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Abstract:

Purpose: To determine the effect of body composition on thyroid hormones in
euthyroid post-pubertal females.

Methods: Thirty post-pubertal females were classified according to the body mass
index (BMI) into three equal groups; Group (A) had normal weight (BMI was 18-25
kg/m?), Group (B) were overweight (BMI was 25-30 kg/m?) and Group (C) had grade |
obesity (BMI was 30-35 kg/m?). Body composition parameters (BMI, and muscle,
water, bone and fat contents) as well as fasting blood levels of thyroid hormones
(serum free triiodothyronine (T3), serum free thyroxine (T4) and serum thyroid
stimulating hormone (TSH)) were assessed for each female in the three groups.
Results: There were non-significant differences between the three groups (p<0.05)
regarding muscle content, bone content, serum free T3 and serum TSH. However,
group (C) had significantly lower water content as well as significantly higher fat
content and serum free T4 than group (A) (p<0.05).

Conclusion: Obesity is associated with low water content as well as high fat content
and serum free T4 levels in euthyroid post-pubertal females.

Key words: Body composition, thyroid hormones, euthyroid, post-pubertal females.

The majority of T3/T4 in the circulation is

Thyroid is a ductless endocrine gland that is
found just inferior to the larynx at both sides of
trachea and in front of it. The triiodothyronine (T3)
and thyroxine (T4) represent the main thyroid
hormones whose secretion is primarily controlled by
thyroid stimulating hormone (TSH) (1).

The thyroid hormone’s active form is T3 that
accounts for only 20% of the secreted hormone, with
most of T3 coming through peripheral T4 conversion
to T3. T4 accounts for about 80% of the hormone
that is produced. De-iodination occurs when T4 is
discharged into the circulation, resulting in T3
formation. Both hormones can then act as a negative
feedback loop on the anterior pituitary, with
increased T3/T4 concentrations lowering TSH
release while decreased T3/T4 concentrations
enhancing TSH secretion.

bounded to thyroxine-binding globulin (TBG),
whereas a little amount only has a free circulation in
the blood and are physiologically active (2).

Thyroid hormones are required for appropriate
growth, sexual development, and reproduction.
Alterations in thyroid functioning and a rise in
thyroid volume occur during puberty as a result of
body and sexual development (3). Thyroid hormones
regulate energy homeostasis, oxygen consumption
and thermogenesis, as well as glucose and lipid
metabolism (4).

Obesity is a chronic, inflammatory, metabolic
condition with a positive energy balance. The
adipose tissues produce various hormones as well as
adipocytokines, including leptin, that can alter
thyroid state at various degrees. There is evidence
about the effect of thyroid malfunction on increasing
obesity risk; contrariwise, there is evidence
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concerning the impact of obesity on inducing
thyroidal changes (5).

Body composition is intimately connected to
thyroid hormones levels that are correlated with the
magnitude of body weight alteration, involving fat,
muscle and water contents (6). The nature of
relationship between nonpathological variation in
thyroid state and body composition is unclear.
Previous studies lacked measuring body composition
parameters. Additionally, they included both males
and females in the same study; they did not focus on
a female sample only, especially that estrogen has a
direct impact on females’ thyroid cells (7).
Therefore, the current study aimed to investigate the
effect of body composition on thyroid hormones in
euthyroid post-pubertal females.

2. Participants and Methods
2.1. Design

The study was a cross-sectional observational
study. The research ethical committee of Cairo
University's faculty of physical therapy approved it
(No: P.T.REC/012/001950).

2.2. Recruitment

A sample of thirty post-pubertal females
participated in this study; ten of them had normal
weight (BMI was 18-25 kg/m?), another ten were
overweight (BMI was 25-30 kg/m?) and the last ten
had grade | obesity (BMI was 30-35 kg/m?). They
were selected from secondary schools, Kafr
Elsheikh, Egypt. Each participant gained informed
consent after identifying the study’s nature, aim and
benefit, telling them at all times of their right to
decline and withdraw, and the confidentiality of any
information taken.

2.3. Inclusion and Exclusion criteria

Females should be at least 1 year post-pubertal.
Their ages were 15-16 years. All of them were non-
smokers, healthy euthyroid. They should have no
thyroid illness, cancer or surgical interference,
history of obesity-related endocrine disease, diabetes,
liver problems, hypertension, cardiovascular illness,
stroke or renal disease. They shouldn’t receive any
drugs that may affect the thyroid function or reduce
weight for 6 months as a minimum before study
entry. They were distributed into 3 groups in
accordance with their BMI, because it is simple, non-
invasive and inexpensive (8). Group (A) consisted of
10 post-pubertal females, having normal weight
(BMI was 18-25 kg/m?), group (B) consisted of 10
post-pubertal females, suffering from overweight
(BMI was 25-30 kg/m?), and group (C) consisted of
10 post-pubertal females, suffering from grade |
obesity (BMI was 30-35 kg/m?).
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2.4. Outcome measures
2.4.1. Body composition parameters

Each female in all groups had her weight and
height measured by a weight-height scale to calculate
the BMI through dividing weight by the square of
height (Kg/m?) for their classification into three
groups. Then, the muscle, water, bone and fat
contents were measured for each female in the three
groups through Beurer InBody scale, a reliable non-
invasive body composition analyzer that acts as an
alternative for dual-energy x-ray absorptiometry (9).
All parameters were evaluated between 8:00 a.m. and
9:00 a.m. while the participant did not take breakfast,
with only light clothes, after removal of shoes, socks
and all metal accessories, before taking blood
samples.

2.4.2. Fasting blood levels of thyroid hormones

Venous blood samples were collected from
antecubital veins of all females in the three groups
after sterilization of area with alcohol swaps. All
samples were taken at morning following no less
than 10 hours of fasting to determine fasting blood
levels of serum free triiodothyronine (T3), serum free
thyroxine (T4) and serum thyroid stimulating
hormone (TSH), using MINI VIDAS, a compact
automated immunoassay system depending on the
Enzyme Linked Fluorescent Assay (ELFA)
principles. MINI VIDAS has world-wide reputation
as simple, flexible, reliable and available (10).

Data analysis

All statistical analysis was carried out with
Windows version 25 of the Social Studies Statistical
Package (SPSS) (IBM SPSS, Chicago, IL, USA). For
comparing age between groups, the ANOVA test
was carried used. Utilizing the Shapiro-Wilk test for
all variables, normal data distribution has been
validated. In order to check the homogeneity
between groups, Levene's homogeneity test was
undertaken. For comparison of the body composition
parameters and blood levels of thyroid hormones
between groups, one-way ANOVA test was
performed. For all statistical analyses, the level of
significance was set at p<0.05.

3. Results

Regarding the basic characteristics of
participants, there was no significant difference in
age between groups (p>0.05) (table 1). Regarding
body composition parameters, there was a significant
increase in BMI of group (C) compared to groups (A
& B) (p<0.05), and a significant increase in BMI of
the group (B) compared with that of group (A)
(p<0.05). There were no significant differences in the
muscle and bone contents between the three groups
(p>0.05). There was a significant decrease in water
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content and a significant increase in fat content of the
group (C) compared with that of group (A) (p<0.05).
There were no significant differences in water and fat
contents between the group (A) and (B) as well as
between group (B) and (C) (p>0.05) (table 2).

Regarding thyroid hormones, there was a
significant increase in serum free T4 of the group (C)
compared to group (A) (p<0.05). There were no
significant differences in serum free T4 between the
group (A) and (B) and between group (B) and (C)
(p>0.05). There were no significant differences in the
serum free T3 and serum TSH between the three
groups (p>0.05) (table 3).

Table (1): Basic characteristics of participants

Group Group Group P
(A) (B) © value
x+SD x+SD x+SD
Age 15.6 15.4 15.3 0.185
(years) +0.51 +0.52 +0.48 e

NS P > 0.05 = non-significant, P = Probability.

Table (2): Body composition parameters of the three
groups A,Band C

Group Group Group
(A) (B) (&)
£+SD £+SD 245D
BMI 20.56 25.18 31.77
(kg/m?2) +2.62 +181 +2.07
Muscle 29.1 29.6 29.1
content (%) +233 +15 +272
Water 416 37.9 35.2
content (%) +211 +3.24 +532
Bone 9.9 9.8 9.7
content (%) +0.31 +0.42 +0.48
Fat 19.6 23.2 26.3
content (%) +2.83 +3.67 +4.9

One-way ANOVA test for the body composition
parameters between the three groups

p-value AvsB AvsC Bys C
(IZD::Z) 0.001° 0.001% 0.0018
COth:rS\:I(i/o) 0.87Ns 1Ns 0.87Ns
corYX::f :%) 0.09Ns 0.002°S 0.26Ns
Con?eonrle(%) 0.85Ns 0.53 NS 0.85NS
Fat 0.11Ns 0.0028 0.19Ns

content (%)
NS p>0.05 = non-significant, S p<0.05 = significant, p =
Probability
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Table (3): Fasting blood levels of thyroid hormones of
the three groups A, Band C

Group (A) Group (B) Group (C)

x+SD x+SD x+SD
Serum free 2.72 2.85 3.03
T3 (pg/ml) +0.28 +0.26 +0.34
Serum free 0.08 0.09 0.1
T4 (pg/ml) +0.01 +0.01 +0.02
Serum TSH 3.57 3.32 3.09

(ulu/ml) +0.66 +0.6 +0.59

One-way ANOVA test for the body composition parameters
between the three groups

p-value AvsB AvsC BvsC
Serum free

0.58 NS 0.06 NS 0.37Ns
T3 (pg/ml)
Serum free

0.86 NS 0.03° 0.09 NS
T4 (pg/ml)
Serum

0.63 NS 0.2Ns 0.68NS
TSH (ulU/ml)

NS p>0.05 = non-significant, S p<0.05 = significant, p =
Probability

4. Discussion

Although thyroid hormones disorders are
accompanied by body composition alterations, the
response of thyroid hormones to body composition in
an euthyroid population is unclear (4). For that
reason, this study was designed to determine body
composition effect on thyroid hormones in euthyroid
post-pubertal females.

Regarding body composition parameters, our
results demonstrated that the BMI showed a
significant increase in group (C) in comparison to the
other two groups (A & B), and a significant increase
in group (B) in comparison to group (A). The muscle
and bone contents showed non-significant
differences between the three groups. Although water
content showed a significant decrease and fat content
showed a significant increase in group (C) in
comparison to group (A), they showed non-
significant differences between groups (A) and (B) as
well as between groups (B) and (C).

These results indicated that obesity did not
influence muscle and bone contents of post-pubertal
females. There is a contrast among studies on the
obesity effect on muscle and bone contents. Some
studies found that children with overweight or
obesity had greater mass and density of bone (11-13),
others found that they had lower (14-15) or similar as
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in the current study in comparison to children with
normal weight (16-17). Likewise, previous research
revealed that obesity was associated with high
muscle mass (18), while others reported that it was
accompanied by poor muscle quality (19). The
contrast between studies could be related to
variations in participants’ age, sex, physical activity
level and nutritional status, as well as differences in
evaluated skeletal areas.

The significant reduction in water content and
increase in fat content of group (C) in comparison to
group (A) could be supported with Laja Garcia et al.
(20) who found that overweight/obese persons,
according to BMI, drank water not as much as
persons with normal weight. Additionally, another
research reported that BMI was positively correlated
to body fat percent, and both were negatively
correlated to body water content (21). Moreover,
cross-sectional research was performed in healthy
persons, in which inversely related links were
established between water intake and body weight, as
well as body fat. Understanding the reasons behind
such connections is important, and while the answer
is yet unknown, it has been postulated that a
combination of water-related factors could explain
them. Thus, water intake increases satiety, increases
rate of lipolysis and expenditure of energy through
sympathetic ~ stimulation  and  thermogenesis
induction, decreases calorie intake due to errors in
hunger and thirst cue perception, and improves meal
quality, among other things (22).

Regarding thyroid hormones, serum free T4
showed a significant increase in group (C) in
comparison to group (A) but still within normal
range, while it showed non-significant differences
between groups (A) and (B) as well as between
groups (B) and (C). Additionally, serum free T3 and
serum TSH showed non-significant differences
between the three groups. These findings suggested
that obesity alters only serum free T4 levels, with no
effect on serum free T3 and serum TSH levels.

Regarding free T4, our findings were supported
by Reinehr and Andler (23) who found higher total
T4 concentrations in children with obesity in
comparison to those with normal weight, at age
ranging from 4.5 to 16 years, and declined following
weight reduction program. Additionally, Milionis
and Milionis (24) demonstrated a positive association
between total T4 and BMI in euthyroid women.
Moreover, an animal study concluded that obesity is
accompanied by a significant rise in free T4, but
within the normal range (25). On the other hand,
some studies found no difference in free T4 between
obese and non-obese euthyroid persons (26,27),
while other studies demonstrated a significant
negative relationship between free T4 and BMI in
euthyroid individuals (28,29).
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The increased free T4 in obese females in the
current study could be related to the effect obesity on
inducing a relative status of thyroid hormones
resistance, either resulted from the impact of leptin
and/or from the influence of increased no esterified
fatty acids levels. An increased free T4 plus a normal
or elevated TSH levels represent the diagnostic
criterion for thyroid hormones resistance (25), and so
the current study’s observations were consistent with
this criterion.

Regarding free T3, the results of the current
study came in line with lacobellis et al. (30) who
reported absence of relationship between free T3
levels and BMI. On the contrary, the results of the
current study disagreed with previous research
demonstrating an increase in T3 or free T3 in
overweight and obese persons when compared to
normal weight counterparts (23,31). Moreover, some
studies revealed positive association of T3 or free T3
levels with BMI in euthyroid individuals (24,32).

Regarding TSH, the present study’s findings
coincided with previous research showing non-
significant difference in TSH levels between obese,
overweight and normal weight persons (26).
Additionally, several studies reported non-significant
relationship between TSH levels and BMI (28,33). In
contrast, the existence of a positive correlation
between adiposity parameters and TSH in euthyroid
individuals was reported by many investigators
(32,34,35).

The controversy among studies concerning
thyroid hormones levels in persons with different
BMI could be related to dissimilarities in sample
size, age, sex, exercise participation, dietary patterns
and lifestyle habits of study participants.

5. Conclusion

Obese, overweight and normal weight euthyroid
post-pubertal females have similar muscle content,
bone content, serum free T3 and serum TSH.
However, obese females have lower water content
along with higher fat content and serum free T4 than
normal weight females.
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