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Establishing links between serum thyroid hormone panel and triglyceride (TG) concentrations with
non-invasively obtained measurements of anthropometric parameters of young women may provide
preliminary knowledge about the homeostasis of metabolic processes and body composition and
about the strategic role of the tested parameters as early screening tests for assessing the health
status of apparently healthy women in the period preceding pregnancy. The study was conducted

in 381 healthy female students (aged 18-26 years, mean +SD =22.1+1.3). Anthropometric indices
(BMI, waist-to-hip ratio, FAT%) were calculated and serum concentrations of thyroid hormones
(TSH, fT3, fT4) were determined using electrochemiluminescence immunoassays and serum
triglycerides (TG) with a commercially available test. No association was established between serum
TSH and anthropometric indices in healthy young women. Increased serum concentrations of fT4,
fT3 and TG were found in overweight subjects, i.e. BMI> 24.9 kg/m? (p <0.05). A significant negative
association between fT3 and TG was found in underweight subjects (r= - 0.258, p=0.049) and a
significantly positive association in normal-weight subjects (r=0.139, p=0.019). In healthy young
women differences in BMI are not related to thyroid function. The opposite directions between the
associations fT3 vs TG in underweight compared to normal-weight young prepregnant females may
suggest dependencies of fT3 and TG in the regulation of specific BMI-dependent metabolic processes.

Understanding the mechanisms which underlie the associations between changes in the components of the
total serum thyroid hormone concentrations and their long-term impact on body composition may offer useful
screening tools to identify health problems in apparently healthy individuals"?. Due to their biological properties,
the effects of the thyroid hormones are both anabolic and catabolic. The thyroid hormones are involved in the
regulation of thermogenesis as well as glucose and lipid metabolism and for that reason studied to explain the
etiology of obesity and underweight’. Conversely, epidemiological and clinical studies frequently utilize anthro-
pometric indices to differentiate and diagnose overt and subclinical thyroid function disorders. Identifying and
explaining the associations between the anthropometric measurements and the thyroid hormones in apparently
euthyroid young females could provide an easily available screening tool to facilitate early detection of a variety
of metabolic disorders as well as identify the risks for development of cardiovascular disorders, chronic disease,
depression and reproductive hormone disorders* .

Young women in the prepregnancy period are at especially high risk for thyroid disorders which may lead to
further aggravation of pre-existing chronic thyroid disease, and complications during pregnancy in the future'.

Commonly used anthropometric measurements such as weight, height, waist and hip circumferences and
two indicators of body fatness, body mass index (BMI), a measure of weight adjusted for height and waist-to-
hip ratio (WHR) are easy to obtain and give a picture of an individual’s health, but when combined with thyroid
function parameters may signal the risk of long-term impact of thyroid dysfunction leading to complex health
problems!*-18,
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Dyslipidemia significantly and independently associated with thyroid dysfunction is also a common feature
in euthyroid populations. Hypertriglyceridemia is next to BMI a common feature in obesity indicating the accu-
mulation of triglycerides in different tissues and associated with ectopic fat obesity. Serum levels of triglycerides
can be increased in hypothyroidism and the reverse is observed in hyperthyroidism indicating the potential
effect of triglyceride regulation by impaired thyroid function!®!*-2,

The aim of the study was to explore the possible associations between serum concentrations of the thyroid
hormones, i.e. thyroid stimulating hormone (TSH), free thyroxine (fT4), free triiodothyronine (fT3), and fT3/
fT4 ratio, selected anthropometric indices (BMI, WHR, FAT%) and serum triglycerides (TG) in young appar-
ently healthy prepregnant women.

Material and methods

Subjects. The subjects were 381 healthy unrelated female students aged 18 to 26 years (mean
age+SD =22.1+1.3), participating in the “Cholesterol Alert” program at the Medical University of Warsaw from
March 2013 to July 2014.

Medical history, including a medication history, was obtained by the examining physicians to exclude cardio-
vascular disorders, inflammation, diabetes mellitus, malignancy, autoimmune disease, thyroid disease, thyroid
supplementation or antithyroid treatment, hypolipidemic treatment (e.g. statins), and pregnancy. All participants
underwent routine medical examination, had anthropometric measurements and provided overnight fasting
blood samples.

Anthropometric measurements. Body weight was measured in subjects wearing light clothing and with-
out shoes and recorded to the nearest 0.1 kg.

Height was measured using a stadiometer in subjects without shoes and recorded to the nearest 1.0 cm.

Body Mass Index (BMI) [kg/m?] was calculated by dividing weight (kg) by the square of height (m?). Subjects
were classified by the BMI in accordance with the WHO guidelines® as follows: Underweight—BMI less than 18.5
(n=59/381; 15.5%), Normal weight—BMI 18.5 to 24.9 (285/381, 74.8%), Overweight—BMI 25 to 29.9 (28/381,
7.3%), Obesity class I—BMI 30.0 to 34.9 (n=8), Obesity class II—BMI 35.0 t0 9.9 (n=1).

Waist circumference was measured in the horizontal plane at the midpoint between the lowest ribs and the
iliac crest, to the nearest 1 cm.

Hip circumference was measured around the widest portion of the buttocks, to the nearest 1 cm.

Waist-to-hip ratio (WHR) is the ratio of the circumference of the waist [cm] to that of the hips [cm].

Percentage of body fat (FAT %) was measured with the Tanita BC 420MA analyzer (Tanita Corporation,
Tokyo, Japan).

Laboratory methods. Serum TSH, fT3 and fT4 were measured using electrochemiluminescence immu-
noassays (Roche Diagnostics, Mannheim, Germany) The normal reference ranges: TSH 0.4-4.0 mU/L; fT4
9.0-25.0 pmol/L; fT3 3.5-7.8 pmol/L.

Serum triglycerides (TG) were measured using a commercially available test on the ADVIA Centaur XP
System (Siemens Healthcare Diagnostics).

Material. Blood samples were collected after overnight fast of at least eight hours. In total, 381 blood samples
were drawn by venipuncture into test tubes which did not contain an anticoagulant and allowed to clot at room
temperature. After centrifugation at 3000g for 10 min at 4 °C the serum was extracted immediately and stored at
- 80 °C until assayed. On the day of the measurements serum samples were thawed at room temperature using
gentle vortexing.

Statistical analysis. In order to examine the relationship between thyroid parameters, anthropometric
indices and serum TG concentrations, statistical analysis softwares such as JAMOVI and IBM SPSS Statistics 25
were used.

Descriptive statistics in two groups were isolated in regard to the level of TSH, whereas the value of 2.5 mU/L
was considered as threshold between high (>2.5 mU/L) and low (< 2.5 mU/L) concentration of TSH. The nor-
mality of dependent variables in subgroups was estimated with the use of skewness, kurtosis and Kolmogo-
row-Smirnow normality test.

Subsequently, to analyze the differences in dependent variables between two TSH concentration groups and
taking into consideration the values of BMI, parametric MANCOVA (Multivariate Analysis of Variance) was used.
Before the proper analysis, the Mahalanobis distance was calculated, in order to detect multivariate outliers. As
cutoff point, the value of 2 standard deviations from the mean was used.

As the group sizes (n, =232, n,=143 for low and high concentration of TSH respectively) were big enough,
according to the central limit theorem, the assumption of normality of means” sampling distribution in MAN-
COVA was fully fullfilled. The homogeneity of variances was checked multivariably with Box’s test of equality
of covariances matrices and univariably with Levene’s test of equality of error variances. The result of Box’s test
was statistically significant (F=1.84; df,=36; df,=309,321.12; p=0.002), however only one of Levene’s tests
appeared to be statistcally significant (variable TG: F=5.86; df,; =1; df,=373; p=0.016). Taking into account
the high power of Box’s test, it was considered, that the assumption was not considerably violated. However,
to counteract the potentially adverse effects of light violation, the Pillai’s trace robust test statistics was used in
multivariate MANCOVA. As the effect size coefficient, partial 7> was used. After omnibus MANCOVA, simple
univariate between-subject effects tests were conducted. The global significance level a was set to 0.05.
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Effect v F df; df, P Partial 1>
BMI 0.75 139.55 8 365 <0.001 0.75
TSH 0.12 6.01 8 365 <0.001 0.12

Table 1. The results of Pillai’s trace omnibus MANCOVA tests for two main effects: one factor (TSH) and one
covariate (BMI). V Pillai’s trace test statistics.

Dependent Variable TSH<2.5 |TSH>25 |MS F P Partial 1>
T4 [pmol/l] 16.57+£2.32 | 16.82+2.64 5.29 0.88 0.348 | 0.00
T3 [pmol/l] 4.80+0.69 5.15+0.65 11.27 | 25.03 <0.001 | 0.06
fT3/fT4 0.29+0.04 0.31+0.4 0.03 | 15.65 <0.001 | 0.04
Waist circumference [cm] 72.55+7.33 | 72.02+6.23 8.03 0.43 0.515 | 0.00
Hip circumference [cm] 95.62+6.68 | 96.12+6.68 50.64 2.65 0.105 | 0.01
WHR 0.76+0.05 0.75+0.05 0.01 2.86 0.091 | 0.01
FAT [%] 22.46+6.15 |22.59%6.58 10.92 0.86 0.355 | 0.00
TG [mmol/1] 0.78+0.35 0.89+0.414 | 104.46 8.97 0.003 | 0.02

Table 2. The results of single between-subject effects tests for TSH factor. WHR waist hips ratio, data in TSH
columns were presented as mean + standard deviation.

To examine the dependencies of BMI on thyroid parameters, anthropometric indices and serum TG con-
centrations, the subjects were classified by BMI as underweight, normal weight and overweight. Serum thyroid
hormones (TSH, fT3, fT4, fT3/fT4), anthropometric parameters (BMI, waist circumference, hip circumference,
WHR, FAT%) and TG serum concentrations were adjusted for BMI and TSH and compared using ANOVA.
Data are presented within each group as mean * standard deviation (SD), median, range, coefficient of variation
using the STATISTICA version 13.3 software http://www.statsoft.com, with the assumed statistical significance
threshold of p<0.05. For the study of the relationship between BMI and selected parameters, one-way ANOVA
was used with post-hoc Games-Howell and Tukey tests.

Ethical approval. The study protocol was reviewed and approved by The Bioethics Committee of the Medi-
cal University of Warsaw, Number KB/258/2012, December 11th 2012. All methods were performed in accord-
ance with the relevant guidelines and regulations.

Consent to participate. All participants signed an informed consent form after receiving an explanation
of study’s objectives and methodology.

Results

Table 1 assesses the differences in dependent variables between the two groups of TSH concentrations, taking into
account BMI values, in relation to high TSH levels (>2.5 mU/L) and low TSH levels (< 2.5 mU/L). The analysis
was carried out with the MANCOVA Omnibus parametric test for each effect.

Both effects were statistically significant and the effect size coefficient was big for BMI and moderate for
TSH groups.

Table 2 shows univariate comparisons between the two groups of TSH (TSH <2.5 mU/L compared
to>2.5mU/L).

A significant increase in fT3, fT3/fT4 and TG in the TSH range >2.5 mU/L was demonstrated. There were
no significant differences (p >0.05) in waist circumference, hip circumference, WHR and FAT [%] between the
two TSH groups. The effect size coeflicients indicated moderate and two small effects.

For BMI six out of eight univariate tests appeared to be statistically significant (Table 3).

The relationship between BMI and waist circumference, hip circumference and percentage of fat respectively,
could be described as strongly positive. For remaining three parameters (fT3/fT4, WHR and TG) it is weak and
also positive. It means, that higher values of BMI are connected with higher values of these parameters.

The serum concentrations of the thyroid hormones (TSH, T4, fT3, fT3/fT4), anthropometric parameters
(waist circumference, hip circumference, WHR, FAT[%]) and serum TG concentrations, were stratified by BMI
[kg/m?] range into underweight, normal weight and overweight groups in the study population of 381 young
healthy women (Table 4). Subsequently, in each BMI-related group associations were explored between the
thyroid hormones, anthropometric measurements, and serum TG concentrations.

In overweight subjects (BMI >25) serum fT3, fT3/fT4 ratio and TG levels were higher than in underweight
and normal-weight subjects (p <0.05). There were no significant differences in these parameters between under-
weight and normal-weight subjects (p>0.05). TSH concentrations did not significantly differ between the three
groups. The anthropometric measurements (waist and hip circumferences, WHR, FAT%) consistently increased
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Dependent variable B Pearson’sr | MS F P Partial 7*
fT4 [pmol/L] -0.05| -0.04 6.43 1.07 0.301 | 0.00
T3 [pmol/L] 0.02 0.13* 1.64 3.64 0.057 | 0.01
fT3/fT4 0.00 0.16** 0.02 8.51 0.004 | 0.02
Waist circumference [cm] 1.93 0.78*** 10,905.80 | 577.67 <0.001 | 0.61
Hip circumference [cm] 1.80 0.74%%* 9526.60 | 497.97 <0.001 | 0.57
WHR 0.01 0.294** 0.09 40.86 <0.001 | 0.10
FAT [%] 1.86 0.82%** 10,146.63 | 795.67 <0.001 | 0.68
TG [mmol/dL] 2.34 0.20%** 180.62 15.51 <0.001 | 0.04

Table 3. The results of single between-subject effects tests for BMI covariate. WHR waist hips ratio, *p <0.05,
“p<0.01, **p<0.001.

BMI ranges [kg/m?]

Parametrs Underweight Normal weight Overweight*

Mean + SD; median (range), CV | BMI<18.5 BMI=18.5-24.9 BMI > 25 ANOVA p-value

n 59 285 37
2254097 2.15 259142815 2.17 258+ 1.14; 2.15

TSH [mU/L] (0.44-4.63),4321 | (0.29-40.40), 108.15 | (0.76-5.58), 44.16 0.614
1689°£2.52;17.00 | 16.72°£2.62, 16.60 | 16.11°+2.09% 16.10

FT4 [pmol/L] (10.50-22.50), 14.94 | (8.78-31.80), 15.68 | (10.60-20.70), 12.98 0.324
4.87°+0.70; 4.80 4.91°+0.68; 4.94 5.23+0.76; 5.11

FT3 [pmol/L] (2.82-6.54), 14.34 | (2.88-7.88), 13.84 | (3.52-7.07), 14.61 0.025
0.29+0.04; 0.29 0.29+0.04; 0.29 0.33+0.04; 0.32

fT3/fT4 (020-038), 15.39 | (0.16-0.48), 1459 | (0.25-0.42), 13.63 <0.001

o 65.9+4.0; 6.0 72.2£52;72.0 85.4+10.6; 84.0
Waist cicumference [cm] (57.0-77.0), 6.1 (61.0-88.0), 7.2 (71.0-128.0), 12.4 <0.001
Hip circumference [cm] 89.3+4.2;89.0 95.7+5.7; 96.0 107.3£8.6; 106.0 0001
p (75.0-99.5), 4.8 (62.0-109.0), 6.0 (95.0-145.0), 8.0 :

0.74+0.05; 0.74 0.76+0.06; 0.75 0.79+0.05; 0.78

WHR (0.65-0.83), 6.13 (0.65-1.27), 7.4 (0.71-0.89), 6.04 <0.001
14.643.7; 145 22.9+4.5;22.8 33.1£6.0;32.6

. ; ; :

EAT% (5.8-22.1), 25.3 (9.1-34.1), 19.7 (19.3250.5), 18.0 <0.001
0.76'+0.25; 0.75 0.81°+0.36; 0.71 1.05+0.55; 0.93

TG [mmol/L] (0.38-1.60), 32.8 (0.27-2.42), 44.1 (0.35-3.04, 52.1 0.015

Table 4. Characteristics of the study population. Group means with the same letter indices do not differ
significantly from each other, p <0.050, Tukey HSD post-hoc for equal variances and Games-Howell test for
unequal variances. Median values are in bold, CV in italic style. “Overweight refers to both and overweight
subjects + obesity class I+ obesity class II (n=28+n=8+n=1) CV=coeflicient of variation.

with each BMI range. For consecutive BMI ranges differences (p <0.05) were found in the associations between
the serum TG concentrations and the thyroid hormones and anthropometric measurements. In underweight
subjects a negative correlation was established between TG vs fT4 and TG vs fT3 (r= - 0.306, — 0.258, respec-
tively), in normal-weight subjects a positive correlation was established between TG vs TSH, TG vs fT3, TG vs
fT3/fT4, TG vs FAT%, (r=0.181, 0.139, 0.138, 0.117, respectively), while in the overweight range there was no
association between these parameters.

The differences between the correlations of fT3 and TG concentrations within the BMI ranges (underweight,
normal and overweight) are presented on the graph in Fig. 1.

The differences in the thyroid and anthropometric parameters and serum TG measured in underweight,
normal-weight and overweight subjects within the Normal vs High TSH groups (TSH ranges 0.4 to 2.5 mU/L
vs>2.5 mU/L) are presented on the graph in Fig. 2.

An increase in the fT3/fT4 ratios (p <0.05) found in the underweight vs overweight subjects and the normal-
weight vs overweight subjects occurred within the normal TSH range (0.4 to 2.5 mU/L). An increase in anthropo-
metric parameters found in the underweight vs normal weight vs obese subjects was observed within both normal
and high TSH ranges. No association was established between the TSH range and serum TG concentrations in
underweight, normal-weight and overweight subjects.
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Figure 1. Changing correlations between fT3 and TG serum concentrations in healthy young underweight,
normal-weight and overweight women.

Discussion

The above results showed characteristic differences in the interrelations of serum fT3 vs TG between young
healthy women who were underweight, normal body weight, and overweight. The search for such links is a con-
sistent response to the demand of clinicians who see the diagnostic potential to explain the relationship between
somatic parameters and health status as an important public health problem!*8%2,

Young apparently healthy women in the prepregnancy period of their lifecycle are a population at risk of
early thyroid dysfunction and abnormal anthropometric measurements with long-term adverse health effects
such as an increased incidence of metabolic disorders, cardiovascular disorders, chronic diseases, depression,
and age-specific reproductive hormone disorders with a range of pre-pregnancy complications!'*1¢24-27 The
symptoms of altered thyroid function are often non-specific, may differ widely and be difficult to identify. While
thyroid dysfunction may occur in asymptomatic patients, the altered concentrations of the thyroid hormones can
adversely affect virtually every organ system of the body?®. Both underweight and overweight can have adverse
effects on female reproductive health, including an increased risk for menstrual dysfunction, anovulatory infertil-
ity and other reproductive disorders**. Maternal underweight in early pregnancy may lead to suppressed fetal
development, resulting in decreased birthweight and according to the “fetal origins of adult diseases” hypothesis
is associated with a greater risk for the later development of ischemic heart disease and chronic diseases in the
offspring®”**3!. Maternal overweight and obesity are risk factors for gestational diabetes and hypertensive dis-
orders of pregnancy and are linked to an increased risk of macrosomia?’.

The thyroid hormone concentrations, anthropometric indices and serum TG were compared between under-
weight, normal-weight and overweight subjects to explore interaction involved in the regulation of the thyroid
hormones and somatic parameters in a selected population of young apparently healthy women. As reported
in the literature'!, the values of serum T3, fT3/fT4 and TG were higher in overweight subjects compared to
normal-weight women, but unlike other authors we did not observe changes in the serum concentrations of TSH
and fT4 with increasing BMI. That could result from a small number of obese subjects (BMI >29.9) included in
the study. Despite significant differences in the anthropometric indices, there were no differences in the serum
concentration of the thyroid hormones and TG between underweight and normal weight subjects.

The presented results join the important discussion for clinical decisions whether altered serum concentra-
tions of thyroid hormones are a direct result of thyroid disease or whether they can be secondary to altered body
weight*#11:2% The presented results do not show significant differences between TSH and fT4 concentrations
in subsequent BMI ranges.

In the study, serum TSH measurements were used as the most common, specific and sensitive laboratory
marker of primary thyroid disease. As seen in the literature, reference TSH ranges remain controversial and
there is no undisputed universal reference range for women with normal thyroid function, taking into consid-
eration that the ‘normal’ TSH level may depend on a person’s age, ethnicity, iodine intake, time of day when a
blood sample is collected or the type of TSH assay. The high susceptibility of the body’s biological functions to the
influence of thyroid hormones may suggest that even small fluctuations in the concentrations of these hormones
can cause clinical symptoms that are difficult to interpret.

Clinicians emphasize the need to determine the ‘true normal’ TSH range in healthy young women to aid in
the early detection of minimally altered thyroid function outside normal ranges, which is considered a risk factor
contributing to the worsening of metabolic complications and development of disease in the thyroid>*&1%11:3133,
The commonly accepted typical reference range for TSH concentrations is between 0.2-0.4 and 4.0-4.5 mU/L, but
increasingly more authors are in support of the lower cut off value of 2.5 mU/L of upper normal limit of TSH to
identify thyroid dysfunction'*2. Given that the initial criteria qualified the young women to the healthy group,
the question arises which of the presented cut-off values may be more effective for diagnosing latent thyroid
diseases and their biological effects in this age group. According to the opinion of some authors, the TSH cut-off
value of >4.0 mU/L is sufficient for the selection of impaired thyroid function and is commonly used in clinical
routine®’. On the other hand, an increase in TSH> 2.5 mU/L allows for a more sensitive distinction of young
women during the pregnancy planning period, with an indication of an increase in the risk of health disorders in
later life and during pregnancy>®°. Normal TSH (< 2.5 mU/1) was in 62% of subjects and high TSH (>2.5 mU/L)
in 38%. The pathomechanism of selecting such a large number of young women based on TSH > 2.5 mU/L values
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Figure 2. Effects of TSH>2.5 mU/L on serum concentrations of thyroid hormones (fT4, T3, fT3/fT4),
anthropometric parameters (waist circumference, hip circumference, WHR, FAT%) and serum triglyceride
concentrations.

is unclear. It seems that a further diagnostic strategy of these women requires the choice of additional laboratory
and clinical parameters.

Despite numerous experimental studies and clinical observations, the mechanism of long-term impact of BMI
changes on thyroid dysfunction remains unclear®®!"?>. The absence of significant differences in TSH concen-
trations in subsequent BMI ranges in healthy young women does not support the common opinion of a direct
association between hypothyroidism and obesity or between hyperthyroidism and weight loss®. However, the
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results can demonstrate local involvement of fT3 and fT3/fT4 ratio in the regulation of body weight and confirm
another opinion that changes in the serum concentrations of these hormones may be a consequence rather than
the cause of changes in the body weight!®*. Free triodothyronine (fT3) is the active form, converted from free
thyroxine (fT4) in peripheral tissues, and the degree of conversion is reflected in the fT3/fT4 ratio. Local control
of thyroid hormones by different deiodinases in the context of the tissue-specific impact on energy metabolism
and the metabolic functions remains to be further elucidated'>"’.

Considering that thyroid hormones are involved in multiple physiological processes and regulate basal meta-
bolic rate, generate heat, stimulate gluconeogenesis and both lipolysis and lipogenesis, their activities may be
reflected not just in their blood levels, but also in biological effects. Understanding of the causal relationship
between thyroid hormone concentrations and various metabolic indices can be of crucial importance for a
range of diagnostic and therapeutic decisions. As reported in the literature, potential mechanisms underlying
the effect of changes in thyroid hormones on lipid metabolism, including TG as the most common type of fat
in the body have been demonstrated in experimental animal studies, advances in molecular biology and clini-
cal studies®>'!. The associations between serum concentrations of fT3 and TG demonstrate the differences
between, underweight, normal-weight and overweight young females. Lack of an evident association between the
serum concentrations of fT3 and TG in overweight subjects remains unexplained although several mechanisms
have been proposed to account for changes in thyroid hormone concentrations in obesity, including adaptive
thermogenesis to increase energy expenditure, hyperleptinemia, altered peripheral deiodinase activity, thyroid
hormone resistance, chronic low-grade inflammation and insulin resistance”!"'”. The characteristic associations
between TG and fT3, negative in underweight young women and positive in normal weight women, may suggest
different active involvement of fT3 and TG in the regulation of specific BMI-dependent metabolic processes.
Further studies are needed to explore the causal relationship between T3 and TG in young underweight women
and its biological effects on health, both short- and long-term, the latter to help the body prepare itself for preg-
nancy and avoid adverse outcomes in the prepregnancy period.

To conclude, in healthy young women BMI does not depend on altered thyroid function. BMI changes can
be induced by the local fT’3 activities and the fT3/fT4 ratio which are involved in the regulation of specific meta-
bolic processes. The observation that the associations between fT'3 and TG in underweight vs normal-weight
young prepregnant females move in the opposite directions may suggest active involvement of fT'3 and TG in
the regulation of specific BMI-dependent metabolic processes.

Data availability
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