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Abstract
Previous studies on the association between thyroid function and body composition are con�icting and
showed strong differences across age groups. Our aim was to clarify age-speci�c associations of serum
thyroid-stimulating hormone (TSH) levels with markers of body composition including body mass index
(BMI), waist circumference, fat mass (FM), fat-free mass (FFM) and body cell mass (BCM). We used data
from two independent population-based cohorts within the framework of the Study of Health in
Pomerania (SHIP). The study population included 5,656 individuals aged 20 to 90 years. Markers of body
composition were measured by bioelectrical impedance analysis. Serum TSH levels were signi�cantly
positively associated with BMI (β=0.16; 95% con�dence interval [CI]: 0.06 to 0.27), waist circumference
(β=0.35; 95% CI: 0.08 to 0.62) and FM (β=0.32; 95% CI: 0.12 to 0.52), but not with FFM an BCM.
Interaction analysis revealed positive associations of serum TSH levels with BMI, waist circumference,
FM, FFM and BCM in individuals older than 60 years, while no such associations were observed in
younger individuals. We demonstrated that lower serum TSH levels were accompanied with lower values
of BMI, waist circumference, FM, FFM, and BCM in the elderly, while no such associations were observed
in younger individuals.

Introduction
The prevalence of obesity has been dramatically increased during the last decades reaching epidemic
proportions 1. This trend is accompanied by a higher prevalence of cardiovascular events, cardiovascular
mortality, type 2 diabetes mellitus, and cardiovascular risk factors 2-6. Thus, it is important to minimize
risk factors involved in the pathogenesis of obesity. With respect to thyroid dysfunction, several cross-
sectional population-based studies in adults as well as in children demonstrated signi�cant associations
of high thyroid-stimulating hormone (TSH) with body mass index (BMI) and waist circumference 7-12.
Likewise, increasing serum TSH levels in the reference range were associated with a higher risk to be
obese in cross-sectional population-based studies 8,10. Longitudinal studies, however, failed to show
positive associations of serum TSH levels at baseline with changes in body weight or waist
circumference 8,11.

To understand effects of thyroid dysfunction on body composition, it is important to not just look at the
global obesity marker BMI but also at speci�c markers of body composition including fat mass (FM), fat-
free mass (FFM) and body cell mass (BCM). While there are many studies investigating associations of
thyroid function with BMI, fewer studies researched potential associations of thyroid dysfunction with
muscle or lean mass. In a cross-sectional, population-based study with 946 males aged 25 to 45 years no
signi�cant association between serum TSH levels and lean mass was observed 13.

All other studies on such potential associations were conducted in the elderly and revealed con�icting
results 14-17. In a study with 408 women ≥ 65 years old serum TSH levels at baseline were associated
with low appendicular muscle mass after a mean follow-up time of 4.3 years 16, whereas in a cross-



Page 3/14

sectional population-based study with 6974 individuals ≥ 50 years serum TSH levels were not associated
with muscle mass determined by bioelectrical impedance analysis (BIA) 17. Furthermore, one cross
sectional 15 and one longitudinal 14 population-based study failed to demonstrate signi�cant
associations between subclinical hypothyroidism and FFM. Against this background the aim of the
present study was to clarify age-speci�c associations of serum TSH levels with markers of body
composition including BMI, waist circumference, FM, FFM and BCM. For this, we use data from two
cross-sectional population-based studies, where FM, FFM and BCM were determined by BIA.

Results
There were 5,082 individuals with serum TSH levels within the reference range, 438 individuals with low
and 165 individuals with high TSH levels (Table 1). Individuals in the low TSH group were more often
males and in median older than individuals with serum TSH levels within the reference range. Markers of
body composition did not differ considerably between groups of low TSH and TSH within the reference
range. Individuals with high TSH were less often males and in median younger than individuals with
serum TSH levels within the reference range. Markers of body composition, particularly FFM and BCM,
were lower in the high TSH group compared to individuals with serum TSH levels within the reference
range.

Table 1. Characteristics of the study population
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  TSH in reference
range

(n=5056)

Low TSH

(n=435)

High TSH

(n=165)

Age; years 52 (41; 64) 62 (50; 71) 47 (34; 62)

Males 2622 (51.6%) 242 (55.3%) 105 (63.6%)

Smoking status

                former

                current

 

1909 (37.6%)

1324 (26.1%)

 

185 (42.2%)

104 (23.7%)

 

59 (35.8%)

50 (30.3%)

Body mass index; kg/m2 27.4 (24.5; 30.8) 27.7 (25.0;
31.1)

26.5 (22.5;
30.4)

Waist circumference; cm 91 (81; 101) 93 (83; 104) 87 (76; 98)

Fat mass; kg 22.1 (17.2; 28.4) 22.3 (17.1;
28.1)

21.0 (16.4;
28.7)

Fat-free mass; kg 56.2 (47.1; 66.8) 57.4 (47.7;
66.3)

51.4 (45.4;
63.2)

Body cell mass; kg 29.0 (23.9; 36.0) 28.9 (23.3;
34.7)

26.2 (23.1;
33.6)

Systolic blood pressure; mmHg 129 (116; 141) 132 (119; 145) 123 (113; 138)

Diastolic blood pressure;
mmHg

78 (71; 85) 77 (70; 84) 77 (69; 83)

Continuous data is expressed as median, 25th, and 75th percentile; categorical data as absolute
numbers and %

In multivariable linear regression adjusted for age, sex, smoking status and study, serum TSH levels used
as continuous variable were signi�cantly positively associated with BMI (β=0.16; 95% con�dence interval
[CI] = 0.06 to 0.27), waist circumference (β=0.35; 95% CI = 0.08 to 0.62) and FM (β=0.32; 95% CI = 0.12 to
0.52), but not with FFM and BCM (Table 2). We observed no signi�cant associations of the categorized
TSH variables with markers of body composition. Serum TSH levels in the reference range were positively
associated with BMI (β=0.47; 95% CI = 0.25 to 0.69), waist circumference (β=1.01; 95% CI = 0.45 to 1.56),
and FM (β=0.90; 95% CI = 0.48 to 1.31) but not with FFM and BCM (Table 3).

Table 2. Associations between serum TSH levels and markers of body composition
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  TSH; mIU/L 0.49≤TSH<3.29
β (95%-CI)

TSH<0.49
β (95%-CI)

TSH≥3.29
β (95%-CI)

Body mass index;
kg/m2

0.16 (0.06;
0.27)*

Reference -0.31 (-0.76;
0.16)

-0.15 (-0.88;
0.59)

Waist circumference;
cm

0.35 (0.08;
0.62)*

Reference -0.65 (-1.81;
0.52)

-0.17 (-1.99;
1.66)

Fat mass; kg 0.32 (0.12;
0.52)*

Reference -0.47 (-1.34;
0.41)

0.12 (-1.24;
1.49)

Fat-free mass; kg 0.11 (-0.06;
0.28)

Reference -0.28 (-1.01;
0.44)

-0.25 (-1.39;
0.88)

Body cell mass; kg 0.02 (-0.08;
0.12)

Reference -0.32 (-0.76;
0.12)

-0.54 (-1.23;
0.14)

Association between TSH and markers of body composition were analyzed by linear regression
models adjusted for age, sex, smoking status and study. We calculated two models for each
outcome – the first with continuous TSH and the second with TSH categorized into three
groups with 0.49≤TSH<3.29 as reference category.
CI confidence interval
*p<0.05

Table 3. Associations between serum TSH levels in the reference range and markers of body
composition

  TSH in the reference range; mIU/L

Body mass index; kg/m2 0.47 (0.25; 0.69)*

Waist circumference; cm 1.01 (0.45; 1.56)*

Fat mass; kg 0.90 (0.48; 1.31)*

Fat-free mass; kg 0.33 (-0.01; 0.68)

Body cell mass (BCM); kg 0.05 (-0.15; 0.26)

Association between TSH in the reference range and markers of body composition were
analyzed by linear regression models adjusted for age, sex, smoking status and study.
Individuals with serum TSH levels < 0.49 mIU/L or TSH ≥ 3.29 mIU/L were excluded from
these analyses.
CI confidence interval
*p<0.05

There were no signi�cant interactions of TSH with sex on markers of body composition, while
interactions of TSH with age were signi�cantly associated with all outcomes (Table 4). Interaction
analyses revealed that serum TSH levels were signi�cantly positively associated with BMI and FM in
individuals older than 50 years but not in individuals younger than 50 years (Figure 1). Positive
associations of serum TSH levels with FFM and BCM were observed in the elderly (≥ 60 years; Figure 1),
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whereas in individuals < 60 years serum TSH levels were not signi�cantly associated with FFM. In
individuals younger than 40 years serum TSH levels were inversely associated with BCM. Figure 1 shows
age-speci�c β coe�cients for serum TSH levels on markers of body composition together with their 95%
con�dence intervals for based on the interaction models.

Table 4. Interactions of serum TSH levels with age and sex on markers of body composition 
  Interaction age and TSH

p
Interaction sex and TSH

p

Body mass index; kg/m2 0.028 0.966

Waist circumference; cm 0.056 0.902

Fat mass; kg 0.072 0.830

Fat-free mass; kg 0.005 0.741

Body cell mass (BCM); kg <0.001 0.535

p values derived from linear regression models with TSH, age, sex, smoking status, study and
the respective interaction term

 

Discussion
In the present analysis we investigated associations of serum TSH levels with body composition in two
large population-based studies under exclusion of individuals taking thyroid medication. We found
positive associations of serum TSH levels with BMI, waist circumference, FM and FFM in the elderly,
while in younger individuals only an inverse association with BCM was observed. These positive
associations may be either explained by higher levels of BMI, waist circumference, FM, and FFM in
individuals with high TSH levels or to lower levels of these markers in individuals with low TSH levels.

The positive associations of TSH with BMI and waist circumference observed in our study are in line with
results from a previous study including cross-sectional data of �ve population-based studies from
Germany, Netherlands and Denmark 8. Likewise, further cross-sectional studies from Norway 10, Denmark
12 and USA 11 con�rmed this �nding. Longitudinal studies, however, reported con�icting results. While
most of the studies did not demonstrate signi�cant associations between serum TSH levels at baseline
and changes in BMI 11,14,18, one study, which used data from four European population-based studies,
reported an inverse association between serum TSH levels at baseline and �ve-year-changes in BMI 8.
This �nding may be explained by the fact that in three of the four included studies participants were
informed about their TSH level, which may have resulted in a reduction of serum TSH levels due to
levothyroxine treatment in individuals with high TSH levels. This reduction in TSH levels may have led to
a reduction in body weight. In agreement with this assumption several population-based studies
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demonstrated that a decline in serum TSH levels was associated with decreased body weight 7,8,18. These
�ndings argue for only a short-term effect of serum TSH levels on the development of body weight.

Until the middle of 1990ies, when an iodine forti�cation program was initiated, Germany was a region of
mild to moderate iodine de�ciency 19,20. As a consequence, TSH levels are on average lower in the elderly
than in younger individuals of our study region, because the elderly suffered longer from iodine de�ciency
21. Likewise, in our population low TSH values are more frequently found than high TSH values. Thus, the
observed positive association of serum TSH levels with FFM and BCM in the elderly may be related to a
reduced FFM in individuals with low TSH.

Such an association is plausible because hyperthyroidism has several metabolic effects such as an
increase of O2 consumption, thermogenesis and increased lipid mobilization 22,23. These factors
contribute to a loss of weight 23 particularly because of a loss in FFM 24. In the younger individuals of our
study we did not observe a signi�cant association of TSH with FFM, which agrees with a previous study
conducted in 941 males aged 25 – 45 years 13. This lack of an association may be because younger
individuals were less affected by the previous iodine de�ciency resulting in a much lower number of
individuals with low TSH values.

Of the four studies, which investigated associations between thyroid function and FFM in the elderly, two
were focusing on the effects of subclinical hypothyroidism on FFM measured by DXA in iodine replete
regions 14,15. In that studies no signi�cant associations of subclinical hypothyroidism with FFM were
demonstrated. These �ndings are in agreement with a large population-based study from Brazil, in which
no association between serum TSH levels and FFM determined by BIA was observed 17. Another Brazilian
study, however, demonstrated a signi�cant positive association of serum TSH levels at baseline with a
low muscle mass index (as de�ned as muscle mass in arms and legs divided through BMI) at follow-up
in 408 women older than 65 years 16. The different �ndings of that study 16 to our and other studies
14,15,17 may be explained by different study populations (only women included), different histories of
iodine supply and particularly by different outcome de�nitions. While our and the other studies were
focusing on total FFM 14,15,17, Machado et al. looked at appendicular muscle mass, an outcome which
may be more tightly related to muscle strength than to total FFM. In line with this assumption previous
studies showed signi�cant associations between high TSH values and muscle strength determined by a
handgrip strength test 17,25.

Strengths of our study are its population-based design and the large number of individuals covering a
wide adult age range of 20 to 90 years. Limitations arise from the cross-sectional design of our study not
allowing to draw causal inference. Furthermore, in our study body composition was assessed by BIA
rather than by DXA, which is the gold-standard method for determination of FFM but due to German
jurisdiction it is not possible to conduct DXA in population-based German studies because of the
radiation.
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We demonstrated that lower serum TSH levels were accompanied with lower values of BMI, waist
circumference, FM, FFM, and BCM in the elderly, while no such associations were observed in younger
individuals. Thus, our results may indicate that treatment of older individuals with low TSH levels could
prevent harmful effects of sarcopenia. Further, particularly longitudinal studies are needed to verify our
�ndings.

Materials And Methods
Analyses are based on data from two independent cohorts of the Study of Health in Pomerania (SHIP),
conducted in the Northeast Germany 26. For the baseline examination of the �rst SHIP cohort (SHIP-0)
6,267 eligible subjects were randomly selected from population registries, of which 4,308 individuals were
examined between 1997 and 2001 (response 68.8%). In the present analyses we used data from the
second follow-up of SHIP-0 (SHIP-2), in which 2,333 individuals aged 30 – 93 years were examined
between 2008 and 2012. In parallel to SHIP-2, a second independent cohort (SHIP-Trend-0) was
established in the same study region. For this study, 8,800 eligible subjects were randomly chosen from
population registries and 4,420 individuals aged 20 – 84 years participated (net response 50.1%). From
the 6,753 participants in SHIP-0 and SHIP-Trend, we excluded 763 individuals, who took thyroid
medication. Furthermore, we excluded 334 individuals with missing data in any of the considered
outcomes, exposures or confounders resulting in a study population of 5,656 individuals.

Information on medication intake and smoking status was gathered by computer-assisted personal
interviews. All participants were asked to bring all medications taken 7 days prior to the time of
examination. Medication data were obtained online using the IDOM program (online drug-database
leaded medication assessment) and categorized according to the Anatomical Therapeutical Chemical
(ATC) classi�cation index. Thyroid medication was de�ned by the ATC code H03. Smokers were
categorized into three categories (lifetime non-smokers, former smokers, and current smokers). Height
and weight were measured for the calculation of the BMI = weight (kg) / height2 (m2). Waist
circumference was 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. Systolic and diastolic blood pressures were measured three times after an
initial �ve-minute rest period on the right arm of seated individuals using a digital blood pressure monitor.
Measurements were separated by three-minute intervals. The mean of the second and third
measurements was calculated and used for the present analyses.

FM, FFM, and BCM were measured by BIA using a multifrequency Nutriguard‐M device (Data Input,
Pöcking, Germany) and the NUTRI4 software (Data Input, Pöcking, Germany) in participants without
pacemakers. The electrodes were placed on hand, wrist, ankle, and foot. The test frequency was
measured at 5, 50, and 100 kHz following the manufacturer's instructions 27.

Non-fasting blood samples were taken between 07:00 a.m. and 04:00 p.m.. Serum TSH levels were
analyzed in the central laboratory of the University Medicine Greifswald by a homogeneous, sequential,
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chemiluminescent immunoassay based on LOCI® technology (Dimension Vista ® System Flex ® reagent
cartridge, Siemens Healthcare Diagnostics Inc., Newark, DE, USA). The analytical measuring range was
0.005 mIU/mL – 100 mIU/mL. High and low TSH were de�ned using the reference limits 0.49 mIU/L and
3.29 mIU/L as established in SHIP-Trend-0 21.

Statistical methods

Strati�ed by thyroid function status, continuous data is presented as median, 25th, and 75th percentile
and categorical data as absolute numbers and percentages. Linear regression models adjusted for age,
sex, smoking status, and study were used to associate serum TSH levels with markers of body
composition. For each marker of body composition we calculated three models – the �rst using TSH as
continuous variable over the full range, the second categorizing TSH into the three groups high, low, and
TSH in the reference range, and the third using TSH as continuous variable over the reference range under
exclusion of individuals with high or low TSH. In these analyses a p<0.05 was considered as statistically
signi�cant. To investigate potential effect modi�cation by age and sex, we introduced interactions of TSH
with age and sex in the liner regression models. Here a p<0.1 was considered as statistically signi�cant.
All analyses were conducted with Stata 16.1 (Stata Corporation, College Station, TX, USA).

Declarations
Ethics approval and consent to participate

All participants gave informed written consent and both studies followed the recommendations of the
Declaration of Helsinki and were approved by the Ethics Committee of the University of Greifswald.

Data availability

Data from the "Study of Health of Pomerania" are available from the University Medicine Greifswald,
Germany but restrictions apply to the availability of these data, which were used under license for the
current study, and so are not publicly available. Data are however available upon reasonable request at
https://www.fvcm.med.uni-greifswald.de/dd_service/data_use_intro.php and with permission of the
University Medicine Greifswald.

Acknowledgement

This research work was funded in part by grants from the German Federal Ministry for Education and
Research, from the Ministry for Education, Research and Cultural Affairs, the Ministry for Social Affairs of
the State Mecklenburg-West Pomerania.

The Study of Health in Pomerania is part of the Community Medicine Research net of the University
Medicine Greifswald, which is supported by the German Federal State of Mecklenburg-West Pomerania
(http://www.community-medicine.de).

https://www.fvcm.med.uni-greifswald.de/dd_service/data_use_intro.php
http://www.community-medicine.de/


Page 10/14

Author Contribution Statement

TI as well as MM and MD analyzed and interpreted the data, drafted the manuscript and approved the
�nal version of the manuscript. HV, MD, SF, MN, MM, and TI designed the data collection instruments,
coordinated and supervised data collection, and reviewed and revised the manuscript. MB and AS
critically reviewed the manuscript for important intellectual content. All authors approved the �nal
manuscript as submitted and agreed to be accountable for all aspects of the work.

Competing Interest

The authors declare no competing interests.

References
1              Ng, M. et al. Global, regional, and national prevalence of overweight and obesity in children and
adults during 1980-2013: a systematic analysis for the Global Burden of Disease Study 2013. Lancet 384,
766-781, doi:10.1016/S0140-6736(14)60460-8 (2014).

2              Global, B. M. I. M. C. et al. Body-mass index and all-cause mortality: individual-participant-data
meta-analysis of 239 prospective studies in four continents. Lancet 388, 776-786, doi:10.1016/S0140-
6736(16)30175-1 (2016).

3              Ogden, C. L., Yanovski, S. Z., Carroll, M. D. & Flegal, K. M. The epidemiology of obesity.
Gastroenterology 132, 2087-2102, doi:10.1053/j.gastro.2007.03.052 (2007).

4              Pi-Sunyer, F. X. The obesity epidemic: pathophysiology and consequences of obesity. Obes Res
10 Suppl 2, 97S-104S, doi:10.1038/oby.2002.202 (2002).

5              Shamsuzzaman, A. S., Gersh, B. J. & Somers, V. K. Obstructive sleep apnea: implications for
cardiac and vascular disease. JAMA 290, 1906-1914, doi:10.1001/jama.290.14.1906 (2003).

6              Yu, E. et al. Weight History and All-Cause and Cause-Speci�c Mortality in Three Prospective
Cohort Studies. Ann Intern Med 166, 613-620, doi:10.7326/M16-1390 (2017).

7              Nyrnes, A., Jorde, R. & Sundsfjord, J. Serum TSH is positively associated with BMI. Int J Obes
(Lond) 30, 100-105, doi:10.1038/sj.ijo.0803112 (2006).

8              Tiller, D. et al. Association of Serum Thyrotropin with Anthropometric Markers of Obesity in the
General Population. Thyroid 26, 1205-1214, doi:10.1089/thy.2015.0410 (2016).

9              Ittermann, T. et al. Relationship of smoking and/or passive exposure to tobacco smoke on the
association between serum thyrotropin and body mass index in large groups of adolescents and children.
Thyroid 23, 262-268, doi:10.1089/thy.2012.0110 (2013).



Page 11/14

10           Asvold, B. O., Bjoro, T. & Vatten, L. J. Association of serum TSH with high body mass differs
between smokers and never-smokers. J Clin Endocrinol Metab 94, 5023-5027, doi:10.1210/jc.2009-1180
(2009).

11           Fox, C. S. et al. Relations of thyroid function to body weight: cross-sectional and longitudinal
observations in a community-based sample. Arch Intern Med 168, 587-592,
doi:10.1001/archinte.168.6.587 (2008).

12           Knudsen, N. et al. Small differences in thyroid function may be important for body mass index
and the occurrence of obesity in the population. J Clin Endocrinol Metab 90, 4019-4024,
doi:10.1210/jc.2004-2225 (2005).

13           Roef, G. et al. Body composition and metabolic parameters are associated with variation in
thyroid hormone levels among euthyroid young men. Eur J Endocrinol 167, 719-726, doi:10.1530/EJE-12-
0447 (2012).

14           Garin, M. C., Arnold, A. M., Lee, J. S., Tracy, R. P. & Cappola, A. R. Subclinical hypothyroidism,
weight change, and body composition in the elderly: the Cardiovascular Health Study. J Clin Endocrinol
Metab 99, 1220-1226, doi:10.1210/jc.2013-3591 (2014).

15           Moon, M. K. et al. Subclinical hypothyroidism has little in�uences on muscle mass or strength in
elderly people. J Korean Med Sci 25, 1176-1181, doi:10.3346/jkms.2010.25.8.1176 (2010).

16           Machado, K. et al. Risk Factors for Low Muscle Mass in a Population-based Prospective Cohort
of Brazilian Community-dwelling Older Women: The Sao Paulo Ageing & Health (SPAH) Study. J Clin
Densitom, doi:10.1016/j.jocd.2019.05.001 (2019).

17           Szlejf, C. et al. Thyroid Function and Sarcopenia: Results from the ELSA-Brasil Study. J Am
Geriatr Soc, doi:10.1111/jgs.16416 (2020).

18           Svare, A., Nilsen, T. I., Bjoro, T., Asvold, B. O. & Langhammer, A. Serum TSH related to measures of
body mass: longitudinal data from the HUNT Study, Norway. Clin Endocrinol (Oxf) 74, 769-775,
doi:10.1111/j.1365-2265.2011.04009.x (2011).

19           Meng, W. & Scriba, P. Jodversorgung in Deutschland, Probleme und erforderliche Maßnahmen:
Update 2002 [Iodine supply in Germany, problems and required measures: Update 2002]. Dtsch Ärztebl 99,
A 2560–2564 (2002).

20           Volzke, H. et al. The prevalence of undiagnosed thyroid disorders in a previously iodine-de�cient
area. Thyroid 13, 803-810, doi:10.1089/105072503768499680 (2003).

21           Ittermann, T., Khattak, R. M., Nauck, M., Cordova, C. M. & Volzke, H. Shift of the TSH reference
range with improved iodine supply in Northeast Germany. Eur J Endocrinol 172, 261-267,
doi:10.1530/EJE-14-0898 (2015).



Page 12/14

22           Acotto, C. G., Niepomniszcze, H. & Mautalen, C. A. Estimating body fat and lean tissue
distribution in hyperthyroidism by dual-energy X-ray absorptiometry. J Clin Densitom 5, 305-311,
doi:10.1385/jcd:5:3:305 (2002).

23           Hellstrom, L., Wahrenberg, H., Reynisdottir, S. & Arner, P. Catecholamine-induced adipocyte
lipolysis in human hyperthyroidism. J Clin Endocrinol Metab 82, 159-166, doi:10.1210/jcem.82.1.3664
(1997).

24           Kyle, L. H., Ball, M. F. & Doolan, P. D. Effect of thyroid hormone on body composition in
myxedema and obesity. N Engl J Med 275, 12-17, doi:10.1056/NEJM196607072750103 (1966).

25           Spira, D. et al. Association of Thyroid Function with Handgrip Strength: Data from the Study of
Health in Pomerania and the Berlin Aging Study II. Thyroid 29, 1220-1226, doi:10.1089/thy.2018.0646
(2019).

26           Volzke, H. et al. Cohort pro�le: the study of health in Pomerania. Int J Epidemiol 40, 294-307,
doi:10.1093/ije/dyp394 (2011).

27           Kyle, U. G. et al. Bioelectrical impedance analysis--part I: review of principles and methods. Clin
Nutr 23, 1226-1243, doi:10.1016/j.clnu.2004.06.004 (2004).

Figures



Page 13/14

Figure 1

Signi�cant interactions of TSH with age on markers of body composition. Results are displayed as age-
speci�c β coe�cients for TSH on a) body mass index, b) fat mass, c) fat-free mass and d) body cell
mass.
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