-
ported association between serum TSH and ALT concentra-
tions might be referred to a relationship of serum TSH
concentrations with general cell death but not necessarily
with hepatic steatosis.

Liangpunsakul and Chalasani (11) reported a higher
prevalence of hypothyroidism in patients with a hepatic
steatosis than in controls. Our study did not confirm this
finding, since hypothyroidism defined by increased serum
TSH levels was not significantly associated with hepatic
steatosis. The results from the latter study (11), however,
might not be comparable to those from our study. Their study
population was recruited from inpatients (11) and, in contrast
to our study, hypothyroidism was defined according to
medication and previous diagnosis of hypothyroidism. Given
the clinical setting of the other study, the frequency of partici-
pants with overt hypothyroidism in the group of hypothyroid
individuals was higher than in our population-based study.
This suggestion is further supported by the fact that serum FT4
but not serum TSH levels were significantly associated with
hepatic steatosis in our study. Thus, overt but not subclinical
hypothyroidism might be associated with hepatic steatosis. In
our study population it was not possible to investigate the
association between overt hypothyroidism and hepatic stea-
tosis because the numbers were inadequately low.

Green et al. (10) reported decreased FT4 and T4 concen-
trations but normal FI3 and T3 concentrations in patients
with a fatty liver disease, whereas FT4 concentrations were
normal and FT3 concentrations decreased in end-stage liver
disease. Our study not only confirms the results from that
study, but extends current knowledge by providing evidence
that an association between FT4 and hepatic steatosis is not
only present in clinically well-defined patients but also in the
general population.

There are explanations, which may substantiate the rela-
tionship between thyroid function tests and hepatic steatosis.
First, the association between thyroid function and hepatic
steatosis might be related to the possible effect of hypothy-
roidism on the development of obesity (13,14). Adipokines
like leptin, secreted by visceral adipose tissue, stimulate the

hypothalamicpituitary-thyroid axis to increase TSH secretion
(38,39). In our analysis, hypothyroidism was associated with
hepatic steatosis in women but not in men without adjust-
ment for waist circumference. Thus, mediation by obesity
might play a role in the association between hypothyroidism
and hepatic steatosis even though we detected no consistent
association between serum TSH concentrations and hepatic
steatosis.

Second, patients with hypothyroidism have not only an
increased risk of hyperlipidemia (39) but also exhibit in-
creased fatty acid oxidation and hepatic output of triglycer-
ides. Consequently, hypothyroid patients might be prone to
altered lipid peroxidation (17), which is one of the leading
causes of liver cell damage (40). Third, decreased thyroid
function is associated with insulin resistance, which appears
to be a hallmark of hepatic steatosis (16), as well as features of
the metabolic syndrome (15), including visceral obesity, glu-
cose intolerance, hypertriglyceridemia, hypertension, and
low high-density lipoprotein cholesterol (41). Thyroid hor-
mones have pleiotropic effects on energy homeostasis (14,42),
lipid and glucose metabolism (43-45), and blood pressure
(46), relating thyroid hormone concentrations with parame-
ters of the metabolic syndrome.

On the other hand, the missing association between serum
TSH concentrations and hepatic steatosis along with the in-
verse association between serum FT'4 concentrations and he-
patic steatosis in our study might argue for a relationship
between hepatic steatosis and decreased thyroid function
tests in the alternative direction. In men, ~80% of T3 is pro-
duced from T4 by conversion in liver and kidneys. It is well
known that liver fat accumulation influences the metabolism
of different hormones. For example, increased 5f-reductase
activities (47) result in fewer cortisol / cortison metabolites and
an altered negative feedback control of the hypothalamic—
pituitary-adrenal axis, which in consequence enhances the
adrenocorticotropic hormone-dependent dehydroepiandroster-
on sulfate production. The inverse association between serum
dehydroepiandrosteron sulfate levels and the risk of hepatic
steatosis in young men has been suggested by our group
previously (48). Regarding thyroid hormones, the conversion
of T4 to T3 might be reduced by stress, starvation, or chronic
illness, which may result in the so-called low T3 syndrome or
nonthyroidal illness. This phenomenon has been explained by
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the idea that the body tries to reduce its metabolism to con-
serve energy. Early studies suggested that some fatty acids
are potent inhibitors of extrathyroidal T4 conversion (49).
Recently, it has been shown that impaired thyroid hormone
action itself may contribute to altered transcriptional changes
in human liver, which results in hepatic lipid accumulation
and might be associated with insulin resistance in fatty liver
(50). Therefore, an increase of fatty acids in hepatic steatosis
might inhibit T4 to T3 conversion, which in turn perpetuates
fat accumulation in the liver. Thus, the question of causality
remains unanswered by our cross-sectional study. Long-
itudinal and intervention studies to determine the direction of
causality are strongly needed in this respect.

In summary, results from the present cross-sectional study
suggest that low FT4 concentrations are associated with hepatic
steatosis. We detected no consistent association between serum
TSH concentrations and hepatic steatosis. Longitudinal and in-
tervention studies are warranted to investigate whether hypo-
thyroidism is causally related to hepatic steatosis or vice versa.
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