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Abstract  

Background:  Thyroid hormones can influence energy  
metabolism. Many patients of obesity have subclinical hy-
pothyroidism and vice versa.  

Aim of Study:  To evaluate the relation of changes in the  
level adipocyte hormones in obesity and in relation to hy-
pothyroid state in early diagnosed patients with subclinical  
hypothyroidism.  

Material and Methods:  This work includes 90 females  
divided into 3 groups each 30 persons (Group I) normal  
control, (Group II) obese females and (Group III) obese  
females with early diagnosed subclinical hypothyroidism:  
BMI were measured and blood samples were collected from  
all subjects and subjected to determine fasting blood glucose,  
triglyceride, High Density Lipoprotein (HDL), Low Density  
Lipoprotein (LDH), TSH, FT4, FT3, insulin level and Inter-
leukin-6 (IL-6). Vaspin, lipocalin 2 and apelin were measured  
and HOMA IR (homeostatic model assessment) was calculated.  

Results:  In obese patients' body mass index, TSH, fasting  
blood glucose, fasting insulin, HOMA IR, Interleukin-6, total  
cholesterol, triglyceride, low-density lipoprotein and apelin,  

lipocalin 2, vaspin showed a significant increase with a further  
significant increase in obese with hypothyroidism compared  
to control group. A significant decrease in high density lipo-
protein in obese females with further significant decrease in  
obese with hypothyroidism, however, the level of FT3 and  
FT4 are insignificantly reduced in both obese and obese with  
hypothyroidism compared to control group.  

Conclusion: It is concluded that obesity released adipok-
ines and inflammation may be part of the axis that has a  
pathogenic role in the development and progression of hy-
pothyroidism in obese subjects. This open a new point of  
view that disruption of thyroid function may be one of sec-
ondary effect of obesity and that disruption of adipocyte  
secretion of vaspin, lipocalin 2 and apelin may be implicated  
in some of the metabolic changes associated with obesity and  
aggravated with hypothyroid state.  
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Introduction  

ADIPOSE  tissue acts as an endocrine organ and  
plays a great role in the pathogenesis of metabolic  

syndrome by the secreted adipocytokines [1] . Sub-
clinical hypothyroidism is a compensatory increase  
in Thyroid-Stimulating Hormone (TSH) levels to  
preserve normal thyroid hormone levels before  
they fall below normal and it is considered one of  
the risk factors causing metabolic syndrome, where  
Thyroid-Stimulating Hormone (TSH) receptors  
have been found in the adipose tissue and this  
indicates that it can perform a central role in the  
regulation of adipose tissue metabolism [2] . Chang-
es of thyroid hormones in patients with thyroid  
dysfunction have been previously shown to alter  
adipocytokines secretion [3] . Vaspin (visceral adi-
pose tissue-derived serpin) is one of this adipocy-
tokine family known as serine protease inhibitor,  
vaspin is an insulin-sensitizing adipocytokine.  
Controversial results are reported concerning the  
role of thyroid hormones in the regulation of vaspin,  
vaspin mRNA was found to be altered in hypothy-
roid and hyperthyroid rats [4] . Lipocalin 2 (Lcn2),  
also known as Neutrophil Gelatinase-Associated  
Lipocalin (NGAL), is a widely expressed protein  
that has been found to exert many different func-
tions. Lcn2 is involved in inflammation, energy  
metabolism, and tumor development and progres-
sion. It is also known to bind Matrix Metallopro-
teinase 9 (MMP-9), increasing its stability and its  
activity, which is important for neutrophil extrava-
sation [5] . Lipocalin-2 has been recently classified  
as an adipokine because it is produced and secreted  
by adipocytes [3] . It has been suggested that is has  
a role in the regulation of energy metabolism also,  
it is related to insulin resistance, obesity, athero-
sclerotic diseases and type 2 diabetes [6] . Any  
change in the thyroid function with alteration in  
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thyroid profile can affect the metabolic functions  

that finally disturb appetite, body weight, and  

adipose tissue and can also contribute in the patho-
genesis of obesity, this interrelation that observed  
among thyroid function and adipokines production  
may contribute to the metabolic consequences of  

thyroid diseases [7] . Therefore, the aim of this work  
is to investigate the alterations in the level adipocyte  

hormones vaspin, lipocalin 2 and apelin secondary  
to obesity and in relation to subclinical hypothyroid  
state.  

Material and Methods  

The study included 90 selected female cases  
within age range 40-50 years. They included 30  
normal control (Group I), 30 obese females with  

normal thyroid function selected according to  
criteria described by Flegal et al., [7]  (Group II),  
and 30 obese females which is early diagnosed  
with subclinical hypothyroidism (Group III), se-
lected to be newly diagnosed and before taking  

any treatment. All subjects were subjected to com-
plete history taking and thorough clinical exami-
nation. This study was carried out in Internal  
Medicine Department Tanta University (2018).  

Sample collection:  
10ml of fasting venous blood samples (over-

night from 10-12 hours) were obtained from all  
subjects under study. A blood portion was collected  

into dry sterile centrifuge tubes allowed to clot at  
room temperature for 30 minutes, and then centri-
fuged for 10 minutes at 3000rpm. Serum clear  

supernatant was separated from the clot and was  

stored in sterile aliquots at –20ºC. Triglycerides  
(TG), Total Cholesterol (TC), High-Density Lipo-
protein Cholesterol (HDL-C), Low-Density Lipo-
protein Cholesterol (LDL-C) were measured using  

enzymatic calorimetric kits with intra-and inter-
assay Coefficients of Variation (CV) of <10%  

(Roche Diagnostics GmbH). Fasting glucose con-
centration was determined by the glucose oxidase  
method.  

The levels of TSH were measured by using  
method of Ronnov-Jessen et al., [8] , Fasting T4,  
Fasting T3 were assessed [9] . Estimation of insulin  
level according to Flier et al., [10] . HOMA (home-
ostatic model assessment) was calculated by Math-
ews et al., [11] . Interleukin-6 (IL-6) was assessed  

by Enzyme Linked Immunosorbent Assay (ELIZA).  

Vaspin was measured by ELISA assay kit: Vaspin  
EIA Kit/Sigma-Aldrich Co. USA. Serum lpocalin-
2 were measured by enzyme linked immunosorbent  
assay technique. sandwich ELISA (R & D Systems,  

Minneapolis, MN, USA). Apelin was measured by  
ELISA assay kit (MyBioSource, San Diego, CA,  

USA) rendering to the manufacturer's implications.  

A written consent was obtained from subjects  
under study in accordance with the University  
Principles of the Faculty of Medicine Ethical Com-
mittee.  

Statistical methods:  

Results are expressed as mean and Standard  

Deviation (SD). The intergroup variation was  

measured by one-way analysis of variance (ANO-
VA) followed by the Tukey's post-hoc test. The  

relationship between TSH and vaspin, apelin, and  
lipocalin 2 was examined by Pearson's correlation  

coefficient. p-values less than 0.05 were considered  
statistically significant. All the analyses were  
performed using SPSS for windows (Version 23.0).  

Results  

As shown in (Tables 1-3) and Figs. (1,2):  

Body mass index showed a significant increase  
in obese group (GII) when compared to group (I)  
with further significant increase in obese with  

subclinical hypothyroidism (GIII) compared to  
their levels in the obese group (GII).  

Interleukin-6 and TSH showed a significant  
increase in (GIII) compared to (GII) also in (GII  
& GIII) when compared to their levels in the control  

group (GI), both T3 and T4 are insignificantly  
reduced in GIII when compared to their levels in  
GII and in GII & GIII when compared to their  
levels in the control group GI (Table 1).  

There is a significant increase in the levels of  
fasting blood glucose, fasting insulin, HOMA IR  
in (GIII) compared to (GII) also in (GII, GIII)  

when compared to their levels in the control group  

(GI) Fig. (1). While apelin, lipocalin 2 and vaspin  
showed a significant increase in (GIII) compared  

to (GII) also in (GII, GIII) when compared to their  

levels in the control group (GI) (Table 2). Also  
there is significant increase in the levels of total  
cholesterol, triglyceride and low-density lipoprotein  

in (GIII) compared to (GII) also in (GII, GIII)  

when compared to their levels in the control group  

(GI), while the level of high density lipoprotein  
showed a significant decrease in (GIII) compared  

to (GII) also in (GII, GIII) when compared to their  

levels in the control group (GI) Fig. (2). Table (3)  

shows significant positive correlation between  
TSH, apelin, vaspin and lipocalin 2.  
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Fig. (1): Fasting blood glucose, fasting insulin & insulin  
resistance (HOMA-IR) in selected subjects.  

Data are given as mean ±  SD.  
a: p<0.05 vs. Group I. b: p<0.05 vs. Group II.  

Group I  Group II  Group III  Group I  Group II  Group III  

Group I Group II Group III Group I Group II Group III  

Fig. (2): Level of total cholesterol, high density lipoprotein, triglyceride and low density lipoprotein in selected subjects.  

Data are given as mean ±  SD.  
a: p<0.05 vs. Group I. b: p<0.05 vs. Group II.  
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Table (1): Body Mass Index (BMI), IL-6, TSH, FT3, FT4 in  
selected subjects.  

Parameters  Normal  
control  

Obese subjects  

Without  
hypothyroidism  

(n=10)  

With  
hypothyroidism  

(n=10)  

• Body Mass  
Index (BMI)  

• Il-6 (pg/ml)  
• TSH (U/ml)  
• T3 (pmol/L)  
• T4 (pmol/L)  

26.20±3.49  

2.58±0.22  
2.15±0.29  
5.99±0.98  
13.62± 1.43  

32.71 ±3.33a  

3.51±0.31a  
3.44±0.26a  
5.61±0.53  
12.51 ±1.26  

38.93±7.67a,b  

4. 12±0.37a,b  
6.39±0.21 a,b  
5.40±0.31  
12.0±1.57  

Data are given as mean ±  SD.  
a:p<0.05 vs. control group (GI).  
b: p<0.05 vs. obese group (GII).  

Table (2): Vaspin, apelin and 
 

lipocalin 2 in selected subjects.  

Obese subjects  

Parameters Normal  
control  

Vaspin (ng/ml)  
Apelin (ng/ml)  
Lipocalin 2 (ug/L)  

Data are given as mean ±  SD.  
a:p<0.05 vs. control group (GI).  
b: p<0.05 vs. obese group (GII).  

Table (3): Correlation between TSH and vaspin apelin, and  
lipocalin 2 in group III.  

TSH (U/ml) Group III  
Parameters  

r p-value  

Apelin (ng/ml)  
Vaspin (ng/ml)  
Lipocalin 2 (ug/L)  

*: Statistically significant.  

Discussion  

Obesity is an important health problem and  
many studies have suggested a connection between  
obesity and thyroid function. These studies reported  
that obesity is generally considered secondary to  
thyroid dysfunction. Another point of view indicates  
that changes in Thyroid-Stimulating Hormone  
(TSH) could well be secondary to obesity, the  
interrelationships between body weight and thyroid  
status are complex  [12] . In view of the present  
findings, it is observed that subclinical hypothy-
roidism in obese cases is associated with significant  
increase in BMI as compared to obese group.  

It was previously reported higher prevalence  
of obesity in people with hypothyroid disease. And  
it was reported a significant relationship between  
serum TSH and BMI and mean TSH increased as  
BMI increased, this could be due to direct stimu- 

lating effect of TSH on preadipocyte differentiation  
which resulting in adipogenesis and fat mass accu-
mulation with positive energy-balance [13] .  

Obesity impairs adipocyte function where hypo  
perfusion and hypoxia in adipose tissues results in  

impairment in the formation of adipokines [14] .  
One of these adipokines is Leptin that seems to be  
a promising link between obesity and alterations  
of thyroid hormones. The interrelation between  
leptin and TSH is bidirectional since TSH stimulates  
leptin secretion in addition leptin regulates TSH  
secretion as it promotes thyrotropin releasing hor-
mone gene expression directly in the paraventricular  
nucleus, ultimately stimulating TSH release [15] .  

One possible mechanism for the dysregulation  
of adipocyte is inflammatory reaction. High nutrient  
milieu may stimulate circulating macrophages that  
could lead to chronic lower inflammatory state,  
this results in marked dysfunction in the accumu-
lated lipid both in adipose tissue and the liver with  
subsequent chronic inflammatory state which is a  
characteristic feature of obesity [16] .  

It is evident from the results of the present work  
that IL-6 is significantly elevated in obese patients  
when compared to normal control and it was re-
ported that individuals with visceral obesity have  
higher serum IL6 [17] . In hypothyroid obese females  
(group III) the level of IL-6 is significantly higher  
than both normal control and obese group. Sub-
clinical hypothyroidism is described by an elevated  
TSH level, TSH is a pro-inflammatory stimulus  

of adipocytes. Increases in lipolysis and in IL-6  
expression and release occur in TSH-stimulated  
adipocytes. TSH stimulates adipocyte IL-6 secre-
tion through a cAMP-protein kinase a pathway  
and activation of the nuclear factor-kappaB path-
way [18] .  

Diet with high calories with physical inactivity  
promotes obesity and state of tissue inflammation  

which result in insulin resistance as demonstrated  
by the significant increase in HOMA-IR in obese  

group as compared to normal control. Several  
mechanisms are involved in obesity induce insulin  
resistance. Increase IL6 which is a proinflammatory  
cytokine involved in insulin resistance. Chronic  
action of IL-6 can prevents autophosphorylation  
of insulin receptor and downstream signaling me-
diators in liver [19] .  

Also in chronic growth of adipose tissue, low-
grade inflammation occurs with consequent infil-
tration of immune cells that may result in decrease  
in adipokine excretion, which later leads to systemic  
insulin resistance [20] .  

0.82±0.10 3.31 ±0.13a 5.52±0.18a,b  
1.16±0.28 3.36±0.29a 4.96±0.56a,b  
71.95±7.62 95.49±7.52a 117.80±4.67a,b  

0.642 0.046*  
0.694 0.024*  
0.732 0.016*  
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HOMA IR is significantly elevated in obese  

with hypothyroid group as compared to obese alone  
or normal control subjects. Increase in plasma TSH  

levels in hypothyroid females may affect insulin  
secretion and may be combined with insulin resist-
ance since thyroid hormones are involved the  

insulin resistance state [21] . Aksoy et al., [22]  ob-
served in his study increased insulin resistance in  
cases with hypothyroidism. On the other hand,  

previous study reported a significant positive cor-
relation between the TSH and insulin levels, also  

between the TSH and HOMA IR levels [23] .  

In obese group there is significant hyperin-
sulinemia and hyperglycemia as compared to nor-
mal control group, Insulin resistance in obese  

persons leads to a lessened clearance of blood  

glucose beside an increased in hepatic glucose  

output, both combining to result in elevated plasma  

glucose this is referred to as the adipo-insulin  

axis [24] .  

In group with obese hypothyroidism there is  

further significant elevation in insulin and blood  
glucose levels, which could be also explained by  
reduced glucose metabolism because of diminished  

insulin depending glucose utilization specially in  

peripheral tissues as a sequence of impairment in  

peripheral blood flow [25] . Kapralova et al., dem-
onstrated that increased level of resistin and leptin  

hormones in cases with subclinical hypothyroidism  
results in subsequent insulin resistance which  

results in a compensatory hyperinsulinemia and  

hyperglycemia [26] .  

Interactions of macrophages and generation of  
proinflammatory cytokines can impair metabolic  
processes in tissues that are physiological targets  

for insulin. These inflammatory changes may lead  
to dyslipidemia, which are significant features  

indicating obesity [27] .  

It is evident from results of the present work  

that there is significant increase in total cholesterol  

LDL, TG and significant decrease in HDL in obese  
group compared to control.  

Obesity as a triggering factor with its charac-
teristic hyperglycemia because of impairment in  
glucose uptake in the muscle and liver addition to  
insulin resistance with diminished antilipolytic  
effect of insulin that increase hepatic cholesterol  

formation and decreased HDL-C can result in  
significant increase in total cholesterol LDL, TG  
and significant decrease in HDL in obese group  
compared to control [28] .  

In obese group with subclinical hypothyroidism  
the dyslipidemia is more intensified. Insulin resist-
ance in addition to thyroid dysfunction increase  

the risk of dyslipidemia. It has been suggested that  

insulin resistance expands the harmful influence  
of hypothyroidism on the lipid profile [29] . The  
thyroid hormone is one of the hormones that control  
all metabolic process concerned with lipid metab-
olism. TSH significantly and positively relates to  
increase TG through its effect on lipoprotein lipase.  
Hypothyroidism leads to reduction of the number  

of LDL receptors in the fibroblasts, liver, and other  

tissue tissues, so it reduces excretion of cholesterol  

in bile, thus resulting in elevated serum level of  
LDL [30] . Thyroid hormones increase 3-Hydroxy-
3-Methyl-Glutaryl-Coenzyme A (HMG-COA) re-
ductase activity in the liver and, thus reduce cho-
lesterol and alter levels of High-Density Lipoprotein  

(HDL) cholesterol and hepatic lipase activity and  

affect the excretion of cholesterol from the intestine  

by bile acids [31] . On the other hand, it upregulates  
expression of peroxisome proliferator-activated  

receptor gamma coactivator-1alpha (PGC-1 a )  
which is a master coregulator of both glucose and  
lipid metabolism and an important cofactor for the  

Peroxisome Proliferator-Activated Receptor a 
(PPARa) and regulates the transcriptional activation  

of genes associated with fatty acid oxidation,  

directly increasing palmitate oxidation rates [32] .  

Adipose tissue is established as an endocrine  

organ secreting different adipocytokines contributes  
in the pathogenesis of metabolic dysfunction com-
plicating obesity [33] . Our study revealed significant  
increase of vaspin in obese group as compared to  
control group. Many studies has been implicated  
to study the role of vaspin as a new adipokine  
secreted from White Adipose Tissue (WAT) and  
its relation to obesity, most of results of these  

studies support the relation of vaspin and parame-
ters of metabolic syndrome and several studies  

have shown a positive correlation between vaspin  
gene expression and HOMA insulin resistance,  

percentage of total body fat and glucose intolerance  
and revealed that increased vaspin concentration  

and mRNA gene expression specially in Visceral  
Adipose Tissue (VAT) is an indicator for obesity  

[34] . In contrast to this findings other studies show  
quite contradictory results, as lower vaspin levels  

have been recorded in men with metabolic syn-
drome [35]  and no significant difference in vaspin  
levels has been observed in subjects with newly  
diagnosed T2DM and metabolic syndrome as com-
pared to a group without metabolic syndrome [36] .  

From the results of our study we can conclude  
that increase vaspin in obese group is a compensa- 



4662 Role of Changes in Some Adipokines with Obesity in Relation to Thyroid Function  

tory mechanism associated with obesity resulting  
in excessive secretion of vaspin from (WAT) that  

is activated and secret vaspin in response to in-
creased HOMA insulin resistance and increased  

glucose level [37]  as well as a low-grade inflamma-
tion as evidenced by increased IL-6 stimulate  

secretion of vaspin from VAT [38] .  

In group of obesity with subclinical hypothy-
roidism there is significant increase in the level of  
vaspin if compared to obese group. There are few  
studies about the regulation of vaspin by thyroid  

hormones, and the results of them are controversial,  

one of this study was in rats and it suggested that  

thyroid dysfunction may affect vaspin mRNA  

expression as vaspin mRNA expression is signifi-
cantly increased in hypothyroid rats compared with  

the euthyroid ones despite that no change in glucose  
and insulin concentration [39] . Another study re-
ported that weight loss by bariatric surgery in obese  
subject resulted in significant decrease in TSH  
levels in positive correlation with changes in serum  

vaspin levels [40] . On the other hand, Cinar et al.,  
proved that there is no difference in vaspin levels  
between euthyroid and hypothyroid subjects (sub-
clinical and clinical hypothyroid), and no significant  

difference was detected in vaspin levels after nor-
malization of thyroid hormones. Moreover, vaspin  

levels were not correlated with TSH [41] . The  
increased level of vaspin in group with obesity  

with subclinical hypothyroidism can be explained  
by TSH stimulatory effect on adipose tissue as a  
result of increased TSH in this group, adipocytes  

express high levels of TSH receptors and TSH  
participates in the regulation of adipocyte functions  

including secreting adipokines [42]  and this is  
confirmed by our finding where is positive corre-
lation between TSH and vaspin level. In addition  

vaspin expression in adipocyte is mainly linked to  
adipocyte dysfunction, hypertrophy and lipolysis  

in visceral and subcutaneous adipose tissue [43] .  

The level of lipocalin 2 is significantly increased  

in obese group as compared to normal control  

group. Obesity is a pro-inflammatory state with  

elevation of multiple markers of inflammation and  

different cytokines [44] . This proinflammatory  
cytokines stimulate Lcn2 expression in the active  

adipocyte [45] , as well as by the activated hepatocyte  

[46] . Lipocalin 2 augments inflammation and lipid  

peroxidation in adipose tissue, which results in  

more release of proinflammatory cytokine and  

adipokines from the active adipocyte [47] , in addi-
tion lipocalin 2 which is iron transport proteins  
can result in beta cell dysfunction by increasing  

intracellular iron concentration in it resulting in  

oxidative stress this impaired insulin secreting  

capacity of B cells [48,49] . In addition, it has been  
previously proved the exogenous lipocalin 2 in-
crease glucose production by hepatocyte [50] a  
condition that explain significant hyperglycemia  

and insulin resistance in obese group and in obese  

group with hypothyroidism as compared to obese  

group as the level of lipocalin 2 is significantly  
increased in subclinical hypothyroidism as com-
pared to obese group alone with positive correlation  

between lipocalin 2 and TSH. This may be a part  
of the stimulatory effect of TSH on adipocyte either  

directly because of enhanced expression of its  
receptors in adipocyte [42]  or may be a part of a  
reaction mediated by its lipodystrophic effect that  
activate more inflammatory response that stimulate  

the release of adipokine form adipose tissue [51] .  

There is only one study investigates the level  
of lipocalin 2 with subclinical hypothyroidism in  
normal weight subject. It revealed no significant  
difference of serum lipocalin-2 levels between  
patients with subclinical hypothyroidism and  
healthy control subjects. However positive corre-
lations were found between serum lipocalin-2 and  

BMI [52] .  

However, Cheng-et al., discovered the stimula-
tory effect of thyroid hormones on LCN2 mRNA  
and protein expression in a receptor-dependent  

manner [53] .  

Serum apelin level were significantly increased  

in obese compared to non-obese controls. Dysreg-
ulation of apelin, is one of the important causative  
factors in the development of obesity. Bertrand et  

al., supports the theory that abnormal production  
of apelin can contribute to the pathogenesis of  

obesity. Apelin is positively associated with BMI  
and has negative correlation with HOMA-IR index  

[54] . Plasma apelin and insulin levels were found  
to be significantly elevated in obese patients in  

addition plasma apelin concentrations and apelin  
mRNA expression in adipocyte increase in hyper-
insulinemia associated obesity [55] .  

In hypothyroidism with obesity there is further  
significant increase in apelin level with positive  
correlation between apelin and TSH this is with  

accordance with previous study which reported  
that apelin levels were the highest in the hypothy-
roid patients. Apelin receptors have been detected  

in the thyroid gland, increase in the TSH in hy-
pothyroidism may cause an increase the release of  

apelin [56] .  
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Conclusion:  
It is concluded that obesity released adipokines  

and inflammation may be part of the axis that has  

a pathogenic role in the development and progres-
sion of hypothyroidism in obese subjects. This  
open a new point of view that disruption of thyroid  

function may be one of secondary effect of obesity  

and that disruption of adipocyte secretion of vaspin,  

lipocalin 2 and apelin may be implicated in some  
of the metabolic changes associated with obesity  
and aggravated with hypothyroid state.  
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