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Abstract Our study was aimed at the evaluation of relationships between thyroid stimulating hormone (TSH) within the normal 
range and metabolic risk factors (glucose, insulin, HOMA-IR and lipoprotein profile) in physically active male and female 
students. In 219 students circulating TSH, glucose, insulin and lipoproteins were measured in blood under fasting conditions. 
Insulin resistance was expressed as HOMA-IR (homeostasis model assessment for insulin resistance). For further procedures 
99 males and 97 regularly menstruating females with TSH 0.4–4.0 µIU/ml were accepted. In male students no correlations 
between circulating TSH, anthropometric and biochemical variables were noted. In females TSH within the normal range was 
slightly but significantly correlated with the triglyceride (TG) level (p < 0.03). However, step-wise multiple regression analysis 
revealed that the effect of TSH was small (p < 0.046) in relation to that found for HOMA-IR (p < 0.0009). No relationships 
between biochemical variables and normal levels of TSH were noted in male students. However, surprisingly normal range TSH 
in males was slightly but significantly correlated with the percentage of body fat and this issue needs further studies concerning 
measurements of different fat depots. The above data suggests that in active females TG synthesis and export from the liver is 
more sensitive to TSH action than in active male counterparts. 
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Introduction
Numerous studies have shown that variability in circulating TSH within the normal range affects circulating 

lipids (Asvold, Vatten, Nilsen, Bjøro T, 2007; Lee et al., 2019 ). However, this issue was studied mostly in middle-
aged and older adults as a consequence of increased thyroid gland disease with age (Chen et al., 2018; Lo Sasso, 
Vidali, Scazzone, Agnello, Ciaccio, 2019). Data concerning metabolic effects of variability in normal level circulating 
TSH in young adults are scarce and their results are interpreted for combined male and female participants (Joseph, 
Chettuvatti, Yadav,   Bharadwaj, Kotian, 2017; Rahbar et al., 2017). On the other hand, it is well documented that 
sex hormones significantly contribute to the regulation of thyroid function due to functional associations between 
the hypothalamic-pituitary-thyroid axis (HPT) and the hypothalamic – pituitary gonadal axis (HPG) at least in part 
due to estrogen and androgen receptor expression in thyroid glands (Schaefer, Geelhoed, Dadu, 1986; Marugo 
et al., 1991). Thus, the above data suggest that studies concerning TSH effects on metabolic processes have to be 
interpreted separately in males and females due to differences in sex hormone status. 

Additionally, many data have provided discordant results concerning associations of circulating TSH and 
physical activity. In young men both no changes and significant elevation in circulating TSH were noted immediately 
after maximal aerobic exercise (Ciloglu et al., 2005; Huang et al., 2004; Beyleroglu, 2011). In addition it was shown 
that long term exercise may have different impacts on TSH levels than an acute exercise program (Hawamdeh, 
Baniata, Mansi, Nasr, Aburjai, 2012). However, no changes in circulating TSH were observed in elite athletes who 
underwent regular training (Healy, Gibney, Pentecost, Wheeler, Sonksen, 2014; de Souza et al., 2019; Ceresini 
et al., 2019). With this background in mind our study was undertaken and was aimed at evaluation of relationships 
between circulating TSH within the normal range with metabolic risk factors (glucose, insulin, lipoproteins) separately 
in male and female physical education students engaged in regular physical activity due to their studies. In 112 male 
and 107 female students circulating TSH, glucose, insulin and lipoproteins were measured in blood under fasting 
conditions. For further procedures exclusively those with TSH 0.4–4.0 µIU/ml were selected.

Material and methods
Subjects 
Physical education students were recruited by word of mouth and advertisements in student dormitories. 

Exclusively regularly physically active healthy non-smokers not taking supplements on a regular basis were accepted. 
None of them were high-performance athletes, however, all volunteers had been active for at least 3 months and 
were engaged in different forms of physical activity due to their study program (gymnastics, swimming, basketball, 
dance for 6 hours/week). Finally 112 males and 148 females were accepted and underwent further procedures. 
All 148 female students were asked about oral contraceptive (OC) use and 25 OC users were excluded from the 
study. Thus 123 females were asked to provide information concerning menstrual cycle regularity. In consequence 
exclusively 107 females with cycle length 21–35 days were accepted for participation (Dasharathy et al., 2012). All 
participants provided written consent for participation in the study and the study protocol was accepted by the local 
Ethics Commission.
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Anthropometry
In 112 male and 107 female subjects mass and height were determined in barefooted participants wearing light 

clothes using standard medical equipment. The precision of body mass and height determination was 0.1 kg and 
0.1 cm, respectively. Body fatness was determined using measurements of 4 skinfolds (biceps, triceps, suprailiac 
and subscapular) with Harpenden caliper (British Indicators, Burges HILL, UK) and calculated according to Durnin 
and Womersley (1974). All measurements were done twice by a trained technician and in the case of discrepancy 
were repeated for the third time. Lean body mass (LBM) was also calculated.

Biochemical analysis
A total of 112 males and 107 females were accepted for blood analysis. All subjects were asked to refrain from 

physical activity for at least 8 h and to eat their last meal at least 12 h before blood withdrawal. Blood was taken 
under aseptic conditions into plastic tubes with anticoagulant and centrifuged 15 min to obtain plasma which was 
stored at – 70°C until analysis. Plasma glucose was determined using the GOD-PAP method. Triacylglycerols (TG), 
total cholesterol (TC) and HDL-cholesterol (HDL-C) were assayed with colorimetric methods and commercial kits 
(Randox Laboratories, UK). Coefficients of variation for all variables did not exceed 5%. The plasma concentration 
of LDL-cholesterol (LDL-C) was calculated according to the Friedewald, Levy, Fredricson  (1972) formula. Plasma 
insulin was measured using a standard radioimmunoassay (RIA) with human monoclonal antibodies against insulin 
and commercial kits (BioSource, Belgium). Inter- and intra-assay coefficients of variation for insulin determination 
did not exceed 7%. All measurements were done in duplicate. Insulin resistance index (HOMA-IR) was calculated 
according to the Mathews et al. (1995) formula:

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

Subjects’ classification according to normal plasma TSH
Circulating thyroid hormone (TSH) was assayed using a standard immunoassay method (RIA) and commercial 

kits (BioSource (Belgium) Inter- and intra- assay coefficients of variation for TSH determination did not exceed 7%. 
The results of circulating TSH were used to identify subjects with normal circulating hormone TSH levels 

established between 0.4–4.0 µIU/ml according to Pearce et al. (2013). In consequence, a total of 99 males and 
97 regularly menstruating females participated in the analysis of TSH relationship with other metabolic variables 
(glucose, insulin, HOMA-IR and lipoproteins) (Figure 1).
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(0.4–4.0 µIU/ml) 
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with normal TSH 
(0.4–4.0 µIU/ml) 

n = 99 

Figure 1. Classification of study participants according to circulating TSH.

Statistical analysis
Data were tested for normality using the Shapiro-Wilk test. The differences between male and female students 

were evaluated using the Mann-Whitney test. In both male and female students Pearson’s correlation was used 
to test the association between TSH and other variables. In addition, in females step-wise regression analysis 
was performed to determine the contribution of TSH to the variability of the TG plasma levels. Both analyses 
were performed for logarithmically transformed data (base 10). Descriptive statistics are presented as mean ± 
SD. Significance of differences was established at p < 0.05. All calculations were performed using STATISTCA for 
Windows, v.12.0 (Stat Soft, USA). 

Results 
Body composition and metabolic variables in male and female participants with normal TSH are presented in 

Table 1 with males with significantly higher body mass, body height but lower percentage of body fat in comparison 
with females (p < 0.001 for all variables). Females were characterized by significantly higher circulating insulin vs. 
males (p < 0.001) In consequence, HOMA-IR in females was markedly higher in comparison with males (1.480 
vs. 1.128, p < 0.005). There were no sex-related differences in plasma levels of TG, TC and LDL-C. However, 
circulating HDL-C in females was higher by 28.5% than in males (p < 0.001). In male students a slight, but significant 
correlation was found between circulating TSH and the percentage of body fat (p < 0.03) but no correlations of TSH 
with biochemical variables were noted (Table 2). On the contrary, in female students circulating TSH was not related 
to the percentage of body fat but a slight and significant correlation was noted with plasma TG (p < 0.03).
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Table 1. Anthropometric and biochemical characteristics of physically active male and female students with normal TSH levels 
(0.4–4.0 µIU/ml)

Variables
Males 

(n = 99)
Females
(n = 97)

Age (years) 21.1 ±2.1 21.1 ±1.5
Weight (kg) 78.4 ±10.0 62.2 ±8.5a

Height (cm) 182.0 ±6.7 167.9 ±5.7a

Fat (%) 11.6 ±4.8 25.2 ±5.2a

Fat (kg) 9.1 ±4.7 15.7 ±6.0a

LBM (kg)^ 69.3 ±7.7 46.5 ±4.1a

TSH (µIU/ml)# 2.3 ±0.8 2.2 ±0.8
Glucose (mmol/L) 4.7 ±0.3  4.5 ±0.3a

Insulin (µIU/ml) 5.4 ±2.4 7.4 ±4.8a

HOMA-IR 1.128 ±0.535 1.480 ±0.932b

TG (mmol/L) 0.9 ±0.4 0.8 ±0.3
TC (mmol/L) 4.3 ±0.8 4.4 ±0.6
HDL-C (mmol/L) 1.4 ±0.3 1.8 ±0.3a

LDL-C (mmol/L) 2.2 ±0.6 2.2 ±0.6
^ LBM – lean body mass; # TSH-thyroid stimulating hormone. 
HOMA-IR – insulin resistance; TG – triacylglycerols; TC – total cholesterol; HDL-C – HDL-cholesterol; LDL-C – LDL-cholesterol.
a P < 0.001; b P < 0.005 – significantly higher vs. males.

Table 2. Pearson’s correlation coefficients between normal TSH level, anthropometry and biochemical variables in active male 
and female students 

Variables
Males 

(n = 99)
Females 
(n = 97)

Fat (%) 0.226a 0.002
Glucose (mmol/L) –0.020 0.090
Insulin (µIU/ml) 0.040 0.105
HOMA-IR 0.001 0.113
TG (mmol/L) –0.120 0.230a

TC (mmol/L) –0.040 0.001
HDL-C (mmol/L) 0.080 0.178
LDL-C (mmol/L) –0.050 –0.150

Abbreviations: see Table 1; * all data were logarithmically transformed (base 10) before calculation; a P < 0.030.

In females step-wise multiple regression analysis revealed that circulating TG was positively and significantly 
correlated with HOMA-IR (p = 0.0002) with slight but significant contribution of plasma TSH to the variability of TG 
(p = 0.046) (Table 3). In the case of male students all data were excluded from step-wise multiple regression model. 
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Table 3. Step-wise multiple regression analysis for the relationship between TG and HDL-C with TSH and HOMA-IR in active 
female students with normal TSH levels 

Dependent variable Independent variables ß SD t p

TG* HOMA-IR 0.359 0.094 3.820 0.0002
TSH 0.189 0.094 2.017 0.0460

Corrected R 2 = 0.162, F (2.94) = 10.338, p < 0.00009

For abbreviations – see Table 1; * – all data were logarithmically transformed before analysis (base 10).

Discussion 
The most important finding of our study indicated that active female subjects differ in respect to the relationship 

between normal level TSH with circulating TG vs. their male counterparts. 
In male students no correlations between circulating TSH, anthropometric and biochemical variables were 

noted. This is in agreement with other data indicating a direct effect of thyroid hormones on hepatic lipid metabolism 
(Sinha, Singh, Yen, 2018; Duntas, Brenta, 2018). In addition there are data which noted that in middle age subjects 
TG efflux from the liver is to a greater extent stimulated by TSH in females than in males (Tognini et al., 2012). 
However, multiple regression analysis indicated that TSH contribution is close to the limit of significance, with 
powerful contribution of insulin resistance expressed as HOMA-IR. It is well documented that TG synthesis in the 
liver is markedly stimulated in response to elevated insulin resistance (Scherer et al., 2016; Pramfalk et al., 2016). 
Thus, it could be postulated that in active females the role of insulin resistance in the regulation of circulating TG 
is more pronounced than that of blood TSH within the normal range. On the other hand, it could be tentatively 
postulated that the effect of TSH on TG will be more pronounced with an increase in its plasma level observed with 
age in both sexes (Ehrenkranz et al., 2015; Wang et al., 2018). In this context the role of TG in the development 
of cardiovascular disease in women has to be taken into consideration (Boullart, de Graaf, Stalenhoef, 2012; Budoff, 
2016). Interestingly, data for active male students did not demonstrate any relationship between circulating normal 
range TSH with TG. Thus it could be suggested that different steps of TG metabolism in active males are less 
sensitive to variability of TSH within the normal range. Therefore, the age and sex of the subjects, as well as the 
range of TSH level in the blood, seem to be of key importance for the assessment of its influence on the metabolism 
of hepatic lipid metabolism.

Surprisingly, a slight but significant associations of TSH with the percentage of body fat was found exclusively 
in male students, thus in subjects with significantly lower fatness vs. their female counterparts. The reason for this 
finding could be only speculated and further studies are needed concerning regional fat distribution (e.g. visceral 
and/or epicardial) in both active males and females in the context of normal circulating TSH (Korkmaz et al., 2013; 
Belen et al., 2015; Sayin et al., 2016).

Conclusions
In summary, our study indicated that circulating TG in physically active females is more sensitive to variability 

in TSH within the normal range in comparison with their male counterparts. However, the contribution of TSH 
although significant is much lower than that of insulin resistance expressed as HOMA-IR. According to our best 
knowledge this study is the first which focused on the effect of normal TSH levels on the metabolic profile in young, 
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active participants of both sexes. However, the limitations of our study have to be underlined and are focused on 
the lack of the determination of adipokines (e.g. leptin and adiponectin) but also of the adipo-myokine irisin which 
possibly affect circulating TSH and whose levels differ with respect to sex. Moreover, it seems that in males more 
precise determination of body fat is of importance.
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