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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Obesity is an expanding pathology in the world 

and in Tunisia. We conducted this study to assess the thyroid 
function in a population of obese women and to investigate 
the relationship of thyroid status parameters with clinical and 
metabolic parameters.

Methods: This was a cross-sectional retrospective study about 
50 obese women. We collected body mass index (BMI), waist 
circumference (WC), serum free thyroxin (FT4) and thyroid 
stimulating hormone (TSH) levels, fasting glycemia (FG), 
baseline insulinemia, lipid profile, liver function, and body 
composition, assessed by bioelectrical impedancemetry. We 
assessed insulin resistance and pancreatic activity by calculating 
the Homeostasic Model Assessment for Insulin Resistance 
(HOMA-IR) and the Homeostasic Model Assessment to 
quantify Beta-cell function (HOMA-B) respectively.

Results: The mean BMI and WC were 41,2±9,3 kg/m² and 
120±17,7 cm, respectively. The mean body fat percentage 
(BF) was 43,4±7,1%. The mean FT4 and TSH levels were 
16,6±4,7 pmol/L and 2,4±1 IU/L, respectively. Two patients 
had subclinical hypothyroidism. Glycoregulation abnormalities 
were noted in 54%. The mean insulinemia, HOMA-IR and 
HOMA-B were 23,4±14,8 mIU/L, 6,5±5,1 and 230,4±162,1 
respectively. Most patients had insulin resistance (96%). TSH 
was not correlated with cardiometabolic risk parameters nor 
with BF. FT4 was correlated with age (r=-0,3, p=0,017), FG 
(r=-0,29, p=0,019), insulinemia (r=-0,42, p=10-3), cholesterol 
(r=0,24, p=0,04) and high-density lipoprotein (r=0,24, p=0,002). 
It was not correlated with BF (r=-0,14, p=0,32).

Conclusion: In our population of obese women, FT4 seems 
to be more correlated than TSH with cardiometabolic risk 
parameters.

Key words. Obesity, thyroid, impedancemetry.
Introduction.

It is well established that body weight could vary in cases of 
dysthyroidism; Hypothyroidism is traditionally considered to be 
the cause of weight gain via, among other things, salt and water 
retention and reduced lipolysis [1].

The interaction between thyroid function and weight is 
currently a growing subject of study. According to certain 
authors, excess weight is associated with an increase in thyroid 
stimulating hormone (TSH), considered rather as a consequence 
of obesity [2-4].

However, several studies have been conducted to establish the 
link between TSH levels and weight. Most of them suggest that 

these levels tend to follow increasing weight [2,3].
However, the mechanism of this variation remains unclear. 

Some authors imply a counter-regulatory mechanism to counter 
the excessive inflation of adipose tissue. This mechanism 
involves the hypothalamic-pituitary unit and hormones, mainly 
leptin [1-4].

Thus, we proposed to carry out this study:
1. To evaluate thyroid function in a population of obese 

women.
2. To study the association between thyroid hormones 

assessment and clinico-metabolic parameters and body 
composition in the same population.
Materials and Methods.
Type of the study:

This is a cross-sectional descriptive study.
Population:

We included 50 obese patients aged between 18 and 65 
years, who have not received any dietary prescription, and who 
consented to participate in our study.

We did not include pregnant women, patients who have 
been treated or currently being treated with a medication that 
could interfere with thyroid function (Cordarone, lithium 
carbonate, etc.), and patients with a history of: dysthyroidism, 
insulin-requiring diabetes, radiotherapy of the cervical region, 
autoimmune diseases, kidney disease and chronic liver disease.
Study protocol:

We evaluated sociodemographic characteristics and 
personal pathological history. We measured weight and body 
composition (evaluated by bioelectric impedancemetry using 
a professional TANITA-type impedancemeter), height (m) 
(measured using a measuring rod graduated in centimeters, 
in a patient in standing position and at the end of inspiration, 
off her shoes, with relaxed shoulders, dangling arms, straight 
legs and together heels) and waist circumference (WC) (cm) 
(measured at the end of expiration using a tape measure placed 
halfway between the anterior superior iliac spine and the costal 
margin, parallel to the ground). We dosed FT4, TSH, fasting 
blood glucose (FBG), glycated hemoglobin (HbA1C), baseline 
insulinemia, triglycerides (TG), total cholesterol (CT) and high-
density lipoprotein cholesterol (HDL- c), and liver biological 
parameters (Aspartate aminotransferases (AST, Alanine 
aminotransferases (ALT) and gamma-glutamyltranspeptidase 
(GGT)). The biological parameters were taken from a blood 
sample after a 12-hour fast and analyzed at the laboratory of the 
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same institution.
We calculated the body mass index (BMI (Kg/m²)) by 

the formula: BMI=Weight/Height², and we estimated 
LDL-c by the Friedewald formula, if TG were less than 4.6 
mmol/L: (LDL-c (g/L)=[CT(mmol/L)-HDL-c(mmol/L)-
(TG(mmol/L)/2.2)]×0.387), and the triglyceride glucose 
index (TryG) by the formula: Index TryG=GAJ (mmol/L)×Tg 
(mmol/L).

We estimated insulin resistance by "The Homeostatic 
Model of Insulin Resistance Index" (HOMA-IR) (HOMA-
IR=Insulinemia (mIU/mL) × FBG (mmol/L)/22.5), and cell 
function pancreatic beta by the homeostatic model (HOMA-B): 
HOMA-B=20×[insulinemia (mIU/L)/(GAJ (mmol/L)-3.5)].
Definition:

Obesity was defined and classified according to the World 
Health Organization [5]. Insulin resistance was defined by a 
HOMA-IR index > 2.4 [6]. Abdominal obesity was defined 
by a waist circumference (WC) ≥80 cm according to the 2009 
International Diabetes Federation (IDF) standards, in the 
Mediterranean population [7]. Metabolic syndrome (MS) was 
defined by the presence of at least three criteria among those 
detailed by the International Diabetes Federation (IDF) in 2009 
[7]. Dysthyroidism was defined according to the American 
Thyroid Association (ATA). Diabetes, prediabetes and 
dyslipidemia were defined according to the recommendations 
of the American Diabetes Association [8,9].
Statistical analysis:

We analyzed the data using SPSS version 21.0 software. 
The data were log transformed to correct for non-Gaussian 
distribution, obtained by the Shapiro-Wilk test. We calculated 
simple frequencies for the quantitative variables. We calculated 
means, medians and standard deviations for the qualitative 
variables. The association between two variables was studied 
using the Spearman correlation test. The comparison of two 
means from independent series was made using the Student t 
test. The significance level was set at 0.05.
Ethics:

Ethical Principles for Medical Research Involving Human 
Participants of the Declaration of Helsinki were applied. All 
participants in our study gave informed consent. The study was 
carried out with strict respect for medical confidentiality and 
anonymity.
Results.

Ten percent of our population were active smokers. Class 
3 obesity was the most common (48%), followed by class 1 
(36%) and class 2 (16%). Diabetes was the main comorbidity 
associated with obesity 20% (n=10). It was type 2 in all patients, 
treated with metformin. Its average duration was 2.2±1.2 years. 
63% had prediabetes, 52% had MS, and 96% insulin resistance.

The clinical and biological characteristics were detailed in 
Table 1. The comorbidities and body composition characteristics 
of the population were detailed respectively in Tables 2 and 
3. The results of the study of the correlation between thyroid 
parameters and clinical and metabolic characteristics of the 
population were detailed in Table 4.

Discussion.
In our study we showed a low prevalence of dysthyroidism, 

represented only by subclinical hypothyroidism, diagnosed in 
two patients. Metabolically, we showed a high prevalence of 
class III obesity (48%), visceral obesity (100%), glycoregulation 
disorders (54%), insulin resistance (96%). and MS (52%). 

Variables:
Mean value 
±Standard 
deviation

Median Extremes

Age (years) 39,7±12,6 
[20;63] 39 [20;63]

Weight (Kg) 103,9±23,2 100,2 [70,3;153,3]
High (cm) 159±5,8 158 [149;171]
BMI (Kg/m²) 41,2±9,3 38,7 [30,3;60,1]
WC (cm) 120±17,7 122 [88;160]
FBG (mmol/L) 6±1,6 5,4 [4,2; 11,3]
Hba1c (%) 5,8±0,7 5,7 [4,9; 7,9]
Baseline insulinemia 
(pmol/L) 23,4±14,8 20,9 [6,4; 84,3]

HOMA-IR 6,5±5,1 4,8 [1,3; 24]
HOMA-B 230,4±162,1 185,6 [35,4; 803,1]
FT4 (pmol/L) 16,6±4,7 16 [7,12; 26]
TSH (uUI/mL) 2,4±1 2,67 [0,27; 4,35]
Cholesterol (mmol/L) 4,8±0,7 4,7 [3,2; 6,9]
TG (mmol/L) 1,3±0,3 1,2 [0,7; 2,4]
HDL-c (mmol/L) 1,1±0,2 1,1 [0,5; 1,6]
LDL-c (g/L) 1,1±0,3 1,1 [0,5; 2]
ASAT 24,7±10,3 23 [11; 67]
ALAT 22,3±10,4 19 [9;51]
GGT 24,6±9,5 22 [11; 54]
PAL 23,9±6,6 24 [20; 37]
Creatininemia 
(mmol/L) 53,7±10,8 51,1 [38,6; 97]

Table 1. Clinical and biological characteristics of the population.

Comorbidities Prevalence (%)
T2DM 20 
Hypertension 4 
Gonarthrose 6
Polycystic ovary syndrome 4 
Obstructive sleep apnea syndrome 2 
Fatty liver 2
Gastroduodenal ulcer 2
Asthma 2

Table 2. Comorbidities associated with obesity and their prevalence.

Body composition
Mean value 
± Standard 
deviation:

Median: Extremes:

Fat mass:
    In % of weight:
    In Kg:

43,4±7,1
47,3±16

44,1
45,3

[31,1; 58,1]
[22,4; 88,7]

Lean mass (Kg):
   Muscular mass (Kg):
   Bone mass (Kg):

56,1±7,7
53,3±7,5
2,9±0,4

45,6
51,9
2,9

[44,1; 72]
[41,9; 69,3]
[2,2; 3,8]

Table 3. Body composition characteristics of the population.
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HyperLDLemia was the most common lipid abnormality (92%), 
followed by hypercholesterolemia (32%), hypoHDLemia 
(12%) and hypertriglyceridemia (10%). Body composition was 
characterized by a percentage of fat mass (FM) exceeding 44% 
in half of the population.

We did not show a significant association between FT4 and 
TSH with BMI nor with WC nor with FM. TSH was positively 
correlated with lean mass (LM) (p=0.013) and muscular mass 
(MM) (p=0.019).

The correlates of FT4 were age (r=-0.3, p=0.017), baseline 
insulinemia (r=0.42, p=0.001), FBG (r=-0.019; p= 0.019), HDL 
(r=0.24; p=0.002) and CT (r=0.24; p=0.04). Those of TSH were 
LM (r=0.34; p=0.013) and MM (r=0.33; p=0.019).
Evaluation of thyroid function in the population:

In the Kitahara CM study, BMI and WC were significantly 
positively associated with FT3 and TSH but not with FT4 [10]. 
And in the study conducted by Santos Palacios S with more 
than 20,000 subjects, it was shown that the average TSH was 
significantly higher in cases of obesity (BMI < 30 kg/m2: 
2.16[0.72; 4.39]; BMI ≥ 30 kg/m2: 2.28 [0.71–4.47]; p< 0.01) 
[11].

Thus, our results were discordant with the literature. However, 
they should be interpreted with caution, given the small size of 
the sample studied and that the population studied included only 
women. 

Despite our results, the association between thyroid function 
and obesity no longer needs to be demonstrated. Indeed, 
physiopathologically, FT3, the active form of thyroid hormones, 
comes from thyroid follicle secretion, but essentially from the 
peripheral deiodination of FT4 via iodothyronine deiodase type 

1. The expression of this enzyme is stimulated in the white 
adipose tissue of obese subjects. However, expression of the 
thyroid hormone receptor, TR alpha 1, and the TSH receptor is 
reduced. In case of weight loss these receptor changes vary in 
the opposite direction. In light of these findings, the interactions 
between adipose inflation and thyroid function are clearer and 
are independent of obesity-related metabolic alterations [12].

In our population, the only dysthyroidism diagnosed was 
subclinical hypothyroidism. Its prevalence was 4% (n=2). 
However, this result should be interpreted with caution. This 
prevalence could be underestimated, given the small size of the 
sample studied, but it could also be overestimated; Indeed, the 
practice of a thyroid assessment is not systematic. Its realization 
follows clinical suspicion of dysthyroidism. 

Knudsen N et al showed in a population of more than 4000 
subjects that elevation of TSH, even minimal, is associated 
with obesity. This abnormality could disappear in the case of 
weight reduction [2]. Similarly, in another study conducted by 
Michalaki et al. among 144 obese patients, 76.4% (n=110) of 
whom were women, subclinical hypothyroidism was common 
in 7.7%. In light of these results, the authors of the study 
considered that obese people tend to have higher levels of TSH 
and linked this to an adaptation of their central thyrostat to a 
higher level [13]. 

The close interactions currently proposed between the 
thyrotropic axis and adipose tissue encourage us to look for 
possible clinical consequences of these interactions.

For this reason, we analysed the association between the 
parameters of the thyroid assessment and the clinical-metabolic 
phenotype of the patients.

In our study, the prevalence of MS was 52%. It is probably 
underestimated given that we have not evaluated the population 
blood pressure. In patients with MS, mean FT4 was lower and 
mean TSH was higher (FT4=17±3.5 pmol/L, TSH=2.6 IU/L) 
compared to patients without SM (19±4.2 pmol/L, TSH=2.1±1 
(IU/L)) without reaching the significance threshold.

Likewise, we showed that FT4 was negatively correlated with 
age (p=0.017), FBG (p=0.019) and baseline insulinemia (p=10-
3), and positively correlated with Cholesterol (p=0.04) and HDL 
(p=0.002), and that TSH was not significantly correlated with any 
metabolic parameter. Thus, FT4 appears to be more correlated than 
TSH with cardiometabolic risk parameters than TSH.

A similar result was shown in Marzullo P's study conducted 
on 952 obese euthyroid patients: FT4 was negatively associated 
with TG, baseline insulinemia and HOMA-IR, and positively 
associated with HDL-c. On the other hand, TSH was not 
associated with any cardiometabolic risk parameter [14].

Data from the study conducted by Annemieke Roos et al. on 
2703 adults with euthyroidism showed that FT4 was significantly 
inversely correlated with TC, LDL and TG, and significantly 
positively correlated with LDL. FT4 and TSH were associated 
with HOMA-IR (p<0.001 and p=0.024, respectively). These 
results led the authors to conclude that obese euthyroid subjects 
whose thyroid function is at the lower limit of normal present an 
increased cardiovascular risk [15].

Thus, most of our results are consistent with what has been 
reported in the literature, in terms of association between thyroid 
function and metabolic phenotype.

Clinical and biological 
parameters FT4 TSH

r p r p
Age -0,3 0,017 0,18 0,2
BMI -0,17 0,21 0,21 0,13
WC -0,07 0,63 0,2 0,14
FBG -0,29 0,019 0,007 0,96
HbA1C -0,15 0,28 -0,006 0,96
Cholesterol 0,24 0,04 0,09 0,52
TG -0,16 0,25 0,15 0,28
HDL 0,24 0,002 -0,18 0,19
LDL 0,05 0,7 0,11 0,43
Index TryG -0,23 0,09 0,13 0,34
Basal insulinemia -0,42 0,001 0,15 0,28
HOMA-IR -0,2 0,09 0,13 0,33
HOMA-B -0,07 0,63 0,07 0,61
ASAT -0,2 0,16 0,08 0,54
ALAT -0,28 0,05 0,16 0,25
GGT -0,19 0,17 0,01 0,9
Alkaline phosphatase 0,14 0,21 0,24 0,84
FM (%) -0,14 0,32 -0,09 0,53
LM (Kg) -0,17 0,22 0,34 0,013
MM (Kg) -0,18 0,18 0,33 0,019

Table 4. Study of the correlation between the parameters of the thyroid 
assessment and the clinical and metabolic characteristics of the 
population.
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However, some studies have shown different results. This 
is the case of the study carried out by G De Pergola with 
201 women, overweight or obese, where FT3 was positively 
associated with BMI and TT, FT4 was negatively associated 
with age and baseline insulinemia, and TSH were positively 
correlated with age and WC. The authors suggested, in the light 
of these results, the hypothesis of an upward adaptation of the 
thyrostat by adipose tissue, which rather constitutes a simple 
adaptive thermogenic phenomenon, and which is not associated 
with metabolic parameters [16]. 

Thus, no metabolic correlate of FT4 or TSH can be formally 
retained, given the divergence of results and the limitations of 
the studies. Most were carried out on unrepresentative, small 
or inhomogeneous samples including overweight patients or 
elderly subjects, which could bias the results.

Thus, we can suggest that FT4 reflects cardiometabolic risk 
better than TSH in obese subjects. TSH, being correlated with 
LM according to our study, its metabolic implication in obesity 
appears more complex; Indeed, we assume that its action does 
not only concern the LM but also the FM where it may act via 
the FT4.

Metformin is an oral antidiabetic drug widely prescribed in 
patients with type 2 diabetes mellitus (T2DM). It has recently 
been suggested that it may reduce TSH levels in euthyroid 
subjects. The mechanisms of this variation remain unknown, 
but could involve neutralization of central T3 effects, inhibition 
of hypothalamic AMPK and dopaminergic effects. A direct 
effect of metformin inhibiting pituitary TSH secretion is also 
plausible [17-19].

In our study, we found that the mean levels of FT4 and TSH 
were lower (FT4=17.2±2.1 pmol/L, TSH=2.1±1 IU/L) in obese 
patients with T2DM treated with metformin compared to those 
obese non-diabetics (FT4=18.1±4.2 pmol/L, TSH=2.4±1 IU/L) 
without reaching the significance threshold.

In other studies, the results have been different. This is the 
case of the study carried out by Paolo Martzullo on more than 
900 obese patients [14]. The mean FT4 level was significantly 
higher in patients taking metformin. The authors of this study 
linked this result to the heterogeneity of the subgroups studied; 
Indeed, patients treated with metformin had an older average 
age and were more obese and more insulin resistant than 
patients in the homologous group, with a higher prevalence of 
visceral obesity. And they considered that metformin would be 
a potential confounding factor that could reduce TSH levels 
[11,20].

Thus, results about the interaction between thyroid function 
and metformin remain discordant. In our study we were not 
able to separately study the association of metformin and that 
of diabetes with the variation in TSH given that all diabetic 
patients were treated with metformin.

Among the strong points of our study, we quote the homogeneity 
of our population where we only included obese-adult-women, 
the analysis of biological parameters within the same laboratory 
using the same biochemical method for each parameter, and 
the analysis of body composition by the same bioelectrical 
impedancemetry device and by the same observer, which 
allowed us to limit information bias. However, we criticize our 

study for the absence of a control group of non-obese patients, 
the small sample size, and the absence of measurement of FT3, 
leptin and antithyroid antibodies. However, their dosage is 
expensive and is not common practice.
Conclusion.

In light of our results and those of the literature, the relationship 
between obesity and thyroid function remains complex and 
controversial. The challenge for any healthcare professional is 
the correct interpretation of a thyroid assessment, taking into 
account the weight status of the patient, given that thyroid 
function could be the target of metabolic adaptations especially 
in the case of obesity.

FT4 in obese women appears to be more correlated than TSH 
with cardiometabolic risk parameters. These two parameters 
were not correlated with LM.

Larger-scale studies are essential to better characterize this 
association and identify the underlying mechanisms. Once 
a causal link is established, the definition of new euthyroid 
thresholds for obese subjects is indicated in order to avoid 
unjustified treatment for these patients.
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