
11:2T Ittermann, R M Khattak 
et al.

Thyroid function and NAFLD e210566

RESEARCH

Association between thyroid function and 
assessment of hepatic fat and iron contents by 
magnetic resonance imaging
Till Ittermann 1,*, Rehman Mehmood Khattak1,2,*, Marcello R P Markus3, Jens-Peter Kühn4, Marie-Luise Kromrey5, 
Giovanni Targher6, Antje Steveling7, Matthias Nauck8,9 and Henry Völzke1

1Institute for Community Medicine, University Medicine Greifswald, Greifswald, Germany
2Department of Zoology, Islamia College Peshawar (CU), Peshawar, Pakistan
3Department of Internal Medicine B, University Medicine Greifswald, Greifswald, Germany
4Institute of Radiology, University Hospital, Carl-Gustav-Carus University, Dresden, Germany
5Department of Radiology and Neuroradiology, University Medicine Greifswald, Greifswald, Germany
6Division of Endocrinology, Diabetes and Metabolism, Department of Medicine, University of Verona, Verona, Italy
7Department of Internal Medicine A, University Medicine Greifswald, Greifswald, Germany
8Institute for Clinical Chemistry and Laboratory Medicine, University Medicine Greifswald, Greifswald, Germany
9DZHK (German Centre for Cardiovascular Research), Partner Site Greifswald, University Medicine, Greifswald, Germany

Correspondence should be addressed to T Ittermann: till.ittermann@uni-greifswald.de

*(T Ittermann and R M Khattak contributed equally to this work)

Abstract

The associations of thyroid function parameters with non-alcoholic fatty liver disease 
(NAFLD) and hepatic iron overload are not entirely clear. We have cross-sectionally 
investigated these associations among 2734 participants of two population-based cross-
sectional studies of the Study of Health in Pomerania. Serum levels of thyroid-stimulating 
hormone (TSH), free tri-iodothyronine (fT3), and free thyroxine (fT4) levels were measured. 
Liver fat content (by proton-density fat fraction) as well as hepatic iron content (by 
transverse relaxation rate; R2*) were assessed by quantitative MRI. Thyroid function 
parameters were associated with hepatic fat and iron contents by median and logistic 
regression models adjusted for confounding. There were no associations between serum 
TSH levels and liver fat content, NAFLD, or hepatic iron overload. Serum fT4 levels were 
inversely associated with liver fat content, NAFLD, hepatic iron contents, and hepatic iron 
overload. Serum fT3 levels as well as the fT3 to fT4 ratio were positively associated with 
hepatic fat, NAFLD, hepatic iron contents, but not with hepatic iron overload. Associations 
between fT3 levels and liver fat content were strongest in obese individuals, in which we 
also observed an inverse association between TSH levels and NAFLD. These findings might 
be the result of a higher conversion of fT4 to the biologically active form fT3. Our results 
suggest that a subclinical hyperthyroid state may be associated with NAFLD, particularly 
in obese individuals. Furthermore, thyroid hormone levels seem to be more strongly 
associated with increased liver fat content compared to hepatic iron content.

Introduction

Non-alcoholic fatty liver disease (NAFLD) is a common 
finding in individuals with obesity or type 2 diabetes mellitus 
and its prevalence is steeply increasing worldwide (1).  

Recent meta-analyses of observational studies revealed 
inconsistent findings regarding the association between 
subclinical or overt primary hypothyroidism and  
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NAFLD (2, 3). While a significant positive association 
was reported between variably defined hypothyroidism 
and NAFLD in one meta-analysis (3), no association was 
observed in another meta-analysis (2). Furthermore, some 
population-based studies showed an inverse association 
between serum free thyroxine (fT4) levels and NAFLD (4, 5). 
However, in only one of these studies, a positive association 
of thyroid-stimulating hormone (TSH) levels with NAFLD 
was also reported (4). Conversely, a case–control study, 
matching individuals with subclinical hypothyroidism to 
euthyroid controls, showed a positive association between 
serum TSH levels and NAFLD but failed to detect an 
association between serum fT4 levels and NAFLD (6).

A recent comprehensive review on this topic concluded 
that an association between primary hypothyroidism and 
risk of development and progression of NAFLD is likely, 
but that further mechanistic studies are needed to better 
elucidate the potential pathophysiological mechanisms 
underpinning this association (7). In the aforementioned 
studies, NAFLD was assessed either by liver ultrasound or 
blood biomarkers/scores (2, 3, 4, 5, 6). However, a major 
limitation of the ultrasound examination is its inability to 
detect small amounts of fat infiltration and to distinguish 
liver fat from iron (8). MRI techniques allow an accurate 
quantification of liver fat and iron contents via proton-
density fat fraction (PDFF) and transverse relaxation rate 
(R2*), respectively (8, 9, 10).

As far as we know, there are no population-based 
studies that investigated the associations of thyroid 
function parameters with NAFLD and hepatic iron 
overload together. An association between thyroid 
function and hepatic iron overload may be plausible 
because previous studies showed increased serum ferritin 
levels in individuals with hyperthyroidism (11, 12), even 
though this finding was not confirmed in a population-
based study (13). Against this background, the aim of our 
cross-sectional study was to investigate the associations 
of laboratory markers of thyroid function with NAFLD 
and hepatic iron overload, directly assessed by MRI, in the 
Study of Health in Pomerania (SHIP).

Materials and methods

Study population

The SHIP project includes several large population-
based studies, which were all conducted in the Northeast 
of Germany. In the first SHIP cohort SHIP-START, 
6265 individuals aged 20–79 years were selected from 

population registries, of which 4308 individuals (response 
68.8%) participated between 1997 and 2001 (14). For the 
present analysis, we used data from the second follow-up  
(SHIP-START-2), in which 2333 individuals aged 30–93 
years were examined between 2008 and 2012. In parallel to 
SHIP-START-2, baseline examinations of a second cohort 
were conducted (SHIP-TREND). For SHIP-TREND, a separate 
stratified random sample of 8826 adults aged 20–79 years 
was drawn and 4420 subjects participated between 2008 
and 2012 (response 50.1%). Assessment methods were the 
same in SHIP-START-2 and SHIP-TREND-0 and these study 
waves were the first, in which MRI examinations were part 
of the study protocol. In both studies, all participants gave 
written informed consent. The study was approved by the 
Local Ethics Committee of the University of Greifswald 
and followed the Declaration of Helsinki.

Of the 6753 individuals examined in the  
SHIP-START-2 and SHIP-TREND cohorts, we excluded 70 
individuals who had cirrhosis or chronic liver diseases and 
140 individuals who admitted to drink more than 60 g of 
alcohol per day over the last month prior to examination. 
Furthermore, we excluded 3787 individuals who did not 
attend MRI examinations and 156 individuals with missing 
data in exposures or confounders. As a consequence of 
these exclusions, the total study population comprised 
2600 middle-aged individuals (Fig. 1).

Assessments

Socio-demographic characteristics and history of 
diagnosed thyroid disorders were assessed by computer-
assisted personal interviews. Subjects who participated in 
physical training for less than 1 h a week were classified 
as being physically inactive. Mean daily beverage-specific 
alcohol (beer, wine, and distilled spirits) consumption 
was determined from alcohol intake on the last 30 days 
preceding the examination. Food intake patterns were 
selected from a validated food frequency questionnaire 
summarized to a dietary pattern score for each subject 
(15). Medication data were obtained online using the 
IDOM program (online drug-database leaded medication 
assessment) and categorized according to the Anatomical 
Therapeutical Chemical (ATC) classification index. 
Thyroid medication was defined by the ATC code H03.

Blood samples were taken non-fasting in SHIP-START-2. 
In SHIP-Trend, 75% of the blood samples were taken 
fasting. All samples were collected between 0:07 and 0:14 h  
and analyzed in the Institute of Clinical Chemistry and 
Laboratory Medicine of the University Medicine Greifswald. 
Alanine aminotransferase, aspartate aminotransferase, 
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and γ-glutamyltransferase were measured in µkatal/L using 
the Dimension Vista 1500 analytical system (Siemens 
Healthcare GmbH). Serum levels of TSH, fT3, and fT4 levels 
were analyzed on the same platform by a homogeneous, 
sequential, chemiluminescent immunoassays based on 
LOCI® technology (Dimension Vista®, Siemens Healthcare 
GmbH). The analytical measuring range for TSH was  
0.005–100 mIU/mL, and the functional sensitivity was  
0.005 mIU/L. High and low TSH were defined according to 
the reference limits 0.49 mIU/L and 3.29 mIU/L, which were 
established in SHIP-TREND (16). Likewise, high and low 
fT3 or fT4 were defined according to the reference ranges 
3.63–6.04 pmol/L for fT3 and 10.10–16.50 pmol/L for fT4, 
respectively. We also calculated the ratio between fT3 and 
fT4 levels.

Liver MRI was performed without intravenous contrast 
using a 1.5-Tesla MRI system (Magnetom Avanto, VB15; 
Siemens Healthineers) with a 12-channel-phased-array 
surface coil (8). Three-dimensional chemical shift encoded 
gradient-echo data with three echoes and flyback readout 
gradient were acquired from an axial slab during a single 
19-s breath-hold. Offline reconstructions of a PDFF map 
(including correction for T1 bias and T2* decay) and a 
R2* map (based on T2* decay measurement of PDFF) were 
performed (9). Parametric maps of PDFF and R2* were used 
for further analyses.

Mean PDFF and R2* values were determined at 
operator-defined regions of interest placed at the center 
of the liver, by using Osirix (v3.8.1; Pixmec Sarl, Bernex, 
Switzerland) (8). NAFLD was defined by an MRI-PDFF 
threshold ≥5.1%, while hepatic iron overload was defined 
by a threshold R2*≥ 43.9 (9).

Statistical analysis

Characteristics of the study population were reported 
stratified by thyroid function either as absolute numbers 
and percentages for categorical data or as medians, 25th, 
and 75th percentiles for continuous data. Thyroid function 
parameters (TSH, fT3, and fT4) were associated with MRI-
assessed hepatic fat and iron contents by median regression 
models adjusted for age, sex, daily alcohol consumption, 
BMI, physical activity, food frequency score, and time of 
blood sampling. We choose median regression because 
some of the considered outcomes were not normally 
distributed. Associations between thyroid biomarker 
concentrations and increased hepatic fat (NAFLD) and iron 
contents (hepatic iron overload) were analyzed by logistic 
regression models adjusted for the same set of confounders. 
Associations between thyroid biomarker concentrations 
and the combined endpoint of NAFLD and hepatic iron 
overload were analyzed by multinomial regression models 
with ‘no NAFLD and/or hepatic iron overload’ as the 
reference category adjusted for the same aforementioned 
confounders. To minimize the possible impact of outliers on 
the continuous exposure variables, serum TSH, fT3, and fT4 
concentrations were transformed by the Royston–Sauerbrei 
power transformation (17), which is a linear transformation 
of the variables into a range between 0.2 and 1.

All regression models were weighted for non-response 
to liver MRI examination. For this, inverse probability 
weights were calculated based on a logistic regression 
model with participation at the MRI examination as 
outcome and health-related as well as socioeconomic 
variables from the basic examinations as explanatory 

Figure 1
Consort diagram.
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variables. Due to this procedure, the influence of 
individuals from groups who are more likely to drop out 
is weighted up, while the influence of individuals from 
groups who are less likely to drop out is weighted down. 
A P  < 0.05 was considered statistically significant. All 
statistical analyses were conducted with STATA 16.1 (Stata 
Corporation, TX, USA).

Results

In our study population, there were 239 individuals with 
low TSH (9.2%) and 71 individuals with high TSH (2.7%). 
Of the 239 individuals with low TSH, 53 had high fT3 or fT4 
(22.1%). Of the 71 individuals with high TSH, 6 had low fT3 

or fT4 (8.5%). Individuals with low TSH were more likely to 
be older and had slightly higher values for BMI and liver 
fat content compared to individuals with serum TSH levels 
in the reference range (Table 1). Individuals with high TSH 
were more often female and had lower median values for 
BMI and liver fat than individuals with serum TSH levels 
in the reference range. The correlation coefficient between 
liver fat and liver iron content was low (r = 0.09), but liver 
iron content was higher in individuals with high liver fat 
content compared to those with low liver fat content.

After adjustment for confounding factors, we observed 
no significant associations of serum TSH levels with liver 
fat content or NAFLD, defined as MRI-PDFF liver fat content 
≥5.1% (Table 2). Serum fT4 levels were inversely associated 
with liver fat content and NAFLD, while serum fT3 levels 

Table 1 Characteristics of the study population stratified by serum TSH levels. Data are expressed as medians, 25th, and 75th 
percentile (continuous data) or as absolute numbers and percentages (categorical data).

Characteristics Normal TSH (n = 2290) Low TSH (n = 239) High TSH (n = 71)

Age (years) 52 (42, 60) 58 (47, 67) 51 (40, 63)
Men, n (%) 1104 (48.2%) 112 (46.9%) 25 (35.2%)
BMI (kg/m2) 27.2 (24.4, 30.4) 27.7 (24.6, 31.0) 26.5 (22.7, 29.1)
Waist circumference (cm) 89 (80, 99) 92 (81, 102) 85 (76, 92)
Alcohol consumption (g/day) 4.46 (1.31, 11.40) 2.61 (0.65, 7.57) 3.13 (0.73, 10.23)
Smoking status, n (%)
 Non-smoker 916 (40.0%) 80 (33.5%) 26 (36.6%)
 Former smoker 843 (36.8%) 105 (44.0%) 28 (39.4%)
 Smoker 531 (23.2%) 54 (22.6%) 17 (23.9%)
Food frequency score 14 (12, 16) 14 (12, 17) 15 (13, 18)
Physically active, n (%) 1623 (70.9%) 158 (66.1%) 54 (76.1%)
Glucose (mmol/L) 5.4 (5.0, 5.9) 5.4 (5.1, 6.0) 5.2 (4.9, 5.6)
HbA1c (%) 5.3 (4.9, 5.6) 5.4 (5.0, 5.7) 5.1 (4.8, 5.6)
Type 2 diabetes mellitus, n (%) 157 (6.9%) 29 (12.1%) 5 (7.0%)
HDL cholesterol (mmol/L) 1.42 (1.17, 1.71) 1.42 (1.17, 1.68) 1.41 (1.25, 1.70)
LDL cholesterol (mmol/L) 3.32 (2.70, 3.93) 3.36 (2.69, 4.01) 3.27 (2.68, 3.88)
Triglycerides (mmol/L) 1.36 (0.95, 1.99) 1.29 (0.92, 1.81) 1.50 (1.11, 2.08)
Triglycerides/HDL cholesterol ratio 0.93 (0.58, 1.58) 0.86 (0.61, 1.42) 1.10 (0.73, 1.58)
Systolic blood pressure (mmHg) 127 (115, 139) 129 (114, 140) 118 (110, 133)
Diastolic blood pressure (mmHg) 70 (63, 77) 76 (71, 84) 77 (69, 82)
Hypertension, n (%) 1022 (44.7%) 123 (51.7%) 25 (35.2%)
Heart rate (bpm) 70 (63, 77) 70 (61, 76) 69 (63, 77)
High-sensitive CRP (mg/L) 1.14 (0.62, 2.38) 1.29 (0.65, 2.96) 1.34 (0.63, 2.66)
Leptin (ng/mL) 10.2 (5.7, 19.8) 12.3 (5.4, 23.5) 11.5 (7.3, 21.0)
Thyroid-stimulating hormone (mIU/L) 1.19 (0.87, 1.60) 0.35 (0.25, 0.44) 3.88 (3.59, 5.27)
Free triiodothyronine (fT3) (pmol/L) 4.63 (4.29, 5.05) 4.76 (4.35, 5.12) 4.45 (4.10, 4.80)
Free thyroxine (fT4) (pmol/L) 13.3 (12.3, 14.4) 14.3 (13.0, 15.5) 12.6 (11.2,13.9)
fT3/fT4 ratio 0.35 (0.32, 0.39) 0.34 (0.29, 0.38) 0.37 (0.31, 0.40)
Thyroid medication use, n (%) 208 (9.1%) 57 (23.9%) 18 (25.4%)
Liver fat content, % 3.96 (2.48, 8.33) 4.21 (2.54, 9.07) 3.35 (2.14, 6.63)
NAFLDa, n (%) 913 (39.9%) 101 (42.3%) 24 (33.8%)
Liver iron content 34.3 (31.5, 38.3) 34.4 (31.8, 39.6) 35.0 (31.6, 37.9)
Hepatic iron overloadb 290 (12.7%) 33 (13.8%) 8 (11.3%)
Alanine aminotransferase (µkatal/L) 0.39 (0.29, 0.53 0.37 (0.29, 0.52) 0.37 (0.25, 0.53)
Aspartate aminotransferase (µkatal/L) 0.29 (0.23, 0.36) 0.29 (0.23, 0.36) 0.30 (0.22, 0.36)
γ-glutamyltranspeptidase (µkatal/L) 0.49 (0.39, 0.71) 0.50 (0.38, 0.68) 0.46 (0.35, 0.67)

aNAFLD was defined by an MRI-PDFF threshold of liver fat content ≥5.1%. bHepatic iron overload was defined by a threshold R2*≥ 43.9.
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were positively associated with these two outcomes (Fig. 2). 
The fT3/fT4 ratio was also positively associated with liver 
fat content and NAFLD.

There were no significant associations between serum 
TSH levels and hepatic iron content or hepatic iron 

overload, defined as MRI-assessed R2*≥43.9 (Table 3), but 
we detected significant associations of serum fT3 and fT4 
levels with liver iron content. Similar to the results for 
liver fat, serum fT4 levels were inversely associated with 
liver iron content, while serum fT3 levels were positively 
associated with this outcome. Serum fT4 levels were 
inversely associated with liver iron overload, but serum fT3 
levels were not significantly associated with this outcome. 
The fT3/fT4 ratio was positively associated with liver iron 
content, but not with liver iron overload.

We did not find any significant associations between 
serum TSH levels and the combined endpoint of liver fat 
and iron contents (Table 4). Compared to the base category 
‘no NAFLD and no liver iron overload,’ serum fT4 levels were 
inversely associated with all categories of the combined 
endpoint of NAFLD and liver iron overload. Serum fT3 
levels were positively associated with all categories of 
NAFLD but not with the category where only the liver iron 
content was increased.

All the above-mentioned results did not differ 
significantly even after excluding 283 individuals 
taking thyroid medication. We further investigated the 
interactions of thyroid hormone levels with type 2 diabetes 
mellitus and BMI on both liver fat content and liver iron 
content. While there were no significant interactions 
of serum TSH, fT3, or fT4 levels with type 2 diabetes 
mellitus on either liver fat content (P  = 0.371, 0.397, and 
0.824, respectively) or liver iron content (P  = 0.174, 0.971, 
and 0.704, respectively) in the fully adjusted regression 
models, the associations of serum TSH and fT3 levels 
with liver fat content were modified by BMI (both P  < 
0.001). Notably, we found that liver fat content was 
higher in obese individuals with low TSH and high fT3, 
while in individuals with normal weight or overweight, 
the strength of the associations was attenuated (Fig. 3).  

Figure 2
Associations of serum fT4 and fT3 levels with hepatic liver fat content after 
adjustment for age, sex, alcohol consumption, BMI, physical activity, food 
frequency score, and time between blood sampling and MRI examinations. 
Results are presented as adjusted regression curves and 95% CIs.

Table 2 Associations of thyroid function parameters with liver fat content and non-alcoholic fatty liver disease (NAFLD). Data are 
expressed as β coefficients and 95% CI from median regression models for the continuous outcome liver fat or as odds ratio and 
95%-CI from logistic regression models for the dichotomous outcome NAFLD. Continuous exposures were power-transformed to 
minimize the effect of outliers on the results. All models were adjusted for age, sex, alcohol consumption, BMI, physical activity, 
food frequency score, and time of blood sampling.

Exposure
Liver fat content NAFLDa

β (95% CI) P value Odds ratio (95% CI) P value

Power-transformed TSH 0.32 (−0.46, 1.10 ) 0.426 1.16 (0.58, 2.32) 0.672
High TSH 0.26 (−0.39, 0.91) 0.437 1.13 (0.64, 2.00) 0.669
Low TSH −0.24 (−0.60, 0.12) 0.191 0.83 (0.58, 1.20) 0.325
Power-transformed fT4 −1.41 (−2.41, −0.42) 0.005 0.33 (0.16, 0.71) 0.004
Power-transformed fT3 2.88 (2.08, 3.67) <0.001 10.08 (4.59, 22.15) <0.001
Power-transformed fT3/fT4 ratio 3.50 (2.27, 4.73) <0.001 14.68 (6.68, 31.99) <0.001

aNAFLD was defined by an MRI-PDFF threshold of liver fat content ≥5.1%.
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In non-obese individuals, there was a positive association 
between serum TSH levels and liver fat content. Finally, we 
observed no significant interaction of fT4 levels with BMI 
on liver fat content (P  = 0.108) as well as no significant 
interactions of TSH, fT3, and fT4 with BMI on liver iron 
content (P  = 0.992, 0.374, and 0.941, respectively).

Discussion

In our population-based study of German middle-aged 
individuals, we observed no significant associations of 
serum TSH levels with NAFLD or hepatic iron overload 
as determined by MRI. Serum fT3 levels were positively 
associated with NAFLD but not with hepatic iron overload, 
whereas serum fT4 levels were inversely associated with 
both NAFLD and hepatic iron overload as determined 
by MRI. Interaction analyses showed that the positive 
associations of serum fT3 levels with hepatic fat were 
strongest among obese individuals. In that subgroup 
of individuals, we also observed an inverse association 
between serum TSH levels and hepatic fat content.

A recent meta-analysis (3), as well as longitudinal 
data from the Rotterdam study (4), showed a significant 

association between hypothyroidism and NAFLD. Likewise, 
previous studies also showed a positive association 
between serum TSH levels and NAFLD (4, 6, 18). In contrast 
to the latter studies, but in line with a previous report 
from our study region (5), we did not find any significant 
association of serum TSH levels with liver fat content or 
NAFLD. This discrepancy may be related to the relatively 
low number of hypothyroid individuals in our study, 
which is a consequence of the long-term iodine deficiency 
in Germany persisting until the middle of the 1990s (19). 
Thus, due to the low number of individuals with high TSH 
levels we may have overlooked an association between 
serum TSH levels and NAFLD. Furthermore, our interaction 
analyses of TSH with BMI on hepatic fat content pointed 
toward a positive association between serum TSH levels 
and hepatic fat content in individuals with a BMI < 25 
kg/m2, while in obese individuals we observed an inverse 
association of serum TSH levels with hepatic fat content. 
Thus, some discrepancies between studies might also 
be related to different body fat distributions of the  
study populations.

Previous studies diagnosed NAFLD with either 
ultrasonography (5, 6, 18) or fatty liver index (4). In 
our study, we defined NAFLD according to MRI-PDFF,  

Table 3 Associations of thyroid function parameters with liver iron content and liver iron overload. Data are expressed as β 
coefficients and 95% CI from median regression models for the continuous outcome liver iron content or as odds ratio and 95% CI 
from logistic regression models for the dichotomous outcome iron overload. Continuous exposures were power-transformed to 
minimize the effect of outliers on the results. All models were adjusted for age, sex, alcohol consumption, BMI, physical activity, 
food frequency score, and time of blood sampling.

Exposure
Liver iron content Liver iron overloada

β (95% CI) P -value Odds ratio (95% CI) P -value

Power-transformed TSH −0.92 (−2.39, 0.54) 0.218 1.18 (0.47, 2.94) 0.723
High TSH 0.35 (−0.57, 1.27) 0.455 1.02 (0.40, 2.57) 0.969
Low TSH 0.12 (−0.84, 1.08) 0.808 1.04 (0.68, 1.61) 0.850
Power-transformed fT4 −2.27 (−4.00, −0.52) 0.011 0.35 (0.13, 0.93) 0.035
Power-transformed fT3 2.14 (0.38, 3.89) 0.017 0.74 (0.24, 2.29) 0.599
Power-transformed fT3/fT4 ratio 3.22 (1.58, 4.87) <0.001 2.16 (0.79, 5.93) 0.134

aLiver iron overload was defined by a threshold R2*≥ 43.9.

Table 4 Associations of thyroid function with the combined endpoint of NAFLD and hepatic iron overload. Data are reported as 
relative risk ratios (RRR) derived from multinomial logistic regression models with base category ‘no hepatic fat and no hepatic iron 
overload’ adjusted for age, sex, alcohol consumption, BMI, physical activity, food frequency score, and time of blood sampling.

Exposure

Combined endpointa

+Fat −iron −Fat +iron +Fat +iron
RRR P value RRR P value RRR P value

Power-transformed TSH 1.23 (0.59, 2.57) 0.576 1.59 (0.44, 5.79) 0.479 1.29 (0.37, 4.46) 0.690
Power-transformed fT4 0.34 (0.15, 0.75) 0.008 0.22 (0.05, 0.89) 0.035 0.16 (0.04, 0.62) 0.008
Power-transformed fT3 8.20 (3.56, 18.87) <0.001 0.25 (0.06, 1.07) 0.062 9.56 (1.93, 47.28) 0.006
Power-transformed fT3/fT4 ratio 13.06 (5.67, 30.06) <0.001 1.26 (0.33, 4.77) 0.733 30.51 (6.96, 133.7) <0.001

aCombined endpoint: NAFLD was defined by an MRI-PDFF threshold of liver fat content ≥5.1% plus liver iron overload was defined by a threshold R2*≥ 43.9.
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which allows not only an accurate assessment of hepatic  
fat but also hepatic iron content (8). In a comparison study, 
we showed that hepatic steatosis, measured by ultrasound, 
was a very sensitive marker for hepatic steatosis determined 
by MRI-PDFF for individuals with moderate or severe 
hepatic fat content, but in the group with low hepatic fat 
content, the sensitivity of ultrasound was only 65% (20). 
Thus, the conflicting findings of our study to previous 
studies might to some extent be explained by different 
measurement techniques of hepatic fat content.

In our study, we observed inverse associations of serum 
fT4 levels with NAFLD and hepatic iron overload, while 
serum fT3 levels were positively associated with NAFLD. An 
inverse association between serum fT4 levels and NAFLD 
was also found in previous population-based studies (4, 5, 
21), of which one also showed a positive association between 
serum fT3 levels and NAFLD (21). These oppositional 
associations of fT3 and fT4 with NAFLD might be partly 
explained by different degrees of body fat accumulation. 

A previous study involving 160 obese adolescents showed 
a significantly higher fT3/fT4 ratio in those with NAFLD 
compared to their counterparts without NAFLD (22). 
Likewise, serum fT3 levels were positively associated with 
the components of the metabolic syndrome (22), and 
another study showed that body weight reduction was 
associated with a decrease in serum fT3 levels as a putative 
adaptive mechanism (23). In our study population, about 
one-third of the individuals were obese and the observed 
significant associations of serum fT3 levels with liver 
fat content were strongest in obese individuals. Thus, 
our findings might be explained by a higher conversion 
rate of fT4 to fT3 due to increased deiodinase activity 
as a compensatory mechanism for increased body fat 
accumulation (23). Overall, the concentration of thyroid 
hormones may not be markedly decreased or increased, 
so that the pituitary gland is not affected through the 
negative feedback loop to alter the release of TSH. In obese 
individuals, however, we found an inverse association 
between serum TSH levels and liver fat content, which 
may be a consequence of the stronger association of serum 
fT3 levels with liver fat in obese individuals compared to 
individuals with normal weight or overweight.

For hepatic iron content, our results were to some 
extent similar to those for NAFLD, but there were no 
significant associations of fT3 and fT3/fT4 ratio with 
hepatic iron overload. Likewise, when looking at the 
combined endpoint of NAFLD and hepatic iron overload, 
we observed only for low fT4 an increased risk for hepatic 
iron overload in the absence of NAFLD. Thus, our results 
may argue for a stronger association between thyroid 
hormones and NAFLD than hepatic iron overload. The 
underlying mechanisms explaining the associations 
of thyroid dysfunction with NAFLD and hepatic iron 
overload may be somewhat similar since thyroid hormone 
alterations, NAFLD, and hepatic iron accumulation are 
strongly related with metabolic factors, such as obesity and 
insulin resistance (24, 25).

The results of our study may stress that not only 
subclinical hypothyroidism but also hyperthyroidism 
is associated with increased hepatic fat particularly in 
obese individuals. However, one has to be cautious with 
these findings, and our results have to be further verified 
in longitudinal studies, which should focus on obese 
individuals and include participants from regions with 
different history of iodine supply.

One of the most important strengths of our study is its 
population-based design including about 2500 individuals 
in total. Additionally and, most importantly, we assessed 
liver fat and iron contents by chemical shift MRI 

Figure 3
Associations of serum TSH and fT3 levels with hepatic fat content for 
different BMI values after adjustment for age, sex, alcohol consumption, 
physical activity, food frequency score, and time between blood sampling 
and MRI examinations. Results are expressed as β-coefficients and 95% CI 
for different BMI values.
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techniques for the precise quantification of NAFLD and 
hepatic iron overload. Liver biopsy is an invasive method 
and is inappropriate for screening as well as unethical for 
epidemiological studies (26, 27). Liver ultrasonography 
is less accurate for quantifying liver fat (especially when 
less of 20% of hepatocytes are steatotic) and does not 
allow to differentiate hepatic fat from hepatic iron (28, 
29). The major limitation of our study is its cross-sectional 
design from which we cannot draw any causal inference. 
Furthermore, we had substantial dropout of individuals 
to MRI examinations. To account for this issue, we used 
inverse probability weighing.

While serum levels of fT4 were inversely associated with 
NAFLD, there were positive associations of serum fT3 levels 
and the fT3/fT4 ratio with NAFLD. These findings might be 
the result of a higher conversion of fT4 to the biologically 
active form fT3. In obese individuals, we observed an 
inverse association between serum TSH levels and NAFLD, 
which may indicate that a subclinical hyperthyroid state 
is associated with NAFLD particularly in obese individuals. 
Furthermore, thyroid hormone levels seemed to be more 
strongly associated with liver fat compared to liver iron 
content.
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