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Summary

Although the relationships between thyroid functiand anthropometric parameters were
studied in patients with thyroid disorders and iorbadly obese subjects, such data in normal
healthy population are scarce. In our study, refesfips between factors of body
composition, fat distribution and age with hormorssthe pituitary-thyroid axis were
evaluated in a large, randomly selected sampleoohal adult Czech population comprising
of 1012 men and 1625 women. Our results exhibitedky but significant relationships
between body composition, body fat distribution #mel parameters of pituitary-thyroid axis.
Some of these associations were gender-specifishds/n by backward stepwise regression
model, body fat distribution evaluated by centyaiitdex (subscapular/triceps skinfold ratio)
was negatively associated with free triiodothyrenffir3) serum levels only in women, while
a positive correlation of fT3 with BMI was specifior men. BMI was inversely related to
free thyroxine (fT4) concentrations in women but momen. The centrality index (CI) was
positively related to TSH levels in both genderbe TT3/fT4 ratio, reflecting deiodinase
activity, was inversely related to age and podyivelated to BMI in both genders, while the

highly significant negative correlation betweena@t fT3/fT4 ratio was specific for women.
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Introduction

Although the relationships between thyroid functemd anthropometric parameters
were studied in patients with thyroid disorders anchorbidly obese subjects before and after
weight reduction (Kozlowska and Rosolowska-Husz0842, data on these associations in
random population samples is rather scarce. Uoiv only a few epidemiological studies
evaluating the association between levels of thyrbbrmones and TSH with body
composition, and/or body fat distribution were marout. It has been shown that BMI is
positively associated with serum TSH levels (Knudgeal. 2005, Nyrnest al. 2006), and
negatively related to fT4 levels, whereas it hasnbeevealed that there is no association
between BMI and fT3 (Knudsest al. 2005).

The prevalence of apparent hypothyroidism (11,8 &d subclinical hypothyroidism
(7,7 %) in morbidly obese subjects is high - 19.@%chalaki et al. 2006). Compared to
normal weight subjects, morbidly obese have higkgels of total triiodothyronine, free
triiodothyronine (fT3), total thyroxine, and thyropic hormone (TSH), probably due to the
reset of their central thyrostat at higher levelidihalaki et al. 2006). Kozlowska and
Rosolowska-Huszcz (2004) studied the effect ofvaeék weight regiment (20% decreasing
energy intake) on antropometric and hormonal patarsén obese woman. In response to the
negative energy balance, the T4 to TSH ratio irsdawhereas the fT4, T4, and fT4 to TSH
ratio did not change. Therefore TSH serum conceairand its ratio to total thyroxine and
free thyroxine (fT4) before weight reduction colld a good predictor of successful weight
loss (Kozlowska and Rosolowska-Huszcz 2004). Orother hand, Manjt al. (2006) found
no difference in serum TSH and free T4 betweenyeaith lean and obese subjects. Another
study revealed significant association of weigharge with fT3, but not with fT4 in
euthyroid adult subjects; weight gain over a 4-ygeniod was associated with low serum T3
concentrations (Orteget al. 2007). As suggested by Chomaatdal. (1985), a decrease in

serum total and fT3 concentrations is dependemubrient intake. It was obvious that thyroid



dysfunction affects body weight; however, possiatsociation of minor perturbations in

thyroid function with changes in anthropometric swgas needed be elucidated. Therefore,
we attempted to evaluate the relationships betvaetimropometric characteristics and serum
concentrations of the pituitary-thyroid axis hormasnn a randomly selected sample of the

Czech population.

M ethods

ubjects

A sample of 1012 men and 1625 women (18-65 yeaag®)f, randomly selected from
the Central registry of Czech Republic, was ingegéad in 15 areas. Levels of TSH, fT4 and
fT3 in fasting serum samples were determined. Aapbmetric characteristics including age,
body weight, body height, body mass index (BMI)prailiac skinfold (SIL), abdominal
skinfold (ABD), subscapular skinfold (SSC), tricepkinfold (TRI), percent of body fat
(Fat%), lean body mass (LBM), waist circumferendéaist), hip circumference (Hip), neck
circumference (Neck), waist to hip ratio (WHR), saépular skinfold/triceps skinfold ratio
(centrality index, Cl) were measured accordingh® WHO recommendations (WHO Expert
Committee 1995). BMI was calculated as the ratibady weight (kg) to body height @n
Centrality index was expressed as the subscapkiafokl to triceps skinfold ratio. Body
composition was calculated from 4 skinfolds as regub elsewhere (Blahat al. 2007,

Paizkova 1977, Saller 1957).

Analytical methods

TSH was measured using commercially available nmpe&titive immunoassay
(normal range 0.17-4.2 mlIU/l). The intra- and irassay coefficient of variation (CV) of the
method was 2.1% and 3.3%. Both fT3 and fT4 were sune@l using competitive

immunoassay. Normal range was 2.5 — 9.3 pmol/l)(fdi311.8 — 24.6 pmol/l (fT4), intra-



assay coefficient of variation were 2.5 % (fT3) @8% (fT4), inter-assay coefficients of

variation were 4.7% (fT3), and 6.6 % (fT4).

Satistical data analysis

At first, the relationships between anthropometgharacteristics and thyroid
hormones were evaluated by age-adjusted Spearmeorselations. To check the
homogeneity of the multivariate data set, the FRrithsted Mahalanobis distance was
computed. The experimental points for which the Bahobis distance reached significance
(p<0.001) were excluded from the correlation analgs multivariate outliers.

Secondly, regression models were built which inetbdne of the thyroid parameters
as the dependent variable and four explanatornabkas. As a general rule for constructing
regression models the explanatory variables shbaldndependent of each other to avoid
problems with multicollinearity and to allow fomsple interpretation of the results. Our main
effort centered around the goal of finding a minmmuumber of explanatory variables
describing all key features of the system undeestigation. Thus the model consisted of the
parameters of age, body composition, body fat idigion and body growth. In addition to
age and height (as the parameters of body growtie),model included BMI as a body-
composition indicator and CI as an indicator of yodat distribution. It is more common to
express the indicator of body fat distribution baist circumference. However, in contrast to
Cl, which exhibits low correlations with markers lmbdy composition, waist circumference
shared more than 50% of variability with the laitedices as was clearly demonstrated by the
respective Spearman’s correlation coefficients eduo® the value 0.7 (Table 3). It has been
clearly demonstrated that skinfold indices measufferent dimension of fat distribution
than circumference indices (Selblyal. 1990). There is also evidence of a genetic imitge

on subcutaneous fat distribution, but less eviddéacsuch an influence on the WHR (Selby



et al. 1990). WHR and centrality index do not measuresdi@e dimension of fat patterning
(Cardonet al. 1994).

Due to non-Gaussian data distribution in most ef thriables, the original data was
treated by a power transformation as describedwhlsee (Melounet al. 2000). The
maximum conformity of the variables used in regasswith Gaussian distribution was
chosen in order to find the optimum transformatmarameters. For this purpose, the two-
parameter linear regression between fractiles oftis&an distribution and fractiles of
transformed variable was used. The optimum transdtion parameter was reached at the
maximum correlation coefficient of the linear regg®n and at the minimum of the mean
standard error of prediction. The homogeneity efdiata and further assumptions for correct
regression analysis were checked using the regresiagnostics as described elsewhere
(Melounet al. 2004, Melouret al. 2002).

Statgraphics Plus v. 5.1 from Manugistics (RockyilMD, USA) and NCSS 2002

from Number Cruncher Statistical Systems (Kaysyll&, USA) were used for data analysis.

Results

Table 1 shows the summary statistics of the anthmmtric parameters and indices of
thyroid function in the sample of randomly selecéetliits of both genders. The age-adjusted
Spearman’s correlations showed weak but significaetations between several
anthropometric characteristics and thyroid paramdfEable 2). Due to the large complexity
of the anthropometric parameters, multiple regassinalysis (see data analysis) was more
informative than correlation analysis. The regm@ssnodel elucidated relationships between
thyroid parameters and the four independent vaghvhich characterized the key features of
age, body composition, fat distribution and growgrpvided that the three remaining
explanatory variables are constant. Table 3 shoges and height-adjusted Spearman’s

correlations among anthropometric parameters, whigre considered as independent



indicators of body composition and body fat digitibn in regression models. As shown on
Table 3, Fat%, waist circumference and BMI arergjly inter-correlated while the CI is
relatively independent of the aforementioned patamsendicating the different character of
this parameter.

As demonstrated in Table 4, fT3 in men is inverselgrelated with age but positively
with BMI. Alternatively, fT3 in women exhibits ingendence of all anthropometric
parameters except for a negative correlation witT@ble 5). fT4 negatively correlates with
BMI in women only. TSH negatively correlates witheain men (Table 4) but not in women
(Table 5). In both genders, positive correlatiobngen TSH and CIl was observed. Positive
correlation of BMI with TSH was shown in women oiflyables 4 and 5). The fT3/fT4 ratio,
which may reflect deiodinase activity, negativetyrelates with age but positively with BMI
in both genders (Tables 4 and 5). In addition, woraghibit negative correlations of the

fT3/fT4 ratio with CI (Table 5).

Discussion

The aim of our study was to evaluate relationstbpsveen pituitary-thyroid axis
hormones and anthropometric characteristics inpeesentative sample of the population of
Czech adults. Because of low correlations with témaining explanatory variables, the
selection of age, height, BMI (as parameter of bodsnposition) and CI (as parameter of
body fat distribution) appeared to be an optimummigimation of independent variables for
building a regression model (see Table 3). Excepttlie aforementioned correlations, the
remaining explanatory variables used in the modelralatively independent of each other,
which mean that they are suitable for buildingrgression model.

In contradiction to the report of Mangt al. (2006) and coworkers, our data
concerning a normal adult population showed a nundferelatively weak but highly

significant relationships between anthropometriarahteristics and pituitary-thyroid gland



function. lodine supplementation in this sample wasexamined. However, Knudsenal.
(2005) failed to find any significant associatiohiodine supplementation with BMI. It is
apparent that currently BMI is much more influendsdtotal energy and nutrient intake and
physical activity level and resulting energy bakartban by iodine intake per se, but only
under normal conditions.

Some of the relations between anthropometric irsdeed thyroid parameters were
gender specific. In men all thyroid indices (fT34f TSH, and fT3/fT4 ratio) negatively
correlated with age (Table 4). In women only the3/fT4 ratio exhibited a negative
relationship with age (Table 5). In men, fT3 pawty correlated with BMI but not with CI or
body height (Table 4), although in women fT3negativcorrelated with CI but not with other
parameters (Table 5). In both genders, TSH positieorrelated with Cl. TSH was
independent of BMI in men but correlated positivelyh BMI in women (Tables 4 and 5).
Knudsenet al. (2005) revealed positive correlation between T®dH BMI in both genders.
This positive association is caused by signals famipose tissue, which produces leptin,
playing an important role in the central regulatajrthyroid function via stimulation of TRH
(Knudsenet al. 2005). Zimmerman-Belsing et al. (2003) et al. fdyvositive correlation
between serum leptin and serum TSH. The increa3&h levels may reflect a higher need
for production of thyroid hormones with increasiBiyll. Some authors demonstrated that the
leptin-induced increase in TSH secretion via hyplaimic effects lead to an increase in serum
free T4 (Charet al. 2003, Weltet al. 2004). On the contrary, women examined in ourystud
exhibited a decrease in serum fT4 with increasiMj.B his is in agreement with the findings
of Knudsen et al. (2005), who demonstrated decdelse with the increase of BMI in both
genders. This situation gives support to the hyggththat alterations in thyroid function with
normal pituitary feedback regulation (high TSH dod fT4) is the primary event, while
alterations BMI via alterations in energy expendgitthe secondary event. The increase in

BMI and fat mass may then lead to an increaseptingeand a positive correlation between



TSH and serum leptin would be expected. The fT348ub, probably reflecting deiodinase
activity (Maiaet al. 2005), negatively correlated with age but posiyiveith BMI regardless

of gender (Tables 4 and 5). The latter finding v@ospeculation about a compensatory
mechanism counterbalancing either relative iodiekctency or lower production of TSH via
increase in deiodinase activity. In contrast to plositive correlation of fT3/fT4 ratio with
BMI which was independent of gender, the negatweetation of the fT3/fT4 ratio with ClI

was specific to women only (Table 5).

Conclusions

Our study demonstrated significant relationshipsvben body composition, body fat
distribution and parameters of the pituitary-thgraxis. Some of these relations were gender-
specific. We observed that the fT3/fT4 ratio wagensely related to age and positively related
to BMI in both genders. The fT3/fT4 ratio refledsiodinase activity which might be largely

influenced by energy and nutrient intake.
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Table 1. Anthropometric characteristics and thyroid parameters in a random, representative sample

of the Czech population

Variable Men Women
(n=1012) (n=1625)

mean SD median mean SD median
Age (years) 41.8 13.7 440 422 12.4 440
Body weight (kg) 82.2 138 816 69.6 142 67.2
Height (cm) 176 7 176 164 6 164
BMI (kg/m2) 265 4.3 26.2 26.2 5.0 25.6
Suprailiac skinfold (mm) 13.7 79 12.0 16.4 8.2 15.0
Abdominal skinfold (mm) 209 114 20.0 250 101 25.0
Subscapular skinfold (mm) 176 8.3 16.0 223 11.3 20.0
Triceps skinfold (mm) 177 1.7 18.0 215 8.8 20.0
Fat (%) 163 47 159 181 5.3 183
L ean body mass (%) 83.7 54 84.1 819 6.9 81.7
Waist (cm) 98 12 98 96 15 94
Hip (cm) 103 8 102 105 9 104
Neck circumference (cm) 421 6.0 41.0 364 29 36.0
WHR 0.96 0.09 0.96 0.93 0.09 0.92
Subscapular skinfold/tricepsskinfold  1.015 0.306 1.000 1.048 0.396 1.000
Freetriiodothyronine (pmol/l) 5.9 15 5.8 5.4 1.7 5.2
Free thyroxine (pmol/l) 16.2 2.8 16.1 156 29 15.3
TSH (mIU/l) 23 187 14 20 37 14
fT3/fT4 0.373 0.108 0.357 0.355 0.113 0.335

12



Table 2. Age-adjusted Spearman's correlations between anthropometric characteristics and thyroid

parameters in 986 adult men and 1586 adult women

Men Women
< <
= =
Weight 0.030 -0.023 0.046 0.044 -0.008-0.073 0.072 0.027
0.340 0469 0.146 0.163 0.761 0.004 0.004 0.280
Height -0.038 0.000 0.049 -0.044 -0.069 0.014 0.009 -0.073
0239 0997 0.124 0.165 0.006 0586 0.719 0.004
BMI 0.067 -0.016 0.011 0.073 0.021 -0.088 0.072 0.061
0.037 0614 0.725 0.022 0.399 0.000 0.004 0.015
SIL 0.022 -0.058 0.094 0.061 0.032 -0.146 0.050 0.103
0.497 0.068 0.003 0.055 0.200 0.000 0.047 0.000
ABD 0.012 -0.069 0.054 0.048 0.048 -0.124 -0.009 0.104
0712 0.031 0.091 0.129 0.055 0.000 0.726 0.000
SSC 0.020 -0.071 0.048 0.060 -0.045-0.080 0.063 0.002
0536 0.026 0.136 0.060 0.071 0001 0.012 0.928
TRI 0.049 -0.094 0.037 0.097 0.045 -0.104 0.013 0.095
0.122 0.003 0.241 0.002 0.070 0.000 0.618 0.000
Fat% 0.027 -0.078 0.061 0.071 0.020 -0.120 0.033 0.079
0.400 0.015 0.056 0.025 0.427 0.000 0.194 0.002
LBM % -0.012 0.063 -0.050-0.045 -0.036 0.116 0.003 -0.088
0.715 0.048 0.117 0.157 0.157 0.000 0.907 0.000
Waist 0.069 -0.033 0.047 0.086 0.109 -0.075 0.041 0.134
0.030 0.305 0.144 0.007 0.000 0.003 0.104 0.000
Hip 0.077 -0.014 0.022 0.075 0.011 -0.085 0.080 0.049
0015 0.654 0492 0.018 0.660 0.001 0.001 0.050
Neck 0.100 -0.003 0.011 0.093 0.053 -0.009 0.065 0.0-4
0.002 0918 0.732 0.003 0.033 0715 0.009 0.033
WHR 0.014 -0.047 0.083 0.051 0.169 -0.037-0.011 0.172
0.670 0.145 0.009 0.110 0.000 0.138 0.653 0.000
Cl -0.063 0.076 0.014 -0.095 -0.137 0.089 0.055 -0.169
0.050 0.018 0.651 0.003 0.000 0.000 0.027 0.000

SIL - suprailiac skinfold, ABD - abdominal skinfold, SSC - subscapular skinfold, TRI - triceps skinfold,
Fat% - per cent of body fat, LBM - lean body mass, Neck - neck circumference, WHR - waist to hip
ratio, CI - (Centrality index, SSC/TRI), fT3 - free triiodothyronine, fT4 - free thyroxine

(Significant correlations are in bold. The upper and lower parts of the cells represent correlation
coefficients and their statistical significances.)



Table 3. Age- and height- adjusted Spearman's correlations among Fat%, waist circumference, body
mass index and index of centralization (SSC/TRI ratio) in 1586 adult women and 985 adult men

Women
(upper right cells)
-
7} 0.751 0.801 0.057
X p=0.000 p=0.000 p=0.024
= 0.703 = 085  0.094
< p=0.000 7y p=0.000 p=0.000
o
T 5
=5
= 0.706 0.881 g 0.158
= p=0.000 p=0.000 = p=0.000

0.127 0.208 0.197
p=0.000  p=0.000  p=0.000

14.L/0SS

SSC - subscapular skinfold, TRI - triceps skinfold, Fat% - per cent of body fat, BMI - body mass index
(The upper and lower parts of the cells represent correlation coefficients and their statistical
significances. Relationships with correlation coefficients >0.2 are in bold.)
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Table 4. Relationships between thyroid parameters and anthropometric characteristics in 1012 men
as evaluated by multiple regression (for details see Statistical data analysis)

All variables Backward stepwise regression
Parameter Parameter
c o) 3 3
% 2 g8 = 29 5 2 9
85 g 5 82 o S 5 82 B g
as £z = B o - & = IR - <3
CONSTANT 2.78 0.26  10.9 0.000C 2.93 0.16 18.6 0.000C
Age -0.00488  0.00082 -5.940.0000 -0.00468  0.00079 -5.940.0000
-(BMI%3) 1.78 0.71 253 0.011F 1.65 0.71  2.33 0.0197
0.5
frs log(SSC/TRI  -0.0202  0.0347 -0.580.5603  -----  =moeo —eem oo
-(Height*?) -0.0896 0.1026 -0.870.3825 - ceem e e
R? = 3.56%, p<0.0001 R? = 3.45%, p<0.0001
CONSTANT 1.80 0.05 35.0 0.000C 1.87 0.01  304.9 0.000C
Age -0.000628 0.000166-3.78 0.0002 -0.000753 0.000139-5.41 0.0000
-(BMI®?) -0.297 0.143 -2.09 0.0370 - s e e
0.22
fra log(SSC/TRI  0.00986  0.00698 1.41 0.15 ) - =eeee coem oo
-(Height"?) -0.00247  0.02070 -0.120.9052  -=-m-  mmeem emeee e
R? = 3.41%, p<0.0001 R? =2.87%, p<0.0001
CONSTANT 1.11 0.05 225 0.000C 1.05 0.01  177.6 0.000C
Age -0.000314 0.000158-1.99 0.0466 -0.000354 0.000134-2.64 0.0083
-(BMI%?) 0.0624 0.1358 0.46 0.64f " - e e e
0.1
TSH log(SSC/TRI 0.0146 0.0067 2.19 0.02¢ 0.0139 0.0067 2.07 0.0382
-(Height"?) 0.0245 0.0197 124 0.21¢3 - eeeee e e
R? = 1.29%, p=0.0127 R? = 1.03%, p=0.0064
CONSTANT 0.938 0.021  43.7 0.000C 0.950 0.013 71.7 0.000C
Age -0.000246 0.000069-3.57 0.0004 -0.000236 0.000066-3.57 0.0004
-(BMI%3 0.199 0.059 3.36 0.000¢ 0.192 0.060 3.23 0.0012
(FT3/fT4)** ‘
log(SSC/TRI  -0.00266  0.00292 -0.910.3610 - ==ome —oem —eoee
-(Height"?) -0.00701  0.00862 -0.810.4160 === emeem emeee e

R? = 1.69%, p=0.0019

R? =1.54%, p=0.0004

SSC - subscapular skinfold, TRIC - triceps skinfold, fT3 - free triiodothyronine, fT4 - free thyroxine
R? - variability of dependent variable explained by the model

15



Table 5. Relationships between thyroid parameters and anthropometric characteristics in 1625
women as evaluated by multiple regression (for details see Statistical data analysis)

All variables Backward stepwiseregression
Parameter Parameter
c % 3 3
é% %% 5 B o 5 B o
c T b c T b
35 g = 5 §S ®w G 5 §S v | C
Qs £= = B o — o b= B o — <Y
CONSTANT 2.20 0.20 10.9 0.000C 2.30 0.01  304.5 0.000C
Age -0.00164  0.00072 -2.290.0220 - e e e
-(BMI%?) 0.720 0.451 1.60 0.1104 - e e e
0.5
frs log(SSC/TRI -0.159 0.027 -5.78 0.0000  -0.161 0.028 -5.72 0.0000
-(Height*?) -0.142 0.078 -1.82 0.0683 - e e e
R? = 2.53%, p<0.0001 R? = 2.00%, p<0.0001
CONSTANT 1.76 0.04  43.5 0.000C 1.78 0.02  113.1 0.000C
Age 0.000174 0.000144 1.21 0.2257 === eeeee e eeeen
-(BMI%3) -0.300 0.091 -3.31 0.0009  -0.238 0.079 -3.03 0.0024
0.22
fr4 log(SSC/TRI 00101  0.0055 1.83 0.0675 oo cooem e e
-(Height"?) 0.00302  0.01557 0.19 0.84( 3 == eeem emeem e
R? = 0.832%, p=0.0102 R?=0.578%, p=0.0024
CONSTANT 1.14 0.04  27.2 0.000C 1.08 0.02  65.5 0.000C
Age -0.000066 0.000148-0.45 0.6544 - eeee eeem oo
-(BMI%3) 0.274 0.094 2.93 0.0034 0.229 0.083 2.78 0.0055
0.1
TSH log(SSC/TRI 0.0161 0.0057 2.82 0.00:3 0.0162 0.0057 2.84 0.0046
-(Height"?) 0.0192 0.0160 1.20 0.2313 - emeee e e
R? =1.36%, p=0.0003 R? =0.769 %, p=0.0006
CONSTANT 0.904 0.017 53.6 0.000C 0.931 0.009 104.5 0.000C
Age -0.000172 0.000060-2.88 0.0039 -0.000143 0.000058-2.48 0.0132
-(BMI-0.5) 0.128 0.038 3.40 0.0007 0.137 0.038 3.64 0.0003
0.1
(FT3ATA™ \og(SSC/TRI -0.0126  0.0023 -5.510.0000  -0.0130  0.0023  -5.650.0000
-(Height"?) -0.0123 0.0065 -1.890.0588  -----  —meem e e

R? = 2.74%, p<0.0001

R? = 2.57%, p<0.0001

SSC - subscapular skinfold, TRIC - triceps skinfold, fT3 - free triiodothyronine, fT4 — free thyroxine
R? - variability of dependent variable explained by the model
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