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ABSTRACT
Background. Body weight or BMI do not provide any information about the content of muscle tissue, water content, 
body fat and its distribution in the body. Thyroid dysfunction is associated with a change in body weight, but also its 
composition regardless of physical activity.
Objective. The aim of the study was to compare the body composition of female patients diagnosed with Hashimoto's 
disease (HD) and the body composition of healthy women who have never been treated before due to thyroid diseases.
Materials and methods. The study involved 47 women diagnosed with Hashimoto disease (HD) and 65 women declaring 
good health. Body mass and height and body composition analysis using bioelectrical impedance analysis were performed 
using the TANITA multi-frequency segmental body composition analyzer. Variables having a distribution similar to the 
normal distribution were analyzed by the analysis of variance (ANOVA), otherwise the Kruskal-Wallis test was used.
Results. Women with Hashimoto disease were characterized by significantly higher values of body weight, and thus BMI 
index, than healthy women (respectively 73.64 kg vs. 64.36 kg, p <0.0001; 27.65 kg/m2 vs. 23.95 kg/m2,  p <0.001).The 
problem of excess body fat in the body statistically significantly more often affected women with Hashimoto disease than 
healthy women (44.7% vs. 13.8%, p <0.001).
Conclusions. The results regarding the weight and composition of the patients treated for thyroid disease indicate the need 
for further in-depth analyses. Even small abnormalities of the thyroid function in the range of reference values may result 
in the development of many adverse changes in the body.
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STRESZCZENIE
Wprowadzenie. Masa ciała czy BMI nie dostarczają żadnych informacji o zawartości tkanki mięśniowej, zawartości 
wody, tkanki tłuszczowej i jej rozmieszczeniu w organizmie. Zaburzenia czynności tarczycy wiążą się ze zmianą masy 
ciała, ale także jego składu niezależnie od aktywności fizycznej.
Cel. Celem pracy było porównanie składu ciała pacjentek, u których rozpoznano chorobę Hashimoto (HD) oraz składu 
ciała kobiet zdrowych, które nigdy wcześniej nie były leczone z powodu chorób tarczycy.
Materiały i metody. Badaniem objęto 47 kobiet z rozpoznaną chorobą Hashimoto (HD) oraz 65 kobiet deklarujących dobry 
stan zdrowia. Analizę masy i wysokości ciała oraz składu ciała z wykorzystaniem analizy impedancji bioelektrycznej 
przeprowadzono przy użyciu wieloczęstotliwościowego segmentowego analizatora składu ciała firmy TANITA. Zmienne 
o rozkładzie zbliżonym do normalnego analizowano za pomocą analizy wariancji (ANOVA), w pozostałych przypadkach 
stosowano test Kruskala-Wallisa.
Wyniki. Kobiety z chorobą Hashimoto charakteryzowały się istotnie wyższymi wartościami masy ciała, a tym samym 
wskaźnika BMI, niż kobiety zdrowe (odpowiednio 73,64 kg vs. 64,36 kg, p <0,0001; 27,65 kg/m2 vs. 23,95 kg/m2,  
p <0,001). Problem nadmiaru tkanki tłuszczowej w organizmie statystycznie istotnie częściej dotyczył kobiet z chorobą 
Hashimoto niż kobiet zdrowych (44,7% vs. 13,8%, p <0,001).
Wnioski. Uzyskane wyniki dotyczące masy i składu ciała pacjentek leczonych z powodu chorób tarczycy wskazują na 
potrzebę dalszych pogłębionych analiz. Nawet niewielkie odchylenia funkcji tarczycy w zakresie wartości referencyjnych 
mogą być przyczyną rozwoju wielu niekorzystnych zmian w organizmie.

Słowa kluczowe: skład ciała, wskaźnik masy ciała (BMI), choroba Hashimoto (HD)
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INTRODUCTION

Endocrine system diseases are an important health 
problem in Poland and worldwide [36]. Epidemiological 
data indicate that more than 300 million people 
worldwide have thyroid disease, and only 50% of them 
are treated [21]. In Poland, endocrinologists estimate 
that up to 22% of the population, primarily women, 
may have thyroid problems [20, 36]. According to 
GUS data, in Poland in 2014, thyroid diseases were 
among the ten most common chronic conditions 
among women aged 15 years and older (12.1% of the 
female population). In 2014, compared with 2009, 
the percentage of women declaring the presence 
of thyroid diseases in the 12 months preceding the 
survey, increased by 4.2%, and compared with 2004, 
by 5.6%. Additionally, it was noted that the prevalence 
of thyroid gland disease increases with age. Among 
women aged 60 years and older, the percentage of 
women declaring to have thyroid disease was 17.2% 
[16, 17, 18, 19]. One of the most common disorders 
of the thyroid gland and most often resulting from 
chronic autoimmune inflammation is hypothyroidism. 
It affects approximately 4-10% of the population [12, 
36]. Thyroid diseases are characterized by abnormal 
levels of hormones produced by the thyroid gland (T3 
and T4) and thyroid-stimulating pituitary hormone 
(TSH), resulting in many disorders of physiological 
body functions. Thyroid hormone deficiency can 
cause kidney dysfunction, glucose intolerance, 
hyperlipidemia, and decreased phosphate levels [1]. 
Patients with thyroid dysfunction may also be more 
likely to develop insulin resistance, type 2 diabetes and 
cardiovascular disease [13, 15, 37]. Some researchers 
even suggest that thyroid function tests should be 
considered in the diagnosis of metabolic disorders [1]. 
Thyroid dysfunction (hypothyroidism) alters appetite 
and makes it difficult to maintain normal body 
weight and composition (body fat). Thus, it can be 
concluded that thyroid hormones (T3, T4) are potent 
modulators of thermogenesis, and their deficiency can 
potentially contribute to the development of obesity 
[23, 32, 34]. There is clinical evidence to suggest 
that even mild thyroid dysfunction in the form of 
subclinical hypothyroidism can lead to significant 
changes in body weight and thus may be a risk factor 
for overweight and obesity. However, the relationship 
between hypothyroidism and obesity is still under 
debate [8, 34].

Most studies on the relationship between thyroid 
dysfunction and body weight change are based on the 
analysis of simple indicators, such as body weight or 
BMI [2, 10, 26, 27]. These indicators do not provide 
any information about the content of muscle tissue, 
water content, body fat and its distribution in the 
body. As reported by Sanyala and Raychaudhuri [34], 
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thyroid dysfunction is associated with a change in body 
weight, but also its composition regardless of physical 
activity. Adipose tissue is not only for energy storage, 
but is above all an active internal endocrine organ. It 
contains many types of cells, such as fat cells, immune 
cells and fibroblasts. It consists of brown and white 
adipose tissue. Brown adipose tissue (BAT) plays a 
key role in the production of heat by thermogenesis. 
The prevalence of BAT decreases with increasing 
body weight, and therefore active BAT in adults plays 
an important role in maintaining normal body mass, 
i.e. prevents obesity and also insulin resistance [6].

In turn, white adipose tissue is responsible for 
storing energy in the form of triacylglycerols in 
situations of a positive energy balance and release 
of free fatty acids during a shortage of energy, but 
above all it is the main endocrine organ. Its products, 
including adiponectin, leptin, and resistin, are involved 
in many metabolic changes. Adiponectin is particularly 
effective in the transformation of glucose and fatty 
acids in the liver and muscles, sensitizes the tissues 
to insulin, and also has anti-inflammatory and anti-
atherosclerotic effects. In people with excessive body 
fat, the adipokine secretion profile undergoes specific 
changes. The production process of adiponectin 
is slowed down, resulting in a higher incidence of 
metabolic diseases and diabetes. The concentration of 
leptin increases in proportion to the amount of fat in 
the body. Leptin is a hormone that improves insulin 
sensitivity and modulates the function of pancreatic 
cells, and also regulates energy consumption and body 
weight. However, at an excessively high concentration 
in obese people it can cause the opposite effect – 
resistance to lectin. Deficiency, but also resistance 
to leptin, intensifies lipogenesis, thereby promoting 
deposition of adipose tissue [3, 6, 15]. In a study 
conducted by Marzullo et al. [29], it was suggested that 
excess leptin in obesity is a risk factor for autoimmune 
thyroid disease, thus indicating a relationship between 
the main cause of acquired thyroid insufficiency and 
obesity. Thyroid hormone deficiency also results in 
impaired physiological functions affecting adipose 
tissue metabolism through decreased lipoprotein 
lipase (LPL) activity. This was confirmed in a study 
by Chen et al [6 ], who showed a significant increase 
in serum triacylglycerols, cholesterol, and LDL 
lipoprotein fractions in hypothyroid patients. These 
researchers also [6] determined elevated leptin levels 
in hypothyroid subjects who had a high BMI. In 
turn, Ouchi et al. [31] found that thyroid-stimulating 
hormone (TSH) had a direct effect on the secretion of 
leptin. Leptin, stimulates the release of thyrotropin, the 
hypothalamic hormone and increases the conversion 
of thyroxine (T4) to triiodothyronine (T3) [26]. Such a 
relationship was also proven in studies by Betra et al. 
[3] and Roef et al. [33] conducted among young with 
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euthyroid and obese men. In addition, excess adipose 
tissue, especially visceral, leads to the development of 
chronic subclinical inflammation. During lipolysis, 
large amounts of free fatty acids are released into the 
circulation, which activate the immune system, thus 
promoting inflammatory and atherosclerotic processes 
[35].

The aim of the study was to compare the body 
composition of female patients diagnosed with 
Hashimoto’s disease (HD) and the body composition 
of healthy women who have never been treated before 
due to thyroid diseases.

MATERIAL AND METHODS

The research was conducted among 112 women 
aged 20-65 living in the south-western part of Poland 
(Opolskie and Dolnośląskie Voivodships). The 
criteria for inclusion in the study were: age over 18 
years, gender: women, declared good health or with 
Hashimoto disease (diagnosed by a doctor and lasting 
for 3 to 5 years) consent to participate in the study. The 
exclusion criteria were: below 18 years old, gender: 
men, implanted pacemaker, pregnancy, menstruation, 
atherosclerosis, diabetes, hypertension, overactive 
thyroid gland, stroke, liver disease and systematic use 
of diuretics. The study involved 47 women diagnosed 
with HD and 65 women declaring good health and never 
before treated for thyroid disease. Before participating 
in the study, the participants were asked to complete 
a questionnaire containing questions regarding their 
age, sex, education, type of family, place of residence, 
physical activity and financial status. Healthy women 
were compared with women with Hashimoto’s disease 
according to age distribution (≤ 30 years, 31-40 
years, 41-50 years, 51-65 years), education (primary, 
secondary, high), type of family (lonely, married, 
family with children), place of living (urban, rural), 
physical activity (lack, moderate activity, over 30 min/
day), financial status (below 1000 PLN, 1000-2000 
PLN, 2001-3000 PLN, 3001-4000 PLN, above 4000 
PLN). 

Body composition analysis
The research was carried out in the morning hours. 

Body height measurement was done in an upright 
position, without footwear, using an anthropometer 
with an accuracy of 0.1 cm. However, body mass 
measurement (with an accuracy of 0.1 kg) and body 
composition analysis using bioelectrical impedance 
analysis (BIA) were performed using the MC 780 
SMA TANITA multi frequency segmental body 
composition analyzer. Analysis of body composition 
allowed determination of mass and percentage of 
adipose tissue, mass of lean tissue, muscle mass, total 
water content in the body, mass of intracellular and 

extracellular water, ratio of extracellular water to 
total water content and bone mass. On the basis of the 
obtained measurements, the body mass index (BMI) 
and the index of visceral tissue were also determined. 
To assess the nutritional status on the basis of the BMI, 
WHO classification criteria were adopted [30]. Normal 
values for body fat were adopted in accordance with 
WHO/NIH recommendations [5]. Women containing 
more than 35% of adipose tissue were classified 
as obese. The reference values for the indicator of 
visceral tissue and water content in the body were 
adopted as recommended by the manufacturer of the 
body composition analyzer TANITA, respectively 
0-12 and 45%-60% [ 25].

Statistical analysis
The hypothesis on the normal distribution of the 

analyzed variables was verified using the Shapiro-
Wilk test. Variables having a distribution similar to the 
normal distribution were analyzed by the analysis of 
variance (ANOVA), otherwise the Kruskal-Wallis test 
was used. The mean value, standard deviation, median, 
minimum and maximum values of all analyzed 
variables were calculated for the entire examined 
group. In order to confirm the lack of difference 
in the sociodemographic evaluation between the 
examined women who were diagnosed with HD and 
healthy women, the Chi-squared independence test 
with the Yates correction was carried out. This test 
was also used to verify selected parameters of body 
composition (content of adipose tissue, index of 
visceral tissue, water content in the body) and BMI 
depending on the health of the examined women. 
Statistically significant differences were adopted at p 
<0.05. Statistical analyses were carried out using the 
Statistica v.13.1 software.

RESULTS

General characteristics
The studied groups of women were not different 

in terms of age, education, type of family, place of 
residence, physical activity or financial status (p>0.05). 
The average age of healthy women (control sample) was 
46 years and of patients 48 years. The most numerous 
group was that of women aged 41 to 50 (31.3%), 
and then aged 31-40 (28.6%). The fewest (13.3%) 
participants of the study were aged between 19 and 30 
years (Table 1). Over 72% of the surveyed women had 
a university degree, and about 2% were professional. 
Other women declared secondary education. The 
women who took part in the study (65.2%) lived with 
children or in multigenerational families. Every fifth 
respondent lived in a married or informal relationship 
(19.6%). Among the respondents, 15.2% were alone. 
Participants in the study lived in urban areas (56.2%) 
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as well as rural areas (43.8%). Over half (52.7%) of 
women declared moderate physical activity, and every 
fifth woman admitted to physical inactivity. Most 
women earned between 1000 and 2000 zlotys (55.3%), 
and then from 2001 to 3000 zlotys (23.2%). Statistical 
analysis did not show differences between healthy 
women (control sample) and women with HD in terms 
of age, education, type of family, place of residence, 
physical activity and financial status (Table 1). Women 
diagnosed with HD reported that they had suffered 
from the disease from an average of 3 to 5 years and 
were under constant endocrine control.

Analysis of selected anthropometric parameters
Taking into account the BMI, it was found that 

almost half (48.2%) of the subjects were characterized 
by normal body weight (Table 2). They were 
significantly more often healthy women than women 
with diagnosed hypothyroidism (66.2% vs. 23.4%, 
p <0.0001). On the other hand, anomalous body 
mass was diagnosed more often (76.6% vs. 33.8%, 
p <0.0001). Regardless of the health condition, the 
examined women were overweight most often. 
Obesity was found in every fifth participant of the 
study. Body fat deficiency was observed in one woman 
(1.7%) (Table 2). According to the adopted WHO/NIH 

criteria for the content of adipose tissue in the female 
body, it was found that 26.8% of the respondents were 
characterized by its improper content. The problem of 
excess body fat in the body statistically significantly 
more often affected women with HD than healthy 
women (44.7% vs. 13.8%, p <0.001). The majority 
(98.2%) of the study participants were characterized 
by the correct value of the visceral tissue index. The 
abnormal water content in the body was demonstrated 
in 23.2% of women. Statistically significantly more 
often they were women with HD than healthy subjects 
(36.2% vs. 13.8%, p <0.01). The correct values of this 
parameter were found in 76.8% of subjects, and in this 
group healthy women dominated (86.1% vs. 63.8%, 
p<0.01) (Table 2).

The results of the body composition analysis are 
presented in Table 3. Women who were diagnosed with 
HD were characterized by significantly higher values 
of body weight, and thus BMI index, than healthy 
women (respectively 73.64 kg vs. 64.36 kg, p <0.0001; 
27.65 kg/m2 vs. 23.95 kg/m2, p <0.001). Also the body 
composition of the studied women with HD differed 
statistically significantly from healthy women. In 
patients, significantly higher content of adipose tissue 
(33.62% vs. 26.77%, p <0.0001), fat free mass (48.45 
kg vs. 46.46 kg, p = 0.0232), muscle mass (46.04 kg 

Table 1. Socio-economic characteristics of the surveyed women

Parameter
All women

[%]
Healthy women 

[%]
Women with HD

[%]
100.0 58.0 42.0

Age [years]

≤ 30 13.3 18.5 6.4
31-40 28.6 27.7 29.8
41-50 31.3 24.6 40.4
51-65 26.8 29.2 23.4

Education
primary 1.8 3.1 0.0

secondary 25.8 30.8 19.1
high 72.4 66.1 80.9

Type of family
lonely 15.2 16.9 12.8

married 19.6 18.5 21.3
family with children 65.2 64,6 65.9

Place of living
urban area 56.2 63.1 46.8
rural area 43.8 36.9 53.2

Physical activity
lack 18.8 18.5 19.1

moderate activity 52.7 47.7 59.6
over 30 min/day 28.5 33.8 21.3

Financial status

<1000 PLN 5.4 9.2 0.0
1000-2000 PLN 55.3 58.5 51.1
2001-3000 PLN 23.2 23.1 23.4
3001-4000 PLN 11.6 7.7 17.0

>4000 PLN 4.5 1.5 8.5
p-value – test Chi^2 with Yates, p<0.05, 4 PLN = 1 EURO

Body composition and Hashimoto disease
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Table 2. Analysis of selected anthropometric parameters in the group of healthy and HD women

Parameter
All women

[%]
Healthy women

[%]
Women with HD

[%]
100.0 58.0 42.0

BMI [kg/m2]

normal 48.2 66.2 23.4
unnormal including: 51.8 33.8 76.6

underweight 1.7 4.6 0.0
overweight 79.3 72.7 83.3

obesity 19.0 22.7 16.7

Adipose tissue [%]
<35 73.2 86.2 55.3
>35 26.8 13.8 44.7

Visceral tissue index
1-12 98.2 100.0 95.7

13-59 1.8 0.0 4.3

TBW [%]
normal 76.8 86.1 63.8

unnormal 23.2 13.8 36.2
p-value – test Chi^2 with Yates, p<0.05

Table 3. Descriptive statistics of anthropometric parameters in the group of healthy women with HD

Parameter
Healthy women Women with HD

p-valueMean ± SD;
Median; min-max

Mean ± SD;
Median; min-max

Body mass [kg] 64.36±12.37
61.85; 47.8-118.5

73.64±11.66
73.60; 52.9-102.5 <0.0001

BMI [kg/m2] 23.95±4.15
22.90; 18.3-38.3

27.65±4.56
27.00; 20.2-41.6 <0.001

Adipose tissue [%] 26.77±6.65
26.20; 12.8-42.3

33.62±6.16
34.10; 16.3-41.9 <0.0001

FM [kg] 17.80±7.76
16.30; 6.6-48.1

25.27±7.43
24.80; 8.6-42.9 <0.0001

Visceral tissue index 4.18±2.64
4.00; 1.0-11.0

7.12±2.80
7.00; 1.0-13.0 <0.0001

FFM [kg] 46.46±5.77
45.00; 37.6-60.4

48.45±4.48
48.00; 43.0-61.4 0.0232

Muscles mass [kg] 44.10±5.48
42.70; 35.7-56.9

46.04±4.28
45.80; 40.8-58.3 0.0123

Bone mass [kg] 2.36±0.29
2.30; 1.9-3.5

2.47±0.23
2.40; 2.2-3.1 0.0275

TBW [%] 52.29±4.90
52.80; 41.0-62.1

47.24±4.57
46.64; 41.4-60.5 <0.0001

TBW [kg] 33.16±4.11
32.1; 26.9-50.4

34.47±3.23
34.10; 30.5-43.7 0.0370

ECW [kg] 14.22±1.96
13.90; 11.2-22.8

15.38±1.54
15.20; 12.7-19.5 <0.001

ICW [kg] 18.95±2.34
18.80; 15.7-28.7

19.07±1.94
18.70; 16.0-24.4 0.6491

ECW / TBW [%] 42.84±1.82
42.40; 39.3-46.6

44.66±1.95
44.88; 39.7-47.6 <0.0001

p-value – ANOVA and Kruskal-Wallis test p<0.05

E. Malczyk, J. Wyka, A. Malczyk
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vs. 44.10 kg, p = 0.0123) and bone mass (2.47 kg vs. 
2.36 kg, p = 0.0275) were found (Table 3). Statistical 
analysis also proved that in women with HD the fat 
tissue distribution (assessed as visceral tissue index) 
was dominant, in contrast to healthy women (7.12 
vs. 4.18, p<0.0001). The health status of the studied 
women also had a significant effect on the total body 
water (TBW%), which was statistically significant 
higher in healthy women than in patients with HD 
(52.29% vs. 47.24%, p <0.0001). At the same time, the 
female patients were characterized by a significantly 
higher content of extracellular water (ECW kg) than 
healthy women (15.3 kg vs. 14.22 kg, p <0.001). The 
ECW/TBW ratio was also significantly higher in 
patients with HD than in healthy women (44.66 vs. 
42.84, p <0.0001).

DISCUSSION

In the present study, an abnormal ratio of body 
weight to height was found in 76.6% of women 
diagnosed with HD, overweight in 83.3% and obesity 
in 16.7% of women. In the control group (healthy 
women) overweight and obesity were found in 
72.7% and 22.7% of the subjects respectively. Lee 
et al. [24] investigating 101 patients with primary 
hypothyroidism, achieved a reduction in TSH level 
from 18.3 mIU/L to 2.3 mIU/L after a five-month 
thyroxine treatment period (p <0.0001). There were no 
statistically significant changes in body weight (from 
79.6 kg to 78.9 kg, p = 0.30) or BMI (from 29.3 kg/m2 
to 28.8 kg/m2 , p = 0.25). Bjergved et al. [4] in studies 
conducted among adults over 11 years indicated the 
existence of a relationship between body weight and 
serum TSH concentration. Other researchers [7,22] 
suggested that the observed weight loss obtained 
after starting treatment for hypothyroidism results 
from the loss of previously accumulated water in 
the body. Karmisholt et al. [22] justified their theory 
by conducting research among 12 newly diagnosed 
patients with hypothyroidism whose mean TSH 
value was 102 mIU/L. The conducted studies showed 
changes in weight and body composition after one 
year from taking the therapy. There was a statistically 
significant decrease in body weight (on average by 
4.3 kg). However, there was no significant change 
in body fat content. In this study, women with HD 
not only had significantly BMI, but also statistically 
significantly higher fat content in the body compared 
to healthy women (control sample). Our research 
as well as cited authors confirmed earlier analyses 
carried out by Miyakaw et al. [28]. They reported 
that women with HD were characterized by higher 
content of adipose tissue compared to people with 
normal thyroid hormone levels. In our research, the 
excess of centrally located fatty tissue did not exceed 

the reference values, although the determined index 
of visceral tissue was statistically significantly higher 
in patients than in healthy women. De Pergola et al. 
[11] drew the conclusion, based on studies carried 
out among 201 women with HD and overweight or 
obesity, that progressive central fat accumulation is 
associated with increased levels of TSH, independent 
of insulin sensitivity, metabolic parameters and blood 
pressure. In addition, they suggested that the control 
of TSH secretion by free thyroid hormones is probably 
impaired in obesity. Considering the above, it can be 
suggested that accumulated fat during subclinical or 
clinical hypothyroidism may further disturb metabolic 
functions (decreased adiponectin concentration, 
increased leptin secretion) and consequently negatively 
affect the body, predisposing to obesity and increasing 
the risk of other metabolic diseases. 

A recently published study by Glymph and 
Gosmanov [14] suggested differentiation of the T4 
dose for obese and non-obese women with HD after 
complete thyroidectomy. In addition, they show that 
a better predictor to help determine the optimal T4 
dose for obese women after complete removal of the 
thyroid gland is ideal body weight than total body 
water (TBW). However, the authors of the study 
claim that the use of ideal body weight as a substitute 
measure of fat free mass can potentially lead to 
underestimation or overestimation of body weight, 
and cause differences in the calculation of T4 per kg 
of ideal body weight. Effectively, this problem can be 
eliminated by introducing patient body analysis in the 
treatment standard. 

Our own studies also included analysis of total 
body water as well as extracellular (ECW) content 
in the body. It was observed that every fifth woman 
tested had abnormal water content (TBW) in the body. 
Statistically significantly more often they were people 
with HD (36.2% vs. 13.8%; p<0,01, table 2). In the study 
by Miyakawa et al. [28], lower water content (TBW) 
was found in the HD group compared to the control 
group. In the study by Lorenzo et al. [9], analyzing 
the effects of subclinical hypothyroidism on body 
composition, 31 women considered BIA analysis as 
an important tool for assessing body composition and 
body fluid distribution in subclinical hypothyroidism.

CONCLUSION

In conclusion, our own research and other 
researchers regarding the weight and composition 
of the patients treated for thyroid disease indicate 
the need for further in-depth analyses. Even small 
abnormalities of the thyroid function in the range of 
reference values may result in the development of many 
adverse changes in the body. The diagnosis of thyroid 
dysfunction including HD diseases should be extended 
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by the body composition, especially body fat, to 
minimize the risk of other diseases. Proper assessment 
of anthropometric parameters may determine the 
correct dose of drugs in pharmacotherapy in thyroid 
diseases.
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