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Abstract. Background: The obesity epidemic is a pressing global health concern, as obesity rates continue to 
rise worldwide. This study examines the relationship between thyroid hormone levels, insulin resistance and 
components of metabolic syndrome in euthyroid’s. Methods: A pre-structured and pre-tested questionnaire 
was used to gather information and biochemical tests were performed using kits. The homeostatic model 
assessment (HOMA) ratio formula was used to quantify IR. Results: A total 100 obese women were clini-
cally evaluated, from which 72 women were diagnosed with metabolic syndrome (MetS+). Body mass index 
(BMI), systolic blood pressure, total cholesterol (TC), triglyceride (TG), high-density lipoprotein (HDL-C) 
and thyroid-stimulating hormone (TSH) were statistically higher in MetS+ group. Even in euthyroids, TSH 
was positively associated with waist circumference and TC. TSH was also positively associated with HOMA-
IR (r= 0.018*). FT4 was negatively associated with TC (r = -0.007*), LDL-C (r=-0.084*) and HOMA-IR 
value (r= -0.187**). The difference between two levels within normal range of TSH (TSH <2.5μIU/mL and 
TSH ≥2.5 μIU/mL) in terms of age, TC, TG, HDL and LDL have been found to be significantly different. 
Using a cut-off value of 2.7 for HOMA-IR (> 2.7 resistant, < 2.7 sensitive) BMI, WC, TC, TG, LDL-C and 
TSH was higher in resistant group. Conclusion: Obese euthyroids exhibited a significantly positive correlation 
between HOMA IR values and TSH levels and significantly negative correlation between low normal FT4 
and HOMA IR. It has also been established that thyroid function and lipid levels are related even in subjects 
classified as being euthyroid. 
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O r i g i n a l  A r t i c l e

Introduction

The obesity epidemic is a pressing global health 
concern, as obesity rates continue to rise worldwide. 
In addition to increasing the risk of health complica-
tions and premature death, obesity is the greatest con-
tributing factor underlying the metabolic syndrome 
(MetS) (1). MetS is a chronic medical condition 

manifested by a cluster of symptoms (e.g., low high-
density lipoprotein cholesterol (HDL-C) levels, high 
blood pressure (BP), high triglyceride (TG) levels, 
insulin resistance (IR), and other anthropometric and 
biochemical factors that are associated with develop-
ing cardiovascular disease and type 2 diabetes mel-
litus (2). IR basically refers to the inability of insulin 
to perform its function at the optimum concentration 
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required for its biological activity (3). The causes 
responsible for this inability can range from defective 
glucose output in the liver to impaired insulin uptake 
in the muscle (4).

Healthy thyroid activity is required to maintain 
the overall health of an individual. Several studies have 
described the effect of thyroid hormones on body mass 
index (BMI) (5, 6). Hypothyroidism leads to weight 
gain, while hyperthyroidism causes weight loss. Moreo-
ver, it has also been established that obesity affects thy-
roid gland function (7). Thyroid hormones have been 
found to be associated with insulin activity and regu-
late the metabolism of glucose. The dys-regulation of 
this pathway contributes to IR (8). Thyroid hormones 
regulated a variety of proteins involved in maintaining 
insulin sensitivity (9). The loss of insulin sensitivity, IR, 
is associated with obesity and has been used as a pre-
dictor of developing cardiovascular disease (CVD) and 
type 2 –diabetes (10). Maintaining glucose homeostasis 
involves the complex interplay between physiological 
pathways that regulate insulin secretion and modulate 
its activity (4). The American Association of Clinical 
Endocrinologists (AACE) (11) has set the guidelines 
for the identification of abnormal thyroid function and 
for the treatment of thyroid dysfunction in patients with 
abnormal serum levels of thyroid-stimulating hormone 
(TSH) (12). Subjects with both thyroid dysfunction and 
metabolic syndrome (MetS) are often witnessed in clin-
ical practice (13). The possible role of TSH in adipogen-
esis has already been established and it has been found 
that even slightly raised serum TSH levels are related 
with an upsurge in the incidence of obesity (6). Among 
its various metabolic effectors, WC and BMI signifi-
cantly and positively correlate with serum TSH levels 
(6). Therefore, the aim of this cross-sectional study was 
to identify associations between TSH, IR, and other 
clinically-relevant metrics in obese women with and 
without MetS in Saudi Arabia. This study involved the 
assessment of anthropometric, clinical, and biochemical 
characteristics of the subjects and compared the clinical 
and metabolic characteristics according to HOMA-IR 
subjects. It also assessed the associations between TSH 
levels and the subjects’ clinical and biochemical charac-
teristics, MetS diagnosis, and insulin sensitivity level. 

Materials and Methods

Study design

The cross sectional study was carried out on 163 
obese and overweight women aged 25 to 55 years. All 
of the patients had BMI ≥ 25 kg/m2. The presence of 
medical conditions was assessed through self-report. A 
pre-structured and pre-tested questionnaire was used 
to gather demographic information and personal and 
family medical history. Informed consent was obtained 
from all participants.

Ethics approval and consent to participate 

This study was conducted in compliance with the 
ethical principle of the Declaration of Helsinki. The 
study was approved by King Saud University (Ref-
erence #: KSU-SE-18-14) and study was in accord-
ance with the Policy of Research Centre. The aim of 
this study was explained to all participants. Written 
consent was obtained from the respondents involved 
in this research and the study abided by the princi-
ple of voluntary participation. Blood was withdrawn 
by a qualified nurse and subjects were assured that the 
information given was entirely for scientific purposes 
and would be kept confidential.

Inclusion criteria

A total 100 subject in the age group of 25 to 55 
years were recruited in the study.

Exclusion criteria

Subjects with history of polycystic ovary syn-
drome, chronic renal failure, thyroid disease, chronic 
hepatopathy or cancer and subjects taking antihyper-
tensive drugs and statins, contraceptive drugs or under 
hormone replacement therapy (HRT), any medica-
tion known to interfere with glucose or insulin secre-
tion and/or metabolism were excluded from the study 
(Fig.1). 
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Anthropometric measurements Height and Weight

Height and weight were measured in light cloth-
ing without shoes. Standing height was measured by 
a stadiometer and body weight by digital electronic 
weighing scale. 

Body mass index (BMI)

BMI were calculated as weight in kilograms 
divided by the square of height in meters. 

Waist circumferences

Waist circumferences were measured using a flex-
ible measuring tape, midway between the xiphoid and 
the umbilicus during the mid-inspiratory phase. 

Anthropometric measurements were carried out 
three times by a single tester. 

Blood pressure

The average of two measurements of blood pressure 
(BP) with the subject in the sitting position was taken 
at a 2 to 3 min interval after resting for at least 15 min.

Biochemical parameters

Blood samples were drawn after an overnight 
fast. Serum samples were analyzed for fasting blood 
sugar (FBS), triglyceride (TG), total cholesterol (TC), 
low-density lipoprotein cholesterol (LDL-C) and 
high-density lipoprotein cholesterol (HDL-C) using 
commercially-available kits (Beckman-Coulter, USA). 
Serum insulin concentration was determined using 

Figure 1. Flowchart schematic of study subject selection using the inclusion and exclusion criteria.  
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an electrochemiluminescence-based assay (Immulite 
2000, USA). Serum thyroxine (FT4), tri-iodothy-
ronine (FT3), and TSH levels were also determined 
by electrochemiluminescence-based immunoassay 
(Roche Diagnostics, Germany). All tests were per-
formed according to the instructions given by manu-
facturer of the kits without any modification. 

Definitions Euthyroidism

In this study Euthyroidism was defined as TSH 
(reference range, 0.35–5.5 μIU/mL), FT3 (reference 
range, 3.5–6.5 pmol/L) and FT4 (reference range, 
11.5–22.7 pmol/L) within the normal reference range 
(14) without any thyroid medication. 

Based on a large-scale epidemiological survey 
in 2003, National Academy of Clinical Biochemistry 
(NACB) suggested reducing the upper reference limit 
of TSH to 2.5 μIU/mL (15). Various related studies 
distributed the subjects within the normal range of 
TSH into TSH <2.5μIU/mL and TSH ≥2.5 μIU/mL 
groups (16, 17). Consequently, in this study also the 
subjects were divided into 2 groups according to TSH 
<2.5μIU/mL and TSH ≥2.5 μIU/mL.

HOMA-IR

The homeostatic model assessment (HOMA) 
ratio formula was used to quantify IR and it was cal-
culated as follows: 

HOMA-IR = �[fasting plasma insulin (µIU/ml) × fasting plasma 
glucose (mmol/l)] / 22.5

HOMA-IR cut-off value chosen was 2.7 (> 2.7 
resistant, < 2.7 sensitive) (18).  

Metabolic syndrome (MetS)

MetS was diagnosed according to standard pro-
tocol (19) based on the presence of the following 
criteria: 1) TG ≥ 150 mg/dL; 2) LDL-C < 130 mg/
dL; 3) HDL-C < 40 mg/dL; 4) TC < 200 mg/dL; 5) 
FBS ≥ 100 mg/dL; 6) SBP ≥ 130 mmHg; 7) DBP 
≥ 85 mmHg; 8) WC > 80 cm (Figure 2). Subjects 
with levels over the cut-off values (for at least two 
of the following traits and obesity was common trait 
in all subjects) were considered as MetS+. According 
to ATP III (20) Met S in women is defined as the 
presence of at least three of the mentioned traits: 1) 
abdominal obesity, defined as a waist circumference 
greater than 88 cm; 2) serum HDL less than ≤ 50 mg/
dl; 3) serum triglycerides (TGs) ≥150 mg/dl; 4) fast-
ing plasma glucose≥ 110 mg/dl and 5) BP ≥130/85 
mm Hg (expert panel).

Statistical analysis

All data were analyzed using the Statistical Pack-
age for the Social Sciences (SPSS) software package 
v25 (IBM, Chicago, IL, USA). Statistical comparisons 
between the MetS+ and MetS- groups were achieved 

Figure 2. Components of metabolic syndrome
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with the one-way analysis of variance (ANOVA). Sig-
nificance assessments were carried out using Dun-
can’s new multiple range tests. Values are expressed as 
means and standard deviations. We used hierarchical 
cluster analysis to assess the relationship between TSH 
levels and HOMA-IR values. Each experiment was 
repeated at least three times. A P-value of less than 
0.05 was regarded as statistically significant. 

Results 

Anthropometric and biochemical characteristics of the 
metabolic syndrome positive (MetS+) and metabolic 
syndrome negative (MetS-) groups

Of the 163 individuals considered, 63 were elimi-
nated based on exclusion criteria (Fig. 2). The study 
population consisted of the remaining 100 obese (BMI 
> 25 kg/m2) women aged 25 to 55 years. Of these, 72 
women were diagnosed as MetS+ and the remaining 
28 were MetS-. The anthropometric and biochemical 
characteristics are presented in Table 1. BMI, SBP, TC, 
TG, HDL-C, FBS, TSH, and fasting insulin levels 

were statistically higher in the MetS+ group than the 
MetS- group. Similarly, the values for WC, fat ratio, 
LDL-C, FT4, FT3, and HOMA-IR were higher in the 
MetS+ group than the MetS- group; however, these 
differences were not statistically significant. 

Pearson correlation coefficients (r) of TSH, FT4 and FT3 
with demographic, anthropometric and components of 
metabolic syndrome

Even in euthyroid range, TSH was positively 
associated with WC (r=0.060*), TC (r=0.015**) and 
negatively associated with diastolic blood pressure 
(DBP) (r= -0.078*) (Table 2). TSH was also positively 
associated with HOMA-IR (r= 0.018*). FT4 was 
negatively associated with TC (r = -0.007*), LDL-C 
(r=-0.084*) and with HOMA-IR value (r= -0.187**). 
FT3 was positively associated with BMI (r = 0.570**) 
and fat ratio (r = 0.351*) (Table 2). Figure 3 represents 
the relationship between TSH level and metabolic 
syndrome. The difference between two levels within 
normal range of TSH (TSH <2.5μIU/mL and TSH 
≥2.5 μIU/mL) in terms of age, TC, TG, HDL, and 
LDL has been found to be significantly different. TC 

Table 1. Anthropometric and biochemical variables of the study subjects

Variables MetS+ (n=72) SD MetS- (n=28) SD P-value
Age (years) 33.12 9.06 28.64 8.39 NS
Body mass index (kg/m2) 32.12 4.89 29.41 5.98 <0.05
Waist circumference (cm) 89.38 7.93 80.44 2.34 NS
Fat ratio 39.24 6.60 24.62 4.35 NS
Systolic blood pressure (mmHg) 132.12 9.48 112.10 10.91 <0.001
Diastolic blood pressure (mmHg) 88.34 8.43 78.78 4.31 NS
Total cholesterol (mg/dl) 234.67 9.79 193.94 9.75 <0.001
Triglyceride (mg/dl) 167.83 8.90 151.41 8.26 <0.001
HDL-C (mg/dl) 34.27 7.08 58.21 4.33 <0.05
LDL-C (mg/dl) 130.42 11.37 125.72 11.45 NS
Fasting blood sugar (mg/dl) 109.55 10.47 94.70 8.12 <0.001
TSH (mIU/l) 2.38 1.52 1.38 1.02 <0.05
FT4 (pmol/l) 11.99 2.81 10.56 2.46 NS
FT3 (pmol/l) 6.22 1.70 5.47 2.47 NS
Fasting Insulin (µIU/ml) 12.42 5.09 5.10 1.42 <0.05
HOMA-IR 5.14 2.13 1.61 1.02 NS

Data is represented as mean ± standard deviation
HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, TSH = thyroid stimulating hormone, 
FT4 = free thyroxine, FT3 = free triiodothyronine, HOMA I= homeostatic model assessment.
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and TG was significantly higher in TSH ≥2.5 μIU/
mL group and HDL was more in TSH <2.5μIU/mL 
group.

Comparison between insulin-resistant and insulin-
sensitive women in terms of the clinical and metabolic 
characteristics

The comparison between insulin-sensitive and 
insulin-resistant women in terms of the clinical and 
metabolic characteristics is presented in Figure 4. 
Using a cut-off value of 2.7 for HOMA-IR (> 2.7 
resistant, < 2.7 sensitive), BMI, WC, TC, TG, HDL-
C, LDL-C and FBS were higher in the resistant group 
than the sensitive one. Furthermore, hierarchical clus-
ter analysis grouped the clinical and metabolic data 
according to HOMA-IR value revealed statistically 
significant association between these groups (Fig. 5).

Discussion

MetS describes a constellation of different meta-
bolic irregularities, which are often associated with 

thyroid hormones and insulin resistance (IR). IR is 
defined as glucose homeostasis disorder comprising 
abridged sensitivity of muscles, liver, adipose tissue 
and other body tissues to insulin (21). It is common 
knowledge that excessive weight gain and the resulting 
obesity increases the likelihood of incurring MetS. 

The present analysis established that HOMA-
IR and TG values are comparatively higher in women 
that are MetS+ relative to their MetS- counterparts. 
Moreover, TSH was found to positively associate with 
WC and total cholesterol levels. The finding is in line 
with previous studies (22, 23). One of the risk factors 
for IR and hyperlipidemia is hypothyroidism which is 
associated with weight gain and concomitant changes 
to the other components that comprise MetS (24). 
Thyroid dysfunction especially subclinical hypothy-
roidism is closely associated with glucose metabolism 
(25). Even in hypothyroid MetS+ females; high TSH 
levels has been found to be associated with dyslipi-
demia (26) IR plays causative role in the development 
of MetS (27). Correlations between hypothyroidism 
and IR have been established before (28). Previous 
studies show positive correlation between TSH and 

Figure 3. Comparison of clinical and metabolic characteristics of subjects based on TSH level.
*P < 0.05. Significance assessments were carried out using Duncan’s new multiple range tests.
BMI = body mass index, WC = waist circumference, SBP = systolic blood pressure, DBP = diastolic blood 
pressure, TC = total cholesterol, HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density lipo-
protein cholesterol, FBG = fasting blood glucose, TSH = thyroid stimulating hormone, FT4 = free thyroxine, 
FT3 = free triiodothyronine. 
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Table 2. Pearson correlation coefficients (r) of TSH, FT4 and FT3 with general, anthropometric and components of metabolic 
syndrome

Variables TSH FT4 FT3

Age (years) -0.007 -0.187 -0.151

Body mass index (kg/m2) 0.121 0.127 0.570**

Waist circumference (cm) 0.060* -0.024 0.429

Fat ratio 0.084 0.091 0.351*

Systolic blood pressure (mmHg) -0.057 -0.083 -0.020

Diastolic blood pressure (mmHg) -0.078* 0.078 0.088

Total cholesterol (mg/dl) 0.015** -0.007* 0.128**

Triglycerides (mg/dl) 0.238 0.126 0.218

HDL-C (mg/dl) 0.222 -0.156 0.141

LDL-C (mg/dl) -0.029 -0.084* -0.129**

Fasting blood sugar (mg/dl) 0.008 0.091 0.273

Fasting Insulin (µIU/ml) 0.023 0.189 0.238

HOMA-IR 0.018* -0.187** 0.293

** Correlation is significant at the 0.001 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, TSH = thyroid stimulating hormone, 
FT4 = free thyroxine, FT3 = free triiodothyronine, HOMA I= homeostatic model assessment.

Figure 4. Comparison of clinical and metabolic characteristics of subjects according to HOMA-IR. 
*p < 0.05,  **p < 0.001. Significance assessments were carried out using Duncan’s new multiple range tests. BMI 
= body mass index, WC = waist circumference, SBP = systolic blood pressure, DBP = diastolic blood pressure, 
TC = total cholesterol, HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein 
cholesterol, FBS = fasting blood sugar, TSH = thyroid stimulating hormone, FT4 = free thyroxine, FT3 = free 
triiodothyronine.
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Figure 5. Hierarchical cluster analysis showing a significant correlation between HOMA-IR values and clini-
cal and metabolic characteristics between both groups.

insulin and HOMA –IR (29, 30). Similar results are 
observed in this study in euthyroid. In a previous study 
TSH and IR were positively correlated independent of 
body status in obese children (31). Lekakais et al., (30) 
mentioned that in hypothyroidism impairment of flow 
mediated endothelial vasodilation leads to IR. 

The HOMA approach is a reliable, time-tested 
method for quantifying IR that is both well established 
and regarded in the field. The HOMA-based analy-
sis of MetS+ and MetS- obese women described here 
provides empirical evidence that BMI positively cor-
relates with IR, which supports the findings of a pre-
vious, independent study (32). Higher values of BMI 
and WC in HOMA-IR resistant group than sensitive 
group sustain the concept that obesity and particularly 
its visceral constituent should be considered as the 
principal causative factor in MetS (33). Macrophage 
infiltration with augmented production of cytokines 
and adipokines leads to oxidative stress and chronic 
“low-grade” inflammation which in turn affect insu-
lin signaling in target cells (and binding of insulin to 
its receptor) leading to IR (34). TSH level was higher 

in HOMA –IR resistant group when compared with 
HOMA –IR sensitive group and as outcome, due to 
its morphogenic effect the possibility of proliferation of 
thyroid cells  increases (29). Furthermore, the positive 
correlation between HOMA-IR values and TSH levels 
observed in the present study highlights the role played 
by the thyrotropin hormone in adipogenesis. These 
results are consistent with the findings of Racataianu 
et al., and Vyakaranam et al., (29, 35) and were further 
validated using hierarchical clustering. Even though 
the mechanisms by which IR may influence the thyroid 
are not fully implicated but the suspected mechanism 
can likely is the relationship between thyroid hormones 
and the adipokines released by visceral fat, especially 
leptin (36). Hyperinsulinemia and increased body fat 
with visceral fat mass inducing and aggravating IR, 
increases leptin’s production. Leptin stimulates the 
hypothalamic-pituitary-thyroid axis to proliferate TSH 
secretion by interfering with the negative feedback reg-
ulation of thyroid hormones (37). Xu et al., (38) sug-
gested that thyroid function might be one factor that 
affects body weight and the co-morbidities of obesity.
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In the present study, FT3 levels were positively 
associated with BMI. This is in accordance with a 
previous finding where associations between thy-
roid hormone levels and body weight and BMI were 
observed (39). Interestingly, the increase in FT3 con-
centration is independent of other metabolic param-
eters and insulin sensitivity (22). In a study on 47 
euthyroid subjects, it was found that concentration of 
FT3 was associated with hyerinsulinemia and insu-
lin production (40). FT3, alone or in combination 
with insulin, regulates the uptake and breakdown of 
glucose. The analysis described here revealed nega-
tive associations between FT4 and HOMA-IR val-
ues which are quite similar to previous study (41). 
The reference range for FT4 is 11.5–22.7 pmol/L. 
In this study lower normal serum level of FT4 has 
been observed even in MetS+ women. Roos et al., 
(42) suggest that low normal FT4 levels mediate the 
development of IR. A significant negative correlation 
has been found between thyroid hormone FT4 and 
TC as well as the atherogenic LDL-C within euthy-
roid which is similar to the results reported by Kavita 
and Nageshwari (43). 

These outcomes incriminate that effect of thyroid 
function on lipid metabolism extends into the euthy-
roid range and subjects with low normal thyroid func-
tion can also be at greater CVD risk.

Conclusion

In conclusion obese euthyroid subjects exhibited 
a significantly positive correlation between HOMA 
IR values and TSH levels and significantly negative 
correlation between low normal FT4 and HOMA 
IR. It has also been established that thyroid function 
and lipid levels are related even in subjects classified 
as being euthyroid. These findings are consistent with 
an amplified CVD risk in subjects with low normal 
thyroid function. While further studies are required 
to explore the underlying mechanisms responsible for 
these correlations, they can serve as biomarkers that 
inform. In summary, the present study established 
associations between IR, the characteristic pathology 
of type 2 diabetes, and quantifiable clinical and meta-
bolic factors. 

Abbreviations

HOMA-IR: Homeostatic Model Assessment of Insulin 
Resistance; MetS: metabolic syndrome; BMI: Body mass index; 
SBP: systolic blood pressure; TC: total cholesterol; TG: triglyc-
eride; HDL-C: high density lipoprotein cholesterol; LDL-C: 
low density lipoprotein cholesterol; FBS: fasting blood sugar; 
TSH: thyroid stimulating hormone; WC: waist circumference; 
CVD: cardiovascular disease; FT3: tri-iodothyronine; FT4:  
thyroxine  

Funding

The authors extend their appreciation to the Deanship of 
Scientific Research at King Saud University for funding this 
work through the Research Project No R6-17-03-65.

Conflict of Interest: Each author declares that ghe or she has no 
commercial associations (e.g. consultancies, stock ownership, equity 
interest, patent/licensing arrangement etc.) that might pose a con-
flict of interest in connection with the submitted article

References

1.	The Global Burden of Metabolic Risk Factors for Chronic 
Diseases Collaboration. Cardiovascular disease, chronic 
kidney disease, and diabetes mortality burden of cardio 
metabolic risk factors from 1980 to 2010: a comparative risk 
assessment. Lancet Diabetes Endocrinol 2014; 2: 634-637.

2.	Ford ES. Risks for all-cause mortality, cardiovascular dis-
ease, and diabetes associated with the metabolic syndrome. 
Diabetes Care 2005; 28: 1769-1778.

3.	Lankatillake C, Huynh T, Dias DA. Understanding gly-
cemic control and  current approaches for  screening anti 
diabetic natural products from  evidence-based medicinal 
plants. Plant Methods 2019; 15:105.

4.	Farasat T, Cheema  AM, Khan MN. Relationship of thyroid 
hormones with serum fasting insulin and insulin resistance 
in euthyroid glycemic anomalies. Pakistan J Zool 2011; 43: 
379-86. 

5.	Xu R, Huang F, Zhang S, Yongman Lv, Qingquan Liu. Thy-
roid function, body mass index, and metabolic risk markers 
in euthyroid adults: a cohort study. BMC Endocr Disord 
2019; 19:58.

6.	Knudsen N, Laurberg P, Rasmussen LB, Bulow I, Perrild H, 
Ovesen L, Jorgensen T. Small differences in thyroid func-
tion may be important for body mass index and the occur-
rence of obesity in the population. J Clin Endocrinol Metab, 
2005; 90: 4019–4024.

7.	Topsakal S, Yerlikaya E, Akin F, Kaptanoglu B, Erurker T. 
Relation with HOMA-IR and thyroid hormones in obese 
Turkish women with metabolic syndrome. Eat Weight Dis-
ord 2012; 17:e57-61. 



Progress in Nutrition 2021; Vol. 23, N. 1: e202108810

8.	Wang C. The relationship between type 2 diabetes melli-
tus and related thyroid diseases. J  Diab Res 2013; 2013: 
390534.

9.	Klieverik LP, Janssen SF, Van Riel A. Thyroid hormone 
modulates glucose production via a sympathetic pathway 
from the hypothalamic paraventricular nucleus to the liver. 
Proc Natl Acad Sci 2009; 106: 5966-5971.

10.	Naslund E, Andersson I, Degerblad M. Associations of lep-
tin, insulin resistance and thyroid function with long-term 
weight loss in dieting obese men. J Intern Med 2000; 248: 
299-308.

11.	Baskin HJ,  Cobin RH,  Duick DS. American association 
of clinical endocrinologists. Medical guidelines for clinical 
practice for the evaluation and treatment of hyperthyroid-
ism and hypothyroidism. Endocr Pract 2002; 8: 457–69. 

12.	Gharib H, Tuttle RM, Baskin HJ, Fish LH, Singer PA, Mc 
Dermott. Subclinical thyroid dysfunction: a joint statement 
on management from the American Association of Clinical 
Endocrinologists, the American Thyroid Association, and 
the Endocrine Society. J Clin Endocrinol Metab 2005; 90: 
581-585.

13.	Dos Santos Teixeira PF, dos Santos PB, Pazos-Moura CC. 
The role of thyroid hormone in metabolism and metabolic 
syndrome. Ther Adv Endocrinol Metab 2020; 11: 1–33.

14.	Zou J, Tian F, Zhang Y. Association between thyroid hor-
mone levels and diabetic kidney disease in euthyroid pa-
tients with type 2 diabetes.  Sci Rep 2018; 8:4728. 

15.	Kratzsch J, Fiedler GM, Leichtlle A. New reference in-
tervals for thyrotropin and thyroid hormones based on 
National Academy of Clinical Biochemistry criteria and 
regular ultrasonography of the thyroid. Clin Chem 2005; 
51: 1480–1486. 

16.	Qi Qi, Qiu-Mei Zhang, Chun-Jun Li, Dong RN, Li JJ, Shi 
JY. Association of thyroid-stimulating hormone levels with 
microvascular complications in type 2 diabetes patients. 
Med Sci Monit 2017; 23: 2715–2720.  

17.	 Petrosyan L. Relationship between high normal TSH lev-
els and metabolic syndrome components in type 2 diabetic 
subjects with euthyroidism. J Clin Transl Endocrinol 2015; 
2:110–113.

18.	Atabek ME and Pirgon O. Assessment of insulin sensitivity 
from measurements in fasting state and during an oral glu-
cose tolerance test in obese children. J Pediatr Endocrinol 
Metab 2007; 20: 187-195.

19.	Grundy SM, Cleeman JI, Daniels SR. Diagnosis and man-
agement of the metabolic syndrome: an American Heart 
Association/National Heart, Lung, and Blood Institute Sci-
entific Statement. Circulation 2005; 112: 2735–52. 

20.	Expert panel on detection, evaluation, and treatment of 
high blood cholesterol in adults. Executive summary of the 
third report of the national cholesterol education program 
(NCEP) expert panel on detection, evaluation, and treat-
ment of high blood cholesterol in adults (Adult Treatment 
Panel III). JAMA 2001; 285: 2486 –2497.

21.	Matthews DR, Hosker JP, Rudenski AS, Naylor BA, 
Treacher DF, Turner RC. Homeostasis model assessment: 
insulin resistance and beta-cell function from fasting plasma 
glucose and insulin concentrations in man. Diabetologia 
1985, 28: 412-419. 

22.	De Pergola G, Ciampolillo A, Paolotti S, Trerotoli P, 
Giorgino R. Free triiodothyronine and thyroid stimulating 
hormone are directly associated with waist circumference, 
independently of insulin resistance, metabolic parameters 
and blood pressure in overweight and obese women. Clin 
Endocrinol 2007; 67: 265-269. 

23.	Ayturk S, Gursoy A, Kut A, Anil C, Nar A, Tutuncu NB. 
Metabolic syndrome and its components are associated with 
increased thyroid volume and nodule prevalence in a mild-
to-moderate iodine-deficient area. Eur J Endocrinol 2009; 
161: 599-605. 

24.	 Tarcin O, Abanonu GB, Yazici D, Tarcin O. Association of 
metabolic syndrome parameters with TT3 and FT3/FT4 
ratio in obese Turkish population. Metab Syndr Relat Dis-
ord 2012; 10: 137-142.

25.	Huang X, Zhang X, Zhou X, Han X,  Fu Z,  Li Y, Ji L. 
Prevalence of Thyroid Dysfunction in a Chinese Population 
with Different Glucose Intolerance Status: A Community-
Based Cross-Sectional Study. Diabetes Metab Syndr Obes 
2020; 13: 4361–4368.

26.	Demidova T, Galieva OR. The role of thyroid hypofunction 
in development of metabolic syndrome. Ter Arkh 2009; 81 
(4): 69-73.

27.	Eckel RH, SM Grundy, PZ Zimmet. The metabolic syn-
drome. Lancet 2005; 365: 1415-1428.

28.	Aksoy N, Yeler MT, Ayan NN, Ozkeskin A, Ozkan Z, 
Serin NO. Association between thyroid hormone levels and 
insulin resistance and body mass index. Pak J Med Sci 2015; 
31: 1417–1420. 

29.	Racataianu N, Leach N, Bondor CI, Marza S, Moga D. 
Thyroid disorders in obese patients. Does insulin resistance 
make a difference? Arch Endocrinol Metab 2017; 61: 575-
583.

30.	Lekakis J, Papamichael C, Alevizaki M. Flow-mediated, 
endothelium-dependent vasodilatation is impaired in sub-
jects with hypothyroidism, borderline hypothyroidism, and 
high normal serum thyrotrophic (TSH) values.  Thyroid 
1997; 7: 411–414.

31.	Santos MI, Limbert C, Marques FC, Rosario F, Lopes L. 
Childhood obesity, thyroid function, and insulin resistance 
– is there a link? A longitudinal study. J Pediatr Endocrinol 
Metab 2015; 28: 557–562. 

32.	Geloneze B, Vasques ACJ, Stabe CFC. HOMA1-IR and 
HOMA2-IR indexes in identifying insulin resistance and 
metabolic syndrome-Brazilian metabolic syndrome study 
(BRAMS). Arq Bras Endocrinol Metabol 2009; 53:281-
287.

33.	Freedland ES. Role of a critical visceral adipose tissue 
threshold (CVATT) in metabolic syndrome: implications 



Progress in Nutrition 2021; Vol. 23, N. 1: e2021088 11

for controlling dietary carbohydrates: a review. Nutr Metab 
(Lond) 2004; 1:12. 

34.	Weisberg SP, McCann D, Desai M. Obesity is associated 
with macrophage accumulation in adipose tissue. J Clin In-
vest 2003; 112: 1796-1808.  

35.	Vyakaranam S, Vanaparthy S, Nori S, Palarapu S, Bhongir 
AV. Study of insulin resistance in subclinical hypothyroid-
ism. Int J Health Sci Res 2014; 4: 147–153. 

36.	 Feldt-Rasmussen U. Thyroid and leptin. Thyroid 2007; 17: 
413-419.

37.	Sari R, Balci MK, Altunbas H, Karayalcin U. The effect of 
body weight and weight loss on thyroid volume and function 
in obese women. Clin Endocrinol (Oxf ) 2003; 59: 258-262.

38.	Xu R, Huang F, Zhang S, Lv Y, Liu Q. Thyroid function, 
body mass index, and metabolic risk markers in euthyroid 
adults: a cohort study. BMC Endocrine Disorders 2019; 
19:58

39.	Roef G, Lapauw B, Goemaere S.  Body composition and 
metabolic parameters are associated with variation in thy-
roid hormone levels among euthyroid young men. Eur J 
Endocrinol 2012; 167: 719-726.

40.	Bakker SJ, ter Maaten JC, Popp-Snijders C, Heine RJ, Gans 
RO. Triiodothyronine: a link between the insulin resistance 
syndrome and blood pressure? J Hypertens 1999; 17:1725–
1730.

41.	Shin JA, Mo EY, Kim ES, Moon SD, Han JH. Associa-
tion between lower normal free thyroxine concentrations 
and obesity phenotype in healthy euthyroid subjects. Int J 
Endocrinol 2014; 2014:104318.

42.	Roos A, Bakker SJL, Links TP, Gans ROB, Wolffenbuttel 
BHR. Thyroid function is associated with components of 
the metabolic syndrome in euthyroid subjects. J Clin Endo-
crinol Metab 2007; 92: 491-496. 

43.	Kavitha G, Nageshwari A. Prevalence of metabolic syn-
drome in euthyroid patients in Perambalur District. IAIM 
2019; 6: 36-40

 Correspondence
Manal Abdulaziz Binobead
Department of Food Science & Nutrition
College of Food Science & Agriculture
King Saud University
Riyadh, Saudi Arabia.
Email: mbinobead@ksu.edu.sa


