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The impact of total body fat mass, and of its
distribution in the trunk, on thyroid hormone
levels after complete weight restoration, with
or without recovery of menses, in adolescents
with anorexia nervosa 

Introduction

Anorexia nervosa (AN) is a disease primarily affecting 
girls: 95% of cases are female adolescents [1]. Its prevalence 
ranges from 0.5% to 1%, although some studies report higher 
levels [2,3]. The new DSM-V criteria for the diagnosis of AN 
were recently published. The main difference in these new cri-
teria is the deletion of criterion D, requiring amenorrhea for 
diagnosis of the disease [4]. 

It is well known that starvation affects the hypothalamic-pi-
tuitary-thyroid axis, leading to decreased plasma free triiodothy-
ronine (FT3) concentration, along with decreased plasma free 
thyroxine (FT4) and increased plasma reverse triiodothyronine 
(rT3) levels; thyroid-stimulating hormone (TSH) concentration 
is usually normal, although decreased levels of this hormone 
have been reported [5,6]. This picture represents what is known 
as “euthyroid sick syndrome” [7,8]. The low levels of circulating 
T3 have the effect of reducing energy expenditure and muscle 
protein catabolism. Weight gain leads to elevation of FT3 and 
decrease of rT3 levels. 

Interestingly, AN adolescents present many clinical fea-
tures of hypothyroidism (bradycardia, hypothermia, delayed 
ankle reflexes), which lead to energy conservation. However, 
thyroid hormone treatment is inappropriate, leading to further 
weight and muscle mass loss [9]. Notably, resting energy ex-
penditure (REE) has also been found to be significantly lower 
in adolescents with AN compared with healthy controls, seem-
ingly representing an adaptive mechanism to chronic starva-
tion [10,11]. Furthermore, the finding that re-feeding and weight 
restoration in girls with AN leads to increase of REE, related to 
changes occurring in T3 levels, highlights the role of T3 in the 
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regulation of energy hemostasis [12]. Finally, starvation in AN 
in combination with lowered metabolic rate leads to increased 
plasma cortisol levels (as starvation stimulates gluconeogen-
esis and decreases peripheral glucose utilization), as well as 
decreased gonadotropin levels, which are also expressions of 
adaptive mechanisms. 

Materials and Methods

A hundred and ninety-one female adolescents presented at 
our Division [13] with secondary amenorrhea and a body mass 
index (BMI) <5th percentile for age (based on BMI charts for 
Greek females). Of these, 94 fulfilled the DSM-IV diagnostic 
criteria for AN and 60 were finally included in our prospective 
study. All girls were diagnosed with restricting-type AN; 34 ad-
olescents were excluded from the study for the following rea-
sons: a past history of hypothyroidism (n=10), smoking (n=12), 
and use of hormone replacement therapy (n=12). 

At first attendance, a thorough medical history was record-
ed, including any past medical history, family history, medica-
tion or surgeries. Demographics were also taken into consider-
ation. All girls were provided with menstrual calendar in which 
age at menarche, minimum and maximum cycle length, men-
strual irregularities and time of secondary amenorrhea were 
recorded. Finally, the adolescents also provided information 
on past use of hormonal medication, age at diagnosis of AN, 
BMI at diagnosis of AN, physical activity (measured in hours/
week), nutritional habits and life stress events. All the girls in-
cluded in the study were non-smokers, with no medical history 
of any other endocrine disorder, while hormonal contraceptive 
use had been stopped for a minimum of 6 months prior to the 
time of first attendance. Informed consent to participate in the 
study was obtained from the adolescents and/or their parents, if 
needed, while the protocol for the research project, which con-
forms with the provisions of the Declaration of Helsinki, was 
approved by the ethics committee of our institution.

All adolescents underwent routine pedogynecological ex-
amination, with assessment by Tanner stages of breast and 
pubic hair development, while BMI (calculated by dividing 
weight in kilograms by the square of height in meters), waist 
circumference, hip circumference and waist circumference/
hip circumference ratio were calculated. Additionally, blood 
samples were obtained between 8:00 and 10:00 AM after over-
night fasting, always at the same time in the morning for the 
determination of endocrine profile. After coagulation, the sam-
ples were centrifuged and the serum was stored at –20°C until 
further processing. 17b-estradiol, prolactin, insulin, FT3, FT4 
and TSH were measured by chemiluminescent immune assays, 
while follicle-stimulating hormone, luteinizing hormone and 
leptin were measured by immunoradiometric assay and cortisol 
was analyzed by radioimmunoassay. Pelvic ultrasonography 
was performed in all adolescents to exclude any pathology of 
the uterus and/or the ovaries, while full body composition anal-
yses were performed based on (dual energy X-ray absorptiom-
etry) DXA scans (GE Lunar Prodigy apparatus enCore, 2008, 
USA); these analyses included measurement of total body fat 
mass (Kg and % of total body tissue), trunk fat mass (Kg and % 

of total trunk tissue) and free fat mass (Kg and % of total body 
tissue). Finally, trunk/extremity (right arm and left arm + right 
leg and left leg) fat ratio was calculated.

The abovementioned examinations were performed in all 
adolescents at first attendance. Subsequently, the girls followed 
a nutritional rehabilitation program under the supervision of a 
nutritionist until complete weight restoration. This was set at 
BMI>10th<85th percentile for age, with an increase in weight 
of over 85% of the initial weight loss, which resulted to amen-
orrhea. In 35 adolescents recovery of menses (two consecutive 
menstrual cycles) was observed after weight gain (Group A), 
while 25 girls remained amenorrheic for at least 6 months af-
ter complete weight restoration (Group B). The Group A and 
Group B girls underwent the same examinations at first attend-
ance, and at the end of follow up. Statistical analysis was per-
formed using RStudio, while a t-test was used for comparisons 
both before and after complete weight restoration. Pearson’s 
correlation coefficient was used in order to examine the corre-
lation between variables and how they affect each other. The 
level of statistical significance was set at p<0.05, while the cut-
off point in Pearson’s correlation coefficient was set at 0.3. 

Results

Table 1 summarizes all the characteristics examined in 
Group A at first attendance and after menstrual recovery, as 
well as the same characteristics examined in Group B at first 
attendance and after complete weight restoration. All data are 
presented as mean values, with ranges and standard deviation. 
The mean TSH, FT3 and FT4 levels recorded in Group A were 
3.21 ± 0.48 mIU/l, 1.85 ± 0.55 pg/ml and 0.67 ± 0.24 ng/dl 
respectively at first attendance, and 3.81 ± 0.45 mIU/l, 3.82 
± 0.49 pg/ml and 1.27 ± 0.75 ng/dl respectively at menstru-
al recovery. In Group B, the mean TSH, FT3 and FT4 levels 
were 3.08 ± 0.5 mIU/l, 1.61 ± 0.69 pg/ml and 0.59 ± 0.16 ng/
dl respectively at first attendance, and 3.4 ± 0.55 mIU/l, 2.94 
± 0.71 pg/ml and 1.08 ± 0.65 ng/dl respectively at the time of 
complete weight restoration.

Comparing Group A and Group B at first attendance, no 
statistically significant difference was found in TSH (p=0.3), 
FT3 (p=0.15) and FT4 (p=0.21) values; instead on comparing 
the two groups at the time of complete weight restoration a 
statistically significant difference was found in TSH (p<0.001), 
FT3 (p<0.001) and FT4 (p<0.01). Evaluating Group A at first 
attendance and at the time of menstrual recovery, statistical-
ly significant differences were found in TSH (p<0.001), FT3 
(p<0.001) and FT4 (p<0.001) levels between the two time 
points; similarly, statistically significant differences in TSH, 
FT3 and FT4 (p<0.001) levels were found in Group B when 
comparing the values at first attendance and after complete 
weight restoration. Table 2 summarizes all the comparisons be-
tween variables of Group A and Group B at first attendance and 
after complete weight restoration. 

To explore the correlations between the variables contem-
plated in this study, we used Pearson’s correlation coefficient. At 
the time of menstrual recovery, in Group A, total body fat mass 
(%) was found to be significantly positively correlated with FT3 
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(r=0.566, p<0.001) and FT4 (r=0.523, p<0.01), but not with 
TSH (r=0.272, p>0.05); at the same time point, trunk fat mass 
(%) was also found to be significantly positively correlated with 
FT3 (r=0.477, p<0.01) and FT4 (r=0.376, p<0.05), but not with 
TSH (r=0.235, p>0.05). Furthermore, at the time of menstrual 
recovery, the trunk/extremities fat ratio was statistically signif-
icantly positively correlated with FT3 (r=0.586, p<0.001) and 
FT4 (r=0.512, p<0.01), but not with TSH (r=0.175, p>0.05), 
showing that, in the Group A girls, distribution of fat in the 
trunk rather than in the extremities was associated with greater 
improvements in FT3 and FT4 levels. Finally, at the same time 
point, leptin levels were found to be statistically significantly 
positively correlated with FT3 (r=0.609, p<0.001) and FT4 
(r=0.57, p<0.01). No statistically significant correlation for the 

above variables in Group A was found at time of first attend-
ance. On exploration of the correlations between these variables 
in Group B, after complete weight restoration, we found that 
total body fat mass (%) was positively correlated, to a statisti-
cally significant degree, with FT3 (r=0.309, p<0.05) and FT4 
(r=0.395, p<0.05), but not with TSH (r=0.221, p>0.05), while 
trunk fat mass (%) was significantly positively correlated with 
FT3 (r=0.501, p<0.01) and FT4 (r=0.333, p<0.05), but not 
with TSH (r=0.199, p>0.05). In the Group B girls at the time 
of complete weight restoration, the trunk/extremities fat ratio 
was found to be positively correlated, albeit not statistically sig-
nificantly, with FT3 (r=0.289, p>0.05), FT4 (r=0.201, p>0.05) 
and TSH (r=0.191, p>0.05). Finally, at the same time point, 
leptin levels were statistically significantly positively correlated 

Table 1 Group A and Group B characteristics at time of first attendance and after menstrual recovery and complete weight restoration respectively. All 
data are presented as mean values, with ranges and standard deviation.

GROUP A AT FIRST 
ATTENDANCE

GROUP A AT MENSTRUAL 
RECOVERY

GROUP B AFTER WEIGHT 
RESTORATION

GROUP B AT FIRST 
ATTENDANCE

Mean ± SD Ranges Mean ± SD Ranges Mean ± SD Ranges Mean ± SD Ranges

Age at menarche (years) 12.61 ± 0.34 12-13.5 - - 12.56 ± 0.32 12-13.11 - -

Age at first attendance (years) 16.83 ± 0.75 15-18 - - 17.03 ± 0.79 15.7-19 - -

Time from last menstrual period 
(months) 16.74 ± 2.46 11-22 - - 21.24 ± 2.74 17-27 - -

Total weight loss before first 
attendance (Kg) 8 ± 1.09 6-11 - - 10.32 ± 1.77 7-14 - -

Total weight gain (Kg) - - 7.51 ± 1.52 5-13 - - 8.24 ± 1.92 5-12

Time needed for weight gain and BMI 
normalization (months) - - 13.34 ± 2.87 8-24 - - 13.77 ± 2.98 9-26

Time from diagnosis of AN (months) 12.57 ± 2.38 7-18 - - 16.52 ± 2.41 12-23 - -

Physical activity (hours/week) 7.23 ± 1.11 5-9 7.4 ± 0.88 6-9 7.57 ± 1.05 6-10 7.84 ± 1.07 6-10

BMI (Kg/m2) 16.95 ± 0.64 15.12-18.27 19.58 ± 0.62 18.6-21.4 16.75 ± 0.71 15.32-17.6 19.51 ± 1.13 15.39-21

Waist circumference (cm) 61.11 ± 1.79 57-64 65.77 ± 1.82 63-69 60.16 ± 2.72 55-65 62.92 ± 2.56 55-67

Hip circumference (cm) 78.17 ± 2.53 73-83 81.69 ± 1.92 78-86 77.48 ± 3.24 72-83 81.32 ± 3.66 72-87

WC/HC 0.78 ± 0.02 0.74-0.84 0.8 ± 0.02 0.77-0.84 0.78 ± 0.01 0.75-0.8 0.77 ± 0.02 0.74-0.81

Total body fat mass (%) 17.65 ± 0.82 15.6-19.2 22.57 ± 2.39 20.1-31.4 17.26 ± 0.77 15.4-18.3 18.96 ± 0.8 16.6 – 20.2

Total body fat mass (kg) 8.62 ± 0.71 7.35-10.42 12.73 ±1.48 10.5-19.18 8.53 ± 0.8 7.39-10.06 10.84 ± 0.96 7.47-12.35

Trunk fat mass (%) 17.36 ± 0.84 14.5-18.8 22.22 ± 1.92 20-28.6 16.91 ± 1.12 12.5-18.1 18.27 ± 1.03 14.7-19.4

Trunk fat mass (kg) 3.69 ± 0.48 3.11-4.89 4.87 ± 0.73 3.87-7.34 3.55 ± 0.62 2.7-4.84 3.88 ± 0.47 2.84-5.13

Free fat mass (kg) 40.52 ± 3.15 34.74-46.77 43.91 ± 3.35 35-49.1 40.65 ± 2.62 36.85-45.43 46.28 ± 3.18 37.53-51.9

Free fat mass (%) 82.38 ± 0.79 80.8-84.4 77.51 ± 2.46 68.6-80 82.7 ± 0.83 80.9-84.6 81.08 ± 0.82 79.8-83.4

Trunk/extremities fat ratio 0.75 ± 0.02 0.71-0.82 0.85 ± 0.04 0.81-0.97 0.74 ± 0.03 0.64-0.77 0.76 ± 0.03 0.67-0.79

FSH (mIU/ml) 3.97 ± 0.62 2.4-5.3 4.87 ± 0.62 3.7-6.2 3.79 ± 0.72 2.8-5.6 4.37 ± 0.68 2.9-5.9

LH (mIU/ml) 3.06 ± 0.51 2.1-4.2 4.97 ± 0.62 3.8-6.3 3.1 ± 0.57 1.2-3.9 3.48 ± 0.46 2.3-4.3

E2 (pg/ml) 16.74 ± 3.33 9-26 34.43 ± 7.52 24-52 16.28 ± 2.95 11-23 18.96 ± 2.98 12-24

PRL (ng/ml) 13.51 ± 3.06 8-19 13.69 ± 2.51 8-19 12.76 ± 1.96 10-17 12.92 ± 2.25 7-17

TSH (mIU/l) 3.21 ± 0.48 2.3-4.1 3.81 ± 0.45 2.6-4.5 3.08 ± 0.5 1.89-3.8 3.4 ± 0.55 2.21-4.2

FT3 (pg/ml) 1.85 ± 0.55 0.75-4.9 3.82 ± 0.49 2.96-5.76 1.61 ± 0.69 0.44-4.7 2.94 ± 0.73 2.1-5.1

FT4 (ng/dl) 0.67 ± 0.24 0.03-1.45 1.27 ± 0.75 0.76-2.05 0.59 ± 0.16 0.06-1.14 1.08 ± 0.65 0.57-1.75

Insulin (μU/ml) 4.41 ± 0.42 3.6-5.41 5.93 ± 0.53 4.73-6.91 4.44 ± 0.45 3.89-5.6 4.87 ± 0.54 4.06-6.1

Leptin (ng/ml) 2.88 ± 0.44 2-4.1 3.29 ± 0.52 2.4-4.6 2.76 ± 0.39 2.1-3.4 3.01 ± 0.32 2.3-3.7

BMI: body mass index, WC/HC: waist circumference/hip circumference, FSH: follicle-stimulating hormone, LH: luteinizing hormone, E2: 17b-estradiol, PRL: prolactin, 
TSH: thyroid-stimulating hormone, FT3: free triiodothyronine, FT4: free thyroxine
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with FT3 (r=0.59, p<0.001) and FT4 (r=0.511, p<0.01). In this 
group no statistically significant correlation was found for the 
above-mentioned variables at the time of first attendance. Ta-
ble 3 summarizes the evaluation of the variables examined with 
Pearson’s correlation coefficient.

Discussion

Anorexia nervosa is known to lead to hypothalamic-pitu-
itary-thyroid axis changes typical of the “euthyroid sick syn-
drome”. In this case, TSH levels are usually normal [5,14], al-
though low TSH levels have been reported in some studies [15], 
while FT3 and FT4 levels are low. The low T3 levels are a re-
sult of peripheral deiodination of T4 to rT3 rather than T3. The 

presence of carbohydrates appears to be important in stimulat-
ing the peripheral conversion of T4 to active T3. Interestingly, 
a decrease in thyroid hormone levels could contribute to the 
low REE observed in AN, which serves to preserve energy for 
vital functions [16]. Administration of exogenous thyrotropin-re-
leasing hormone leads to blunted response of TSH in more than 
50% of girls with AN [17]. As reported by many studies, weight 
gain and complete weight restoration leads to normalization of 
thyroid hormones [16,18]. This was also shown in our study. At 
the time of first attendance, levels of FT3 and FT4 were below 
normal range both in the Group A and in the Group B girls, 
while at the same time TSH levels were within normal range 
for both groups. At this time point, no statistically significant 
difference in FT3, FT4 and TSH levels was found between 
the Group A and Group B girls. After the end of the refeeding 

Table 2 Comparison of Group A and Group B characteristics at the time of first attendance and after menstrual recovery and complete weight 
restoration respectively. 

GROUP A AT FIRST 
ATTENDANCE

GROUP A AND B AFTER 
COMPLETE WEIGHT 

RESTORATION 

GROUP A AT FIRST 
ATTENDANCE AND 

AFTER MENSTRUAL 
RECOVERY

GROUP B AT FIRST 
ATTENDANCE AND 
AFTER COMPLETE 

WEIGHT RESTORATION 

p-value p-value p-value p-value

Age at menarche (years) 0.67 - - -

Age at first attendance (years) 0.39 - - -

Time from last menstrual period (months) <0.001* - - -

Total weight loss before first attendance (Kg) <0.001* - - -

Total weight gain (Kg) - 0.06 - -

Time needed for weight gain and BMI 
normalization (months) - 0.07 - -

Time from diagnosis of AN (months) <0.001* - - -

Physical activity (hours/week) 0.06 0.10 0.47 0.27

BMI (Kg/m2) 0.27 0.78 0.02* <0.001*

Waist circumference (cm) 0.13 <0.001* <0.001* <0.001*

Hip circumference (cm) 0.38 0.65 <0.001* <0.001*

WC/HC 0.27 <0.001* <0.001* 0.53

Total body fat mass (%) 0.06 <0.001* <0.001* <0.001*

Total body fat mass (kg) 0.67 <0.001* <0.001* <0.001*

Trunk fat mass (%) 0.09 <0.001* <0.001* <0.001*

Trunk fat mass (kg) 0.36 <0.001* <0.001* <0.001*

Free fat mass (kg) 0.86 <0.001* <0.001* <0.001*

Free fat mass (%) 0.14 0.01* <0.001* <0.001*

Trunk/extremities fat ratio 0.07 <0.001* <0.001* <0.01*

FSH (mIU/ml) 0.32 0.01* <0.001* <0.001*

LH (mIU/ml) 0.78 <0.001* <0.001* <0.001*

E2 (pg/ml) 0.57 <0.001* <0.001* 0.05

PRL (ng/ml) 0.25 0.22 0.8 0.79

TSH (mIU/l) 0.30 <0.001* <0.001* <0.001*

FT3 (pg/ml) 0.15 <0.001* <0.001* <0.001*

FT4 (ng/dl) 0.21 0.01* <0.001* <0.001*

Insulin (μU/ml) 0.75 <0.001* <0.001* <0.001*

Leptin (ng/ml) 0.28 0.01* <0.001* 0.15

BMI: body mass index, WC/HC: waist circumference/hip circumference, FSH: follicle-stimulating hormone, LH: luteinizing hormone, E2: 17b-estradiol, PRL: prolactin,
TSH: thyroid-stimulating hormone, FT3: free triiodothyronine, FT4: free thyroxine. * Statistically significant difference (p<0.05).

The impact of total body fat mass, on thyroid hormone levels after complete weight restoration, in adolescents with anorexia nervosa
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program and on complete weight restoration, adolescents from 
both groups showed normal FT3, FT4 and TSH values, which, 
in each group considered separately, were statistically signifi-
cantly higher than at the time of first attendance. Finally, at the 
same time point, the Group A adolescents showed statistical-
ly significantly higher levels of FT3, FT4 and TSH compared 
with the Group B girls. 

Several hormones and peptides have been shown to affect 
thyroid hormones in adolescents with AN. A keynote hormone 
in AN, especially in girls who suffer from amenorrhea, is lep-

tin. In these girls, leptin has been found correlate positively 
with FT3 and FT4, while exogenous leptin administration 
has been shown to increase levels of thyroid hormones in ad-
olescents with hypothalamic amenorrhea [19-21]. This was also 
shown in our study. In both groups, leptin levels were statis-
tically significantly lower at first attendance than at the time 
of complete weight restoration, and statistically significantly 
higher in adolescents who recovered their menses compared 
with girls who remained amenorrheic despite achieving weight 
restoration. Leptin levels were also positively correlated, to a 
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Table 3 Pearson’s correlation coefficient analysis after complete weight restoration in Group A and Group B.

GROUP A AFTER COMPLETE WEIGHT RESTORATION AND MENSTRUAL RECOVERY

Total body 
fat mass (%)

Total body 
fat mass 

(Kg)

Trunk fat 
mass (%)

Trunk fat 
mass (Kg)

TSH (mIU/l) FT3 (pg/ml) FT4 (ng/dl) Trunk / 
extremities 

fat ratio

Leptin

Total body fat mass (%)

Total body fat mass (Kg) r= 0.797*, 
p<0.001**

Trunk fat mass (%) r= 0.923*, 
p<0.001**

r= 0.698*, 
p<0.001**

Trunk fat mass (Kg) r= 0.81*, 
p<0.001**

r= 0.76*, 
p<0.001**

r= 0.852*, 
p<0.001**

TSH (mIU/l) r= 0.272, 
p>0.05

r= 0.201, 
p>0.05

r= 0.235, 
p>0.05

r= 0.189, 
p>0.05

FT3 (pg/ml) r= 0.566*, 
p<0.001**

r= 0.499*, 
p<0.01**

r= 0.477*, 
p<0.01**

r= 0.531*, 
p<0.01**

r= 0.102, 
p>0.05

FT4 (ng/dl) r= 0.523*, 
p<0.01**

r= 0.486*, 
p<0.01**

r= 0.376*, 
p<0.05**

r= 0.361*, 
p<0.05**

r= 0.099, 
p>0.05

r= 0.123, 
p>0.05

Trunk / extremities fat 
ratio

r= 0.588*, 
p<0.001**

r= 0.384*, 
p<0.05**

r= 0.56*, 
p<0.001**

r= 0.463*, 
p<0.01**

r= 0.175, 
p>0.05

r=0.586*, 
p<0.001**

r=0.512*, 
p<0.01**

Leptin r= 0.042, 
p>0.05

r=0.101, 
p>0.05

r=0.097, 
p>0.05

r=0.013, 
p>0.05

r=0.247, 
p>0.05

r=0.609*, 
p<0.001**

r=0.57*, 
p<0.001**

r=0.197, 
p>0.05

GROUP B AFTER COMPLETE WEIGHT RESTORATION

Total body 
fat mass (%)

Total body 
fat mass 

(Kg)

Trunk fat 
mass (%)

Trunk fat 
mass (Kg)

TSH (mIU/l) FT3 (pg/ml) FT4 (ng/dl) Trunk / 
extremities 

fat ratio

Leptin

Total body fat mass (%)

Total body fat mass (Kg) r= 0.674*, 
p<0.001**

Trunk fat mass (%) r= 0.389*, 
p=0.05

r= 0.025 
p>0.05

Trunk fat mass (Kg) r= 0.357*, 
p<0.05**

r= 0.499* 
p=0.011**

r= 0.398*, 
p=0.049**

TSH (mIU/l) r= 0.221, 
p>0.05

r= 0.188, 
p>0.05

r= 0.191, 
p>0.05

r= 0.127, 
p>0.05

FT3 (pg/ml) r= 0.309*, 
p<0.05**

r= 0.356*, 
p<0.05**

r= 0.501*, 
p<0.01**

r= 0.442*, 
p<0.01**

r= 0.156, 
p>0.05

FT4 (ng/dl) r= 0.395*, 
p<0.05**

r= 0.323*, 
p<0.05**

r= 0.333*, 
p<0.05**

r= 0.385*, 
p<0.05**

r= 0.127, 
p>0.05

r= 0.131, 
p>0.05

Trunk / extremities fat 
ratio

r= 0.218, 
p>0.05

r= 0.191, 
p>0.05

r= 0.375*, 
p<0.05**

r= 0.288 
p>0.05

r= 0.191 
p>0.05

r= 0.289 
p>0.05

r= 0.289 
p>0.05

Leptin r= 0.045, 
p>0.05

r= 0.021, 
p>0.05

r= 0.168, 
p>0.05

r= 0.135, 
p>0.05

r= 0.177, 
p>0.05

r= 0.59*, 
p<0.001**

r= 0.511*, 
p<0.01**

r= 0.158, 
p>0.05

TSH: thyroid-stimulating hormone, FT3: free triiodothyronine, FT4: free thyroxine; * Pearson’s statistically significant correlation coefficient (r > 0.3); ** Statistically significant difference (p<0.05).
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statistically significant degree, with FT3 and FT4, but not with 
TSH, at the time of complete weight restoration, not only in 
Group A, but also in the Group B adolescents.

Even though weight gain and normalization of BMI is 
known to restore normal thyroid hormone levels, there is no 
known study that has examined the role, in thyroid hormone 
abnormalities, of body composition and fat distribution in spe-
cific body regions. The first finding of our study was that al-
though the Group A and Group B girls showed no statistically 
significant difference in BMI, total body fat mass (Kg and %), 
trunk fat mass (Kg and %), free fat mass (Kg and %), and trunk/
extremities fat ratio at first attendance, at the time of complete 
weight restoration, the Group A adolescents showed statistically 
significantly higher total body fat mass (Kg and %) and trunk fat 
mass (Kg and %) levels, as well as a significantly higher trunk/
extremities fat ratio, while the Group B girls had statistically 
significantly higher free fat mass levels (Kg and %). In both 
groups, no statistically significant difference change in BMI 
was found at the end of the study. Unsurprisingly, the Group A 
adolescents, who recovered their menses, showed higher levels 
of fat mass, and fat distribution in the trunk, but lower levels 
of free fat mass, while the weight increase in the Group B girls 
tended to be attributable to free fat mass, rather than total body 
fat mass. Second, in both groups, a statistically significantly 
positive correlation was found between FT3, FT4 and total body 
fat mass (Kg and %) and trunk fat mass (Kg and %) at the time 
of complete weight restoration, but no correlation between TSH 
and total body fat mass (Kg and %) or trunk fat mass (Kg and 
%) was found in either group at this time point. It is important to 
note that, at this time point, the adolescents who regained their 
menses showed a statistically significantly positive correlation 
between FT3, FT4 and trunk/extremities fat ratio, but not be-
tween TSH and trunk/extremities fat ratio, in contrast with the 
girls with persistent amenorrhea, who did not present a statisti-
cally significant positive correlation between FT3, FT4 or TSH 
and trunk/extremities fat ratio at this time. 

Conclusion

Adolescents with AN are known to present “sick euthy-
roid syndrome”, characterized by decreased levels of FT3 and 
FT4, and usually normal TSH levels (even though decreased 
TSH levels have been reported in some girls with AN). Weight 
recovery leads to normalization of thyroid hormones in these 
adolescents. We used the PubMed database as a primary 
source for this research, which appears to be the first known 
study showing a statistically significantly positive correlation 
between total body fat mass (Kg and %), trunk fat mass (Kg 
and %) and FT3 and FT4 levels in adolescents with AN who 
achieved complete weight restoration (with or without recov-
ery of menses). It also seems to be the first known study to 
find that distribution of fat mass in the trunk (as expressed by 
trunk/extremities fat ratio) was statistically significantly posi-
tively correlated with FT3 and FT4 in girls who recovered their 
menses, in contrast with adolescents who remained amenorrhe-
ic. Further studies, with larger samples, are needed in order to 
strengthen these results.

References

1.	 Hsu LK. Epidemiology of the eating disorders. Psychiatr Clin North 
Am. 1996;19:681-700.

2. 	 Wakeling A. Epidemiology of anorexia nervosa. Psychiatry Res. 
1996;62:3-9. 

3. 	 Hudson JI, Hiripi E, Pope Jr HG, Kessler RC. The prevalence and 
cor¬relates of eating disorders in the National Comorbidity Survey 
replication. Biol Psychiatry. 2007;61:348-58.

4. 	 American Psychiatric Association. Diagnostic and Statistical Manu-
al of Mental Disorders. 5th ed. Washington D.C., 2013.

5. 	 Natori Y, Yamaguchi N, Koike S, et al. Thyroid function in patients with 
anorexia nervosa and depression. Rinsho Byori. 1994;42:1268-72. 

6. 	 Lesem MD, Kaye WH, Bissette G, Jimerson DC, Nemeroff CB. Cer-
ebrospinal fluid TRH immunoreactivity in anorexia nervosa. Biol 
Psychiatry. 1994;35:48-53. 

7. 	 De Groot LJ. Dangerous dogmas in medicine: the nonthyroi¬dal 
illness syndrome. J Clin Endocrinol Metab 1999;84:151-64. 

8. 	 Adler SM, Wartofsky L. The nonthyroidal illness syndrome. Endo-
crinol Metab Clin North Am. 2007;36:657-72. 

9. 	 Lawson EA, Klibanski A. Endocrine abnormalities in anorexia ner-
vosa. Nat Clin Pract Endocrinol Metab. 2008;4:407-14.

10. 	 Altemus M, Hetherington MM, Flood M, et al. Decrease in rest¬ing 
metabolic rate during abstinence from bulimic behavior. Am J Psy-
chiatry. 1991;148:1071-2.

11. 	 Onur S, Hass W, Bosy-Westphal A, et al. L-tri-iodothyronine is a 
major determinant of resting energy expenditure in underweight pa-
tients with anorexia nervosa and during weight gain. Eur J En¬do-
crinol. 2005;152:179-84. 

12. 	 Karczewska-Kupczewska M, Adamska A, Nikołajuk A, et al. 
Cir¬culating interleukin 6 and soluble forms of its receptors in rela-
tion to resting energy expenditure in women with anorexia nervosa. 
Clin Endo (Oxf). 2013;79(6):812-6.

13. 	 Chiotis D, Tsiftis G, Hatzisymeon M, Maniati-Christidi M, 
Dacou-Voutetakis A. Height and weight of children of Hellenic or-
igin aged 0-18 years (2000-2001): comparison with data collected 
during the period 1978-1979. Annals of Clinical Paediatrics Univer-
sity Atheniensis. 2003;50:136-55.

14. 	 Komaki G , Tamai H , Mukuta T. Alterations in endothelium-associ-
ated proteins and serum thyroid hormone concentrations in anorexia 
nervosa. Br J Nutr. 1992;68:67-75.

15. 	 Kiyohara K, Tamai H, Takaichi Y, Nakagawa T, Kumagai LF. Decreased 
thyroidal triiodothyronine secretion in patients with anorexia nervosa: 
influence of weight recovery. Am J Clin Nutr. 1989;50:767-72.

16. 	 Misra M, Miller KK, Almazan C, et al. Alterations in cortisol secre-
tory dynamics in adolescent girls with anorexia nervosa and effects 
on bone metabolism. J Clin Endocrinol Metab. 2004; 89:4972-80.

17. 	 Leslie RD, Isaacs AJ, Gomez J, Raggatt PR, Bayliss R. Hypothala-
mo-pituitary-thyroid function in anorexia nervosa: influence of 
weight gain. Br Med J. 1978; 2:526-8.

18. 	 Reame NE, Sauder SE, Case GD, Kelch RP, Marshall JC. Pulsatile 
gonadotropin secretion in women with hypothalamic amenorrhea: 
evidence that reduced frequency of gonadotropin-releasing hormone 
secretion is the mechanism of persistent anovulation. J Clin Endo-
crinol Metab. 1985; 61:851-8.

19. 	 Welt CK, Chan JL, Bullen J, et al. Recombinant human leptin in wom-
en with hypothalamic amenorrhea. N Engl J Med. 2004; 351: 987-97.

20. 	 Misra M, Miller KK, Kuo K, et al. Secretory dynamics of leptin in 
adolescent girls with anorexia nervosa and healthy adolescents. Am 
J Physiol Endocrinol Metab. 2005; 289:E373-81. 

21. 	 Haas V, Onur S, Paul T, et al. Leptin and body weight regulation in 
patients with anorexia nervosa before and during weight recovery. 
Am J Clin Nutr. 2005; 81: 889-96.

Acknowledgements: The author(s) declare(s) that there are no acknowledgments 
regarding the publication of this paper.
Conflict of interest Statement: The author(s) declare(s) that there is no funding, or 
research contracts, or conflict of interests regarding the publication of this paper.

The impact of total body fat mass, on thyroid hormone levels after complete weight restoration, in adolescents with anorexia nervosa


