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Abstract

Study aim: To evaluate the relationship between body fat, lipid profile and selected hormones in the context of lower and higher 
normal thyroid-stimulating hormone (TSH) levels in active male students.
Material and methods: A total of 112 male students of the Faculty of Physical Education volunteered to participate in the study. 
Body weight, height and waist circumference were measured using standard medical equipment. The percentage of body fat was 
determined from the sum of the thickness of four skinfolds. Circulating lipids, TSH, glucose and insulin level were measured.
Results: Biochemical characteristics revealed that the circulating total cholesterol (TC), low-density lipoprotein cholesterol 
(LDL-C), and triacylglycerol (TG) levels were significantly lower in students with lower normal TSH levels vs. students with 
higher normal TSH levels. The analysis of distorted metabolic variables indicated that for students with higher normal TSH 
levels the frequency of disturbances was significantly higher than in students with lower normal TSH levels. Additionally, this 
group was characterized by a significantly higher percentage of fat in the body.
Conclusion: In young, physically active men, certain metabolic disorders related to plasma lipid profiles may be observed de-
spite normal TSH levels.
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Introduction

The endocrine system is one of the most crucial systems 
in the human body, playing an important role in maintain-
ing homeostasis. It significantly influences the survival 
of the organism by managing the functions of all systems 
and organs, affecting the body’s immune response and its 
ability to combat diseases. Disruptions in its functioning 
can lead to the improper operation of other systems and 
affect various bodily processes, including metabolic ones 
[1, 25].

Presently, numerous scientific studies in databases in-
dicate that abnormal thyroid hormone levels negatively 
affect the body’s homeostasis, including energy and lipid 
metabolism. This observation is critical as lipid metabo-
lism disorders can predispose individuals to cardiovas-
cular diseases, dyslipidemia, and atherosclerosis. There 
is evidence linking increased TSH levels to higher total 
cholesterol (TC) and low-density lipoprotein cholesterol 

(LDL-C) levels. It is also worth noting that cortisol affects 
thyroid function, as high cortisol levels can reduce the 
production of TSH, potentially leading to hypothyroidism 
[3, 9, 10, 36].

However, it is important to note that even borderline 
TSH values, both at the upper and lower limits of normal, 
impact lipid levels in the body. Studies have identified 
a relationship among euthyroid subjects between elevated 
TSH levels and higher TG levels, and between lower TSH 
levels and decreased TC and LDL-C levels in subjects 
with TSH in mid-range and low normal values [7, 39].

Additionally, subclinical hypothyroidism has been 
observed to affect blood lipid levels and reduce the size 
of LDL-C fractions, which may contribute to atheroscle-
rosis and heart diseases [4, 9, 17]. Subclinical hypothy-
roidism may also contribute to the development of meta-
bolic syndrome [24]. Studies have noted that subclinical 
hypothyroidism is associated with lower levels of small 
high-density lipoprotein cholesterol (HDL-C) subfrac-
tions that exhibit vascular protective effects [16, 26]. 
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Conversely, subclinical hyperthyroidism has been linked 
to lower levels of large HDL-C subfractions and higher 
average HDL-C subfractions [17]. However, this issue has 
been studied mainly in middle-aged and older adults due 
to the severity of thyroid disease [18]. It is worth empha-
sizing that there are few reports on the metabolic effects 
of variability in normal circulating TSH levels in young 
adults, and their results are interpreted jointly for male and 
female participants [28].

These findings prompted researchers to investigate 
whether there is a relationship between TSH concentration 
and the lipid profile in the studied group of young men.

Materials and methods

Subjects
A total of 112 male students of the Faculty of Physi-

cal Education volunteered to participate in the study. The 
participants were recruited on the basis of word of mouth 
and advertisements in student dormitories. All volunteers 
reported having no health problems, did not smoke and 
were not taking supplements on a regular basis. All par-
ticipants were participating in different types of regular 
physical activity according to the study program (mar-
tial arts, swimming, games). The average age of the re-
search participants was 21 years, body weight was 79 
kg, and body height was 182 cm. Before the study all 
subjects provided their written consent for participation 
in all procedures. The study protocol was accepted by 
the local ethics commission at the University of Physi-
cal Education (ethics committee approval number SKE 
01-01/2015).

Anthropometric measurements 
In all participants after all outer clothing and shoes had 

been removed body mass and height were measured using 
standard medical equipment. Body mass was measured to 
the nearest 0.1 kg and body height to the nearest 0.5 cm. 
Body mass index (BMI) was calculated as body mass (kg) 
divided by height (m) squared. Waist circumference was 
measured to the nearest 0.1 cm using a  non-stretchable 
tape. The percentage of body fat was determined from the 
sum of the thickness of four skin folds (biceps, triceps, su-
prascapular and subscapular), which was measured using 
a Harpenden Skinfold Caliper (British Indicators, Burgess 
Hill, UK) and calculated according to Durnin and Womer-
sley [12]. Each measurement was repeated twice, and in 
the event of discrepancies, it was repeated again.

Biochemical analyses 
Participants were required to report for blood sampling 

at least 12 hours after their last meal. Blood was collect-
ed between 7:30 and 9:00 a.m. from the antecubital vein 

under aseptic conditions into plastic tubes with an antico-
agulant, and then centrifuged for 15 min/4000 rpm at 40°C 
to obtain plasma. Plasma was stored at –70°C until assays 
were performed. Triacylglycerols (TG), total cholesterol 
(TC) and HDL cholesterol (HDL-C) were determined us-
ing colorimetric methods and appropriate kits (Randox 
Laboratories, UK). Glucose was determined in plasma us-
ing the GOD-PAP method. The coefficients of variation 
for all parameters did not exceed 5. The concentration of 
LDL cholesterol (LDL-C) in plasma was calculated us-
ing the Friedewald formula [13]. Plasma insulin, cortisol 
and TSH levels were determined using radioimmunoassay 
methods and commercial BioSource kits (Belgium). Inter 
– and intra-assay coefficients of variation for hormones 
did not exceed 7%. All measurements were done in du-
plicate. The Homeostatic Model Assessment for Insulin 
Resistance (HOMA-IR) index was calculated according to 
the following formula [20]: 

HOMA-IR = [glucose (mmol/L) × insulin (µIU/ml)] /22.5.

Concentrations of plasma lipoproteins were classified 
according to the recommendations of the National Insti-
tute of Health (HDL-C <40 mg/dl, ≥60 mg/dl; LDL-C 
<100 mg/dl, ≥100 mg/dl; TG <150 mg/dl, ≥150 mg/dl; TC 
<200 mg/dl, ≥200 mg/dl), glucose 70–99 mg/dl, insulin 
2.6–24.9 µIU/ml, cortisol 4.82–19.5 µg/dL [23]. The cut-
off value of HOMA-IR was established at the level of the 
75th percentile (2.188 for males) [15, 33]. The results of 
circulating TSH were used to identify subjects with nor-
mal circulating hormone TSH levels established in the 
range 0.4–4.0 μIU/ml according to Ruderich [30].

Energy expenditure
The Seven-Day Physical Activity Recall Questionnaire 

(SDPAR) was used in the study. It is a reliable and widely 
used questionnaire that assesses levels of physical activity 
[8, 31].

Data were obtained from the participants regarding 
the duration, intensity and frequency of activity, as well 
as sleep. The different types are expressed as MET 1.5, 4, 
6 and 10 and then presented in kcal/day. In addition, the 
total daily energy expenditure (DEE, kcal/day), being the 
sum of basal metabolic rate, energy expended on physical 
activity and the thermal effect of food, was estimated.

Energy intake
Energy intake (EI) was analyzed on the basis of 24-hour 

nutritional interviews collected during the 4 days preced-
ing blood collection, including 2 weekdays and 2 days off. 
Daily food intake was assessed using a Photo Album of 
Products and Dishes presenting the types and sizes of food 
in grams [35], and then analyzed using a  computer pro-
gram and the Dieta 5.0 computer program purchased at the 
Institute of Food and Nutrition in Warsaw (Poland). 
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Statistical analysis
All data were tested for normality using the Shapiro-

Wilk test. Statistical significance was tested using the 
Mann-Whitney test. The Pearson chi-square test was used 
to analyze the differences between the frequency of ab-
normal lipid levels and the TSH level. The Spearman rank 
correlation coefficients between TSH levels and other 
circulating variables were calculated. The frequency of 
optimal and higher than optimal circulating lipoprotein 
and HOMA-IR were calculated. Data are presented as 
mean ± SD. The value of P < 0.05 was accepted as signifi-
cant. All calculations were carried out using Statistica v.12 
(StatSoft, Illinois, USA).

Results

Subjects with lower and higher normal TSH levels did 
not differ with respect to age, weight, height, BMI, WC, 
DEE or EI. However, a significant difference was noted in 
the FAT % (P < 0.02) (Table 1).

Biochemical characteristics revealed that the circulat-
ing TC, LDL-C, and TG were significantly lower in sub-
jects with lower normal TSH levels vs. subjects with high-
er normal TSH levels (P < 0.02 for TSH, LDL-C and TG, 
P < 0.001 for TC). However, circulating glucose, HDL-C, 
cortisol, insulin and HOMA-IR did not differ significantly 
between the groups (Table 2).

Table 2.  Biochemical characteristics of students with lower 
and higher normal TSH levels (mean ± SD)

Variables

Lower normal
TSH levels

(0.4-2.49 μIU/ml)
(n = 60)

Higher normal
TSH levels

(2.5-4.0 μIU/ml)
(n = 52)

TSH [μIU/ml] 1.75 ± 0.35 3.50 ± 1.00 b

Glucose [mg/dl] 85.21 ± 6.92 84.81 ± 5.31

TC [mg/dl] 155.67 ± 31.76 202.48 ± 21.99 a

HDL-C [mg/dl] 57.24 ± 11.40 55.69 ± 12.04

LDL-C [mg/dl] 84.11 ± 25.56 90.77 ± 24.73 b

TG [mg/dl] 71.55 ± 31.40 87.77 ± 32.47 b

Cortisol [μg/dl] 15.23 ± 3.55 15.87 ± 3.37

Insulin [μIU/ml] 5.08 ± 2.20 5.57 ± 2.49

HOMA-IR 1.07 ± 0.48 1.17 ± 0.54

TC – total cholesterol; HDL-C – high-density lipoprotein cholesterol; 
LDL-C – low-density lipoprotein cholesterol; TG – triacylglycerols; 
TSH – thyroid-stimulating hormone; HOMA-IR – Homeostatic Model 
Assessment for Insulin Resistance; ap < 0.001 – significantly different 
vs. students with lower normal TSH levels; bp < 0.02 – significantly 
different vs. students with lower normal TSH levels.

The analysis of distorted metabolic variables indicat-
ed that for male higher normal TSH levels frequency of 
disturbances was significantly higher than in male lower 
normal TSH levels (11.5% vs.1.7% for HDL-C, 30.8% 
vs.16.7% for LDL-C). On the contrary, the frequency of 
disturbed plasma glucose, TC, TG, cortisol and HOMA-
IR did not differ in both groups (Table 3).

Classification of concentrations of lipids in subjects 
with lower and higher normal TSH levels revealed that 
similar percentages of both groups were character-
ized by optimal and above optimal TC levels (86.67% 
vs. 86.54% for optimal levels, 13.34% vs. 13.47% for 
above optimal) and TG levels (96.67% vs. 94.23% for 
optimal levels, 3.34% vs. 5.77% for above optimal). In 
students with lower normal TSH levels 1.67% had low 
and 33.34% had high HDL-C levels. However, in stu-
dents with higher normal TSH levels 11.54% had low 
and 30.77% had high HDL-C levels. Optimal LDL-C 
levels were found in 83.34% of students with lower nor-
mal TSH levels and 69.23% of students with higher nor-
mal TSH levels, but above optimal LDL-C levels were 
found in 16.67% of students with lower normal TSH 
levels and 30.76% of students with higher normal TSH 
levels (Table 4).

BMI – body mass index; Fat (%) – body fat percentage; WC – Waist 
circumference; DEE – daily energy expenditure; EI – energy intake; 
ap < 0.02 – significantly different vs. students with lower normal TSH 
levels.

Variables

Lower normal 
TSH levels

(0.4–2.49 μIU/ml)
(n = 60)

Higher normal
TSH levels

(2.5–4.0 μIU/ml)
(n = 52)

Age [years] 21.12 ± 2.15 20.93 ± 1.55

Weight [kg] 77.18 ± 9.38 80.83 ± 11.59

Height [cm] 181.90 ± 6.87 182.38 ± 6.35

Fat [%] 10.80 ± 4.40 12.95 ± 5.16 a

BMI 23.32 ± 2.78 24.27 ± 3.07

WC [cm] 77.43 ± 4.76 78.98 ± 8.27

DEE [kcal/day] 2466 ± 368 2505 ± 318

EI [kcal/day] 2844 ± 760 2887 ± 940

Table 1.  Characteristics of participants with lower and higher 
normal TSH levels (mean ± SD)
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In both groups of men, there was a weak positive cor-
relation between TSH and some lipid parameters, glucose 
and cortisol. Conversely, there was a weak negative cor-
relation between TSH and other lipid parameters and insu-
lin, suggesting some associations between TSH levels and 
markers of metabolism and lipid profile (Table 5).

Table 5.  Spearman rank correlation coefficients between 
TSH levels and other circulating variables in subjects with 
lower and higher normal TSH levels

Lower normal
TSH levels

(0.4–2.49 μIU/ml)
(n = 60)

Higher normal
TSH levels

(2.5–4.0 μIU/ml)
(n = 52)

TG [mmol/L] –0.035 0.057

TC [mmol/L] 0.020 0.157

HDL-C [mmol/L] 0.140 –0.026

LDL-C [mmol/L] –0.042 0.164

Fat [%] 0.147 –0.092

Glucose [mg/dl] 0.141 0.035

Cortisol [μg/dl] 0.136 0.091

Insulin [μIU/ml] –0.132 –0.182

For abbreviations see Table 2.

Table 3.  Frequency distribution of unhealthy levels of 
biochemical variables in physically active male students with 
lower normal and higher normal circulating TSH

Variables

Lower normal
TSH levels

(0.4–2.49 μIU/ml)
(n = 60)

Higher normal
TSH levels

(2.5–4.0 μIU/ml)
(n = 52)

Glucose [mg/dl] none none

TC [mg/dl]

>200 mg/dl] 3.3^ (2)* 5.8 (3)

HDL-C [mg/dl]

<40 mg/dl 1.7 (1) 11.5 (6) a

LDL-C [mg/dl]

>100 mg/dl 16.7 (10) 30.8 (16) b

TG [mg/dl]

>150 mg/dl 3.3 (2) 5.8 (3)

Cortisol [μg/dl] none none

HOMA-IR

>2.188 1.7 (1) 5.8 (3)

For abbreviations see Table 2. ̂  – percentage of participants; * – number 
of subjects;  ap < 0.02 bp < 0.05. 

Lower normal
TSH levels

(0.4–2.49 μIU/ml)
(n = 60)

Higher normal
TSH levels

(2.5–4.0 μIU/ml)
(n = 52)

Chi2
 (p)

 3.0720
(0.3807)

TC
Optimal (<200 mg/dl) 86.67^ (52)* 86.54 (45)
Above optimal (≥200 mg/dl) 13.34 (8) 13.47 (7)
HDL-C
Low (<40 mg/dl) 1.67 (1) 11.54 (6)
High (≥60 mg/dl) 33.34 (20) 30.77 (16)
LDL-C
Optimal (<100 mg/dl) 83.34 (50) 69.23 (36)
Above optimal (≥100 mg/dl) 16.67 (10) 30.76 (16)
TG
Optimal (<150 mg/dl) 96.67 (58) 94.23 (49)
Above optimal (≥150 mg/dl) 3.34 (2) 5.77 (3)

Table 4.  Classification of concentrations of TC, HDL-C, LDL-C and TG in subjects with lower and higher normal TSH 
levels

TC – total cholesterol; HDL-C – high-density lipoprotein cholesterol; LDL-C – low-density lipoprotein cholesterol; TG – triacylglycerols; ^ – per-
centage of participants; * – number of subjects.
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A higher percentage of men with higher normal TSH 
levels have HOMA-IR values above the specified cut-off 
value (2.188) compared to men with lower normal TSH 
levels (Table 6).

Table 6.  Percentage of participants with higher value HOMA-
IR (cut-off > 2.188) in subjects with lower and higher normal 
TSH levels

Lower normal
TSH levels

(0.4–2.49 μIU/ml)
(n = 60)

Higher normal
TSH levels

(2.5–4.0 μIU/ml)
(n = 52)

HOMA-IR
>2.188 1.67^ (1)* 5.76 (3)

HOMA-IR – Homeostatic Model Assessment for Insulin Resistance;  
^ – percentage of the group; * – number of subjects.

Discussion

Diseases of the thyroid gland are among the most com-
mon endocrine disorders globally, second only to diabetes 
mellitus [11, 29]. It is widely known that thyroid dysfunc-
tion, particularly hypothyroidism, is associated with dys-
lipidemia, increasing the risk of endothelial dysfunction, 
hypertension, and cardiovascular diseases [6, 27]. The 
most significant conclusion from our study is that even 
TSH concentrations at the upper limit of the norm influ-
ence the occurrence of some metabolic disorders in young, 
physically active men. These men had significantly higher 
levels of adipose tissue and serum TC, LDL-C and TG lev-
els compared to men whose TSH levels were at the lower 
end of the reference range. This is consistent with other 
data indicating a direct influence of thyroid hormones on 
lipid and lipoprotein metabolism [2, 19]. It is known that 
hypothyroidism is associated with hyperlipidemia through 
modifications in lipid synthesis, absorption, circulation, 
and metabolism [21, 34]. A significant decrease in TC and 
LDL-C levels has been demonstrated after administering 
thyroxine in a small group of patients with hypercholester-
olemia, where the baseline TSH levels were within the up-
per range of normal values. In our study, the frequency of 
unhealthy levels, especially LDL-C and HDL-C, is partic-
ularly noteworthy in men with higher normal TSH levels. 
Literature evidence suggests that hypothyroidism leads to 
an increase in gastrointestinal cholesterol absorption and 
a  decrease in cell-surface LDL-C receptors, resulting in 
reduced plasma LDL-C clearance. Decreased clearance of 
LDL-C implies that the body does not efficiently remove 
LDL-C from the bloodstream, posing a risk factor for the 
development of non-alcoholic fatty liver disease [5, 14].

In our study, a higher percentage of participants with 
higher values of HOMA-IR was also observed in males 
with higher normal TSH levels. These results are consist-
ent with reports from other authors, as HOMA-IR was 
increased in patients with hypothyroidism and subclinical 
hypothyroidism, potentially increasing the risk for athero-
genesis and cardiovascular disease due to increased insu-
lin resistance [37, 38].

It is important to underline that this study has limita-
tions due to the small number of participants. Moreover, 
this is a cross-sectional study. Our data indicate that sig-
nificant metabolic disorders may affect young, slim, and 
physically active men with higher plasma TSH concentra-
tions, even within the reference range. However, in many 
studies, such disturbances are observed only in the sub-
clinical form of hypothyroidism, where TSH levels in the 
serum exceed the norm [9]. Simultaneously, it cannot be 
ruled out that the cause of metabolic disorders is an unfa-
vorable change in lifestyle or diet. It has been shown that 
the fast pace of life among students, who are often both 
studying and working, does not support making healthy 
dietary choices. Students are particularly vulnerable to di-
etary irregularities not only due to their irregular sched-
ules but also due to frequent financial or organizational 
challenges in meal preparation [22, 32].
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