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ABSTRACT 

 

The prevalence of diabetes has nearly doubled since 1980, mounting from 4.7% to 8.5% in overall adult population. 

Thyroid disorder is another common endocrine disorder with prevalence of hypothyroidism as much as 4.6% and 

hyperthyroidism as much as 1.3% in population according to the National Health and Nutrition Examination Survey. 

These two most common endocrinopathies often co-exist and mutually influence each other. They have complex 

links of abnormal biochemical pathways, unregulated genetic expression of many genes and hormonal malfunctions. 

Thyroid hormones affects the regulation of carbohydrate metabolism, lipid metabolism and pancreatic function, and 

on the other hand, diabetes affects thyroid function tests to variable extents. In this review article we emphasized the 

epidemiology of diabetes and thyroid disorders, classification of thyroidism, and finally the impact of thyroidism to 

the various aspects of glucose and lipid metabolism in diabetics. 
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Introduction 

 

 

Diabetes mellitus (DM) and thyroid disorders (TD) are 

the two most common endocrine disorders, which often 

co-exist and mutually influence each other. A large 

number of studies have reported the association 

between DM and TD [1-5], and evidenced a range of 

complex links between biochemical, genetic and 

hormonal malfunction sex planning their patho- 

physiological association [5-7]. In 1927, Coller and 

Huggins proved the association of hyperthyroidism and 

deterioration of diabetes and found that the subtotal 

thyroidectomy improves glucose tolerance in patients 

with hyperthyroidism with coexisting diabetes [8]. The 

role of autoimmunity in the progression of TD has been 

observed among the people with type 1 diabetes 

mellitus (T1DM) and autoimmune thyroid disease [9].  
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A relationship between thyroid dysfunction and type 2 

diabetes mellitus (T2DM) has also been suggested, but 

the possible underlying mechanisms are complicated 

[10]. The most probable mechanism for development 

of T2DM in patients with thyroid dysfunction could be 

due to disturbed genetic expression of many genes 

along with physiological abnormalities leading to 

impaired glucose utilization by the muscles, increased 

hepatic glucose output, and increased glucose 

absorption from intestine [5]. These endocrinopathies 

impact each other in various ways. Thyroid hormones 

(TH) contribute to the regulation of carbohydrate 

metabolism and pancreatic function, and on the 

contrary, diabetes affects thyroid function tests to 

variable extents [4]. Altered plasma triiodothyronine 

(T3) and thyroxine (T4) levels have been observed in 

diabetic patients with poor glycemic control [11]. To 

understand the interaction of DM and TD, the 

association of Hashimoto’s thyroiditis 

(Hypothyroidism) and Graves’ disease (thyroid over-

activity) has been investigated in reference to DM. The 

importance of hyperinsulinemia/insulin resistance, in 

thyroid cell proliferation, which manifested as 

increased thyroid volume and nodule have been also 

observed [12-14].  
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Epidemiology 

An estimated 422 million adults were living with 

diabetes in 2014 worldwide, as compared to 108 

million in 1980. The over-all prevalence of diabetes 

has nearly doubled since 1980, escalating from 4.7% to 

8.5% in the adult population. In last decade, diabetes 

prevalence has increased more rapidly in low and 

middle-income countries than in high-income countries 

[15-16].  

As per 2017, National Diabetes Statistics Report, 30.3 

million Americans (9.4% of the population), had 

diabetes in 2015. Out of the 29.1 million, 23.1 million 

were diagnosed and 7.2 million were undiagnosed. The 

highest proportion of diabetes (diagnosed and 

undiagnosed), 25.2% (in total 12 million), still belongs 

to the Americans at par the age of 65. As per 

estimation in 2015, 84.1 million Americans (33.9%) 

adults with age 18 and older had prediabetes [17-18]. 

Thyroid disorder is another common endocrinopathy 

with variable prevalence [1]. Wang and Crapo in 1997 

mentioned that as many as 50% of people in the 

community have microscopic nodules, 3.5% have 

occult papillary carcinoma, 15% have palpable goiters, 

10% exhibit an abnormal thyroid-stimulating hormone 

(TSH) level and 5% of women have overt 

hypothyroidism or hyperthyroidism [19].  

Long back in 1977, Wickham survey reveals that the 

prevalence of thyroid dysfunction in male adults in 

England was 6.6% [20]. According to Colorado 

prevalence study, 9.5% of participants were found to 

have elevated TSH, while 2.2% had a low TSH [2]. 

According to the National Health and Nutrition 

Examination Survey (NHANES III Study), 

hypothyroidism and hyperthyroidism were reported in 

4.6% and 1.3% of the total participants, respectively 

[21].  

As per Framingham study, the observed prevalence of 

thyroid deficiency was 4.4%, evidenced by elevated 

serum TSH level in unselected population of elderly 

men and women (overt 60 years of age). The observed 

prevalence of thyroid deficiency in women was 5.9% 

more than men which was 2.3% [22]. As per NHANES 

III Study, the percentage of subjects with high serum 

thyroperoxidase antibodies (TPOAb) and thyroglobulin 

antibodies (TGAb) concentrations increases with age in 

both men and women [21]. The high concentrations of 

TPOAb and TGAb were more prevalent in women than 

in men and less predominant in blacks than in other 

ethnic groups [21]. As per Perros et al., the prevalence 

of thyroid dysfunction is increasing with age all over 

the world, and the frequency of prevalence was higher 

in women than men [23].The prevalence of palpable 

thyroid nodules in two non-biased population based 

studies, Framingham and Whickham, was 4.2 and 

3.2%, respectively [20, 23, 24]. In Germany, thyroid 

nodules or goiter were found in 33% of 96,278 

working adults aged 18-65 years screened by an 

ultrasound scan [25]. 

The overall prevalence of thyroid disease in diabetics 

was reported to be 13.4%, and was highest in T1DM 

females (31.4%) and lowest in T2DM males (6.9%) 

[23]. NHANES III study reported a higher prevalence 

of thyroid disease in diabetic subjects as compared to 

nondiabetics [21]. As per Greek study, the prevalence 

of thyroid dysfunction among T2DM was reported to 

be 12.3% with higher proportions in females than 

males [26]. A Saudi study of thyroid dysfunction 

among T2DM reported the prevalence of 16%, but the 

sample size was very limited [27]. A study from Jordan 

reported that thyroid dysfunction was present in 12.5% 

T2DM patients [28].  

A recent population-based prospective cohort study 

conducted by Chaker et al. on 8452 participants to 

access thyroid function, who were free of diabetes at 

baseline reported that associated risk of developing 

diabetes was 1.09 times higher for every doubling of 

TSH levels mIU/L. Within the normal range, the risk of 

diabetes was 1.16 times higher with higher TSH levels. 

In participants with prediabetes, the associated risk of 

developing diabetes was 1.13 times higher for every 

doubling of TSH levels. Considerably, T2DM patients 

were more prone to thyroid disorders [1]. 

The prevalence of subclinical hypothyroidism (SCH) 

was reported to be about 4 to 8.5%, and can reach up to 

20% in elderly women (over 60 years of age). In 

general population, the prevalence of SCH was 

reported to be approximately 2% [31] and in T2DM 

population about 10.2% [29-31]. As per NHANES III 

study, the prevalence of SCH in white, non-Hispanic 

women was reported to be 5.8% and 3.4% in men; 

while among blacks, non-Hispanic women 1.2% and 

1.8% in men; further more in Mexican-American 

women and men it was 5.3% and 2.4% 

respectively [21]. Han et al. observed that the T2DM 

was associated with a 1.93 fold increase in risk of 

SCH. They observed that gender difference, old age, 

and an apparent geographic disparity were related to 

the prevalence of SCH in T2DM [31]. Among T2DM 

population, the women had 1.7 times higher prevalence 

of SCH than men and elderly T2DM (over 60 years of 

age) and were reported to experience SCH associated 

risks more frequently [31].  

Thyroid hormone and Classification of Thyroid 

Disorders 

Thyroglobulin and iodine are required for synthesis of 

monoiodotyrosine and diiodotyrosine, which are 

precursors for triiodothyronine (T3) and thyroxine 

(T4). The T4 is synthesized only in the thyroid, which 
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is inversely controlled by pituitary gland hormone 

TSH, while 80% of T3 can be produced by 

deiodination of T4 in specific tissues. The T3 have 10-

times higher affinity than T4 on nuclear thyroid 

receptor proteins and further these receptor proteins 

activate the transcription and translation of growth 

hormone (GH), thyrotropin-releasing hormone (TRH), 

malic enzyme, myosin, calcium channel and so on [32-

33]. 

The functional behavior of the thyroid hormones are 

fundamental in majority of the thyroid diseases and 

clinical states; reflecting normal, excessive or defective 

levels of thyroid hormones. Altered hormone levels are 

the basis of classification. Thyroid function tests 

(TFTs) are used in diagnosing hypothyroidism or 

hyperthyroidism in symptomatic patients. However, the 

interpretation of TFTs needs to be put in perspective as 

TFTs may reflect on non-thyroid pathology, such as 

hypothalamic or pituitary disease [32-34].  

Euthyroidism means normal production of thyroid 

hormone (TH) by the thyroid, normal circulating and 

intracellular level of TH. Euthyroidism have normal 

TSH and free T4 (FT4) or TBG [33-35]. 

Hyperthyroidism means clinical symptomatology due 

to excessive circulating and intracellular TH. If the TH 

are produced by the thyroid in excess due to thyroid 

gland hyper-function, it is known as hyperthyroidism. 

If the excess level of TH is due to excess secretion 

rather than production without thyroid gland hyper-

function, the condition is called thyrotoxicosis. Patients 

with hyperthyroidism have low or undetectable TSH 

and increased levels of FT4 or decreased TBG [33-35]. 

The term subclinical hyperthyroidism (SCH) describes 

a condition with low TSH level and normal serum 

concentration of FT4 or TBG. SCH has the same 

causes as overt hyperthyroidism [33-35]. 

Hypothyroidism is almost always due to the lack of TH 

production and inadequate replacement therapy. 

Patients with primary hypothyroidism have increased 

TSH concentration (as a result of the body’s attempt to 

produce more TH), and low serum concentration of 

FT4 or increased TBG [33-35]. 

Effect on Glucose Metabolism 

Chaker et al. has recently reported that hypothyroidism 

is associated with an increased risk of diabetes. Further 

they also described that pre-diabetics with 

hypothyroidism are at greater risk for progression to 

diabetes than pre-diabetics with euthyroid or 

hyperthyroid state [1]. Gronich et al. and Thvilum et 

al. also reported increased risk of diabetes in 

hypothyroid individuals [36-37]. While the Danish 

study by Brandt et al. reported opposite results, that an 

increased risk of diabetes in hyperthyroid individuals 

[38]. However, there are several factors that could 

explain these differences, like variance in the mean 

age, possible iodine status of the studied population 

and misclassification as Brandt et al. have not included 

laboratory measurements of thyroid function [1].  

The relationship between hypothyroidism and the risk 

of diabetes can be explained by alteration of many 

pathways.TH is a major regulator of metabolism and 

energy expenditure. TH is directly involved in the 

control of insulin secretion and influences plasma 

glucose levels, insulin sensitivity, and carbohydrate 

metabolism by interacting to the liver, white adipose 

tissue, skeletal muscle, and pancreas [4, 39-40]. TH has 

been observed to preserve beta-cell viability and 

proliferation as well [41-42]. 

Glucose metabolism is affected via several 

mechanisms in hypothyroidism. It is observed that 

there is a reduced rate of liver glucose production via 

gluconeogenesis and glycogenolysis in patients with 

hypothyroidism [42]. Leong et al. reported that 

repeated hypoglycemic episodes are the presenting 

signs for the development of hypothyroidism in T1DM 

and replacement with TH reduces these episodes [43]. 

The hypothyroidism down-regulates the plasma 

membrane glucose transporters and premature insulin 

degradation [44-45]. The hypothyroidism and SCH 

have been recognized as insulin resistant states [46-47]. 

Studies have shown that this is due to impaired insulin 

stimulated glucose utilization in peripheral tissues [46-

47]. Treatment of hypothyroidism has been revealed to 

restore insulin sensitivity and the secretion of 

glucoregulatory hormones [6, 48]. The 

hyperthyroidism is associated with insulin resistance 

but this high and high-normal thyroid functions are 

protective to progression of diabetes as the 

hyperthyroidism causes increased insulin secretion [41, 

49-51]. In vitro studies suggest that T3 and Thyroid 

Receptor alfa (TRα) promote proliferation of 

pancreatic islet cell. T3 also stimulates the islet 

transcription factor Mafa, which contributes to the 

transition of islets to glucose-responsive insulin-

secreting cells, which further improves the insulin 

secretion in presence of higher free T3 in prediabetics 

[50-51]. Studies suggest that during hyperthyroidism 

the release of insulin precursors increases but they are 

inactive form and due to that insulin degradation rate 

increases and the half-life of insulin is reduced [52-53]. 

The above mentioned hypothesis was supported by 

Bech et al., as they observed the increased proinsulin 

levels in response to a meal in untreated Graves’ 

disease [54]. Other studies reported that untreated 

hyperthyroidism were associated with a reduced C-

peptide to proinsulin ratio and suggested an underlying 

defect in proinsulin processing [55]. It was also 

observed that hyperthyroidism and high-fat diet result 



 
Asian Pac. J. Health Sci., 2017; 4(3): 253-262                                          e-ISSN: 2349-0659,   p-ISSN: 2350-0964                         
____________________________________________________________________________________________________________________________________________  

 ____________________________________________________________________________________________________________________________________________ 

Mishra et al.                          ASIAN PACIFIC JOURNAL OF HEALTH SCIENCES, 2017; 4(3):253-262 

www.apjhs.com                256 
 

in significant impairment of islet function [56]. 

Fazacappa et al. suggested that physiological T3 

concentration prevents islet deterioration and maintains 

islet structure, size, and consistency [57]. Hence, it can 

be deduced that if the T3 concentration is within 

normal range it helps to maintain the islet structure, 

proliferation, and secretion of active insulin, while 

augmented T3 level overwhelms the islet cells, which 

causes improper proliferation and secretion of inactive 

insulin. 

Hyperthyroidism causes increased liver 

gluconeogenesis and peripheral insulin resistance and 

is associated with glucose intolerance [58-59]. The 

non-oxidative glucose disposal enhanced during 

hyperthyroidism results in an over-production of 

lactate that further promotes hepatic gluconeogenesis 

[60]. It has been observed that elevated T3 stimulates 

gluconeogenesis, as treatment of T3 on hepatocytes up-

regulates the gene expression of gluconeogenesis 

enzyme phosphoenolpyruvate carboxykinase (PEPCK) 

via upregulation of TRβ and CCAAT enhancer binding 

protein [61-62]. These upregulations were resistant to 

insulin suppression of hepatic glucose production 

compared with euthyroid [62-63]. Augmented T4 

increases the transport of alanine to liver and increases 

gluconeogenesis [64]. TH also induces the synthesis of 

hepatocyte glucose transporter-2 (GLUT-2), which 

consequently increases hepatic glucose output and 

causes abnormal glucose metabolism [65-66]. 

The hepatic insulin resistance is mediated by 

sympathetic stimulation. The administration of T3 to 

the hypothalamic paraventricular nucleus increases 

glucose production via sympathetic input to the liver 

through interaction with the sympathetic nervous 

system, showing that the T3 effect was central [67]. 

Further, hyperthyroidism associated with release of 

growth hormone, glucagon, and catecholamine, which 

also contributes to the impaired glucose tolerance [68-

69]. Another mechanism explaining the relationship 

between hyperthyroidism and hyperglycemia is 

increase in intestinal glucose absorption mediated by 

the excess TH [70-71]. 

Lipid Metabolism 

TH affect lipoprotein metabolism. It has been observed 

that even in euthyroid state, the increased TSH level 

within the normal range causes an increase in total 

cholesterol (TC), low-density lipoprotein cholesterol 

(LDL-C), and triglycerides (TGs) and a decrease in 

high-density lipoprotein cholesterol (HDL-C) [72-73]. 

TH up-regulates the cholesterol synthesizing 3-

hydroxy-3-methyl glutaryl coenzyme A (HMG-CoA) 

reductase and LDL receptor gene expression through 

sterol regulatory element-binding protein-2 (SREBP-2) 

and via direct binding of T3 to specific thyroid 

response elements (TREs) [74]. TH can also affect the 

HDL-C metabolism by increasing cholesteryl ester 

transfer protein (CETP) activity, which exchanges 

cholesteryl esters from HDL2 to very low density 

lipoproteins (VLDL) and TGs from VLDL to HDL2 

[75]. TH stimulates the lipoprotein lipase (LPL) via 

reducing the expression of angioprotein-like 3 

(ANGPTL3), a potent LPL inhibitor. Over expression 

of ANGPTL3 significantly enhances TC, non-esterified 

fatty acid and TGs [76], while TH treatment reduced 

ANGPTL3 mRNA expression through TRβ and 

improves the condition [77-78].  

TH up-regulates the gene expression of APOA5 

(apolipoprotein A-V) and further the ApoA5 protein, 

which have been associated with decreased levels of 

TGs [78-79]. Patients with mutation of APOA5 

manifest markedly reduced plasma LPL activity and 

hypertriglyceridemia [80]. Moreover, ApoA5 causes a 

greater clearance of lipoprotein remnants by increased 

hepatic uptake due to enhanced LDL receptor activity 

[78-79]. 

In hypothyroidism, the decreased thyroid function is 

accompanied by reduced activity of HMG-CoA 

reductase and increased serum TC, LDL-C, remnants 

of VLDL, Chylomicron (CM), oxi-LDL, ApoB [81-

82], while TG, HDL-C, and VLDL are normal or 

slightly increased [83-85]. In hypothyroidism, TH 

decreases the LDL receptor expression and cholesterol 

absorption overshadow the effects of decreased hepatic 

cholesterol biosynthesis, leading to high serum levels 

of LDL-C, IDL-C, and TC levels [86]. 

Patients with hypothyroidism usually have higher 

LDL-C, leading to increased oxidized (oxi)-LDL. Oxi-

LDLs are taken up by macrophages in the arterial walls 

to produce foam cells, and become a risk factor for 

atherosclerosis. The high levels of oxi-LDL are 

reversible with levothyroxine (L-T4) treatment [87]. 

Moreover, a decrease in LPL activity due to over 

expression of LPL inhibitor ANGPTL3 had been 

observed in hypothyroidism, which decreases the 

clearance of TG-rich lipoproteins and presented with 

elevated levels of VLDL and occasionally fasting 

chylomicronemia [88-89]. Hypothyroid patients were 

also observed to exhibit elevated levels of HDL-C, 

especially HDL2 due to reduced hepatic lipase (HL) 

activity which reduces the HDL2 catabolism to HDL3 

[84, 90]. Hypothyroidism also inhibits the transcription 

of the apolipoprotein A1 (APOA1) gene, but the 

decreased activity of HL results in slower clearance of 

Apo A-1 protein, thus leading to increased Apo-A1 

levels. Human studies show that Apo A-1 levels are 

decreased in hyperthyroidism and increased in 

hypothyroidism, whereas Apo A-2 levels are not 

influenced by either hyperthyroidism or 
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hypothyroidism [90-91]. Further, decreased activity of 

the CETP results in reduced transfer of cholesteryl 

esters from HDL to VLDL, thus increasing HDL-C 

levels [92]. Studies showed that lipoprotein (a) [Lp(a)] 

levels are increased in patients with hypothyroidism 

and decrease after levothyroxine (L-T4) treatment. The 

mechanism may be related to the decreased clearance 

of Lp(a) mediated by the LDL-R degradation pathway 

[23]. ApoB levels are higher in both overt and SCH 

and have been shown to decrease after L-T4 treatment 

[93-94]. The lipid abnormalities in overt 

hypothyroidism are reversible with L-T4 therapy 

unless the patient has underlying hyperlipidemia [95]. 

SCH is associated with increased levels of TC and 

LDL-C [96-99]. In addition, some studies have shown 

that SCH-induced dyslipidemia may also be 

accompanied by increased TGs [100-101] and 

decreased HDL-C levels [102]. Moreover, subjects 

with high normal TSH levels (2-4 mIU/L), but with 

positive TPOAb and TgAb may also exhibit elevated 

cholesterol levels [103]. Most studies have shown 

increased Lp(a) levels related to SCH [104-105]. An 

interesting study evaluated serum Lp(a) levels along 

with corresponding APOA phenotypes, which are 

known to influence Lp(a) levels, in SCH patients [106]. 

There is some controversy regarding the presence or 

the severity of SCH-induced dyslipidemia. Indeed, 

there have been studies indicating no significant 

difference in lipid profile between SCH patients and 

controls [89,107]. In hyperthyroidism, serum levels of 

total cholesterol, LDL-C and HDL-C are decreased and 

oxi-LDL levels are increased [108]. In hyperthyroid 

condition, TGs level showed either no change or 

decrease [90, 109], partly, due to T3 down regulation 

of ANGPTL3 and stimulates PLP, leading to 

hydrolysis of TGs. Then, T3-mediated LDLR 

stimulation dramatically increases clearing capacity for 

LDL-C [76]. The reason for the mild hyper-

triglyceridemia is unclear. Lipolysis is augmented in 

hyperthyroidism with elevation of free fatty acids 

(FFA) in plasma, but hepatic lipogenesis is also 

augmented due to increased FFA flux from adipose 

tissue to the liver [82]. This increased lipolysis 

resulting in an increase in FFA that stimulates hepatic 

gluconeogenesis. The increased release of FFA could 

partially be explained by an enhanced catecholamine 

stimulated lipolysis induced by the excess TH [110]. 

 

Conclusion 

 

Thyroid dysfunction and diabetes are closely 

associated with each other and characterized by a 

complex interaction. Insulin resistance states may 

increase thyroid gland nodularity. Uncontrolled 

hyperthyroidism in diabetes may trigger hyperglycemic 

emergencies while recurrent hypoglycemic episodes 

may exist in diabetic patients with hypothyroidism thus 

complicating diabetes management. Low and low-

normal thyroid function also related to an increased 

risk of diabetes.In individuals with prediabetes and low 

and low-normal thyroid function, the risk of 

progression to diabetes more prominent. SCH is more 

prevalent in T2DM patients and that SCH may confer 

greater risk of diabetic complications. Furthermore, 

thyroid hormones also alter carbohydrate and lipid 

metabolism. Biochemical screening for thyroid 

dysfunction is critical in all dyslipidemic patients, as 

well as all patients with unexpected improvement or 

worsening of their lipid profile. Subsequent studies 

could address possible screening and treatment 

modalities for both diabetes and thyroid dysfunction. It 

is therefore important to diagnose thyroid dysfunction 

in diabetic patients and this practice should be 

inculcated in diabetic care. So, it’s important for 

clinicians to identify the diabetic patients who are at 

risk for developing thyroid disorder and control the 

thyroid anomalies to reduce the chances of further 

complications. 

 

References 

 

1. Chaker L, Ligthart S, Korevaar TI, Hofman 

A, Franco OH, Peeters RP, Dehghan A. Thyroid 

function and risk of type 2 diabetes: a population-

based prospective cohort study. BMC Med 2016; 

14: 150. 

2. Canaris GJ, Manowitz NR, Mayor G, Ridgway 

EC. The Colorado thyroid disease prevalence 

study. Arch Intern Med 2000; 160: 526-534. 

3. Gray RS, Irvine WJ, Clarke BF. Screening for 

thyroid dysfunction in diabetics. Br Med J 1979; 2: 

1439. 

4. Hage M, Zantout MS, Azar ST. Thyroid disorders 

and diabetes mellitus. J Thyroid Res 2011; 

439463. 

5. Wang C. The Relationship between Type 2 

Diabetes Mellitus and Related Thyroid Diseases. J 

Diabetes Res 2013: 390534. 

6. Brenta G, Danzi S, Klein I. Potential therapeutic 

applications of thyroid hormone analogs. Nat Clin 

Pract Endocrinol Metab 2007; 3: 632-640. 

7. Lanni A, Moreno M, Goglia F. Mitochondrial 

Actions of Thyroid Hormone. Compr Physiol 

2016; 6: 1591-1607. 

8. Coller FA, Huggins CB. Effect of hyperthyroidism 

upon diabetes mellitus: striking improvement in 

diabetes mellitus from thyroidectomy. Ann Surg 

1927; 86: 877-884. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ligthart%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27686165
https://www.ncbi.nlm.nih.gov/pubmed/?term=Korevaar%20TI%5BAuthor%5D&cauthor=true&cauthor_uid=27686165
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hofman%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27686165
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hofman%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27686165
https://www.ncbi.nlm.nih.gov/pubmed/?term=Franco%20OH%5BAuthor%5D&cauthor=true&cauthor_uid=27686165
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peeters%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=27686165
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dehghan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27686165
https://www.ncbi.nlm.nih.gov/pubmed/27686165
https://www.ncbi.nlm.nih.gov/pubmed/21785689
https://www.ncbi.nlm.nih.gov/pubmed/21785689
https://www.ncbi.nlm.nih.gov/pubmed/23671867
https://www.ncbi.nlm.nih.gov/pubmed/23671867
https://www.ncbi.nlm.nih.gov/pubmed/27783852
https://www.ncbi.nlm.nih.gov/pubmed/27783852


 
Asian Pac. J. Health Sci., 2017; 4(3): 253-262                                          e-ISSN: 2349-0659,   p-ISSN: 2350-0964                         
____________________________________________________________________________________________________________________________________________  

 ____________________________________________________________________________________________________________________________________________ 

Mishra et al.                          ASIAN PACIFIC JOURNAL OF HEALTH SCIENCES, 2017; 4(3):253-262 

www.apjhs.com                258 
 

9. Shun CB, Donaghue KC, Phelan H, Twigg SM, 

Craig ME. Thyroid autoimmunity in Type 1 

diabetes: systematic review and meta-analysis. 

Diabet Med 2014; 31: 126-135. 

10. Crunkhorn S, Patti ME. Links between thyroid 

hormone action, oxidative metabolism, and 

diabetes risk? Thyroid 2008; 18: 227-237. 

11. Saunders J, Hall SE, Sönksen PH. Thyroid 

hormones in insulin requiring diabetes before and 

after treatment. Diabetologia 1978; 15: 29-32. 

12. Yasar HY, Ertugrul O, Ertugrul B, Ertugrul D, 

Sahin M. Insulin resistance in nodular thyroid 

disease. Endocr Res 2011; 36: 167-174. 

13. Anil C, Akkurt A, Ayturk S, Kut A, Gursoy A. 

Impaired glucose metabolism is a risk factor for 

increased thyroid volume and nodule prevalence in 

a mild-to-moderate iodine deficient area.  

Metabolism 2013; 62: 970-975. 

14. Rezzónico J, Rezzónico M, Pusiol E, Pitoia 

F, Niepomniszcze H. Metformin treatment for 

small benign thyroid nodules in patients with 

insulin resistance. Metab Syndr Relat Disord 2011; 

9: 69-75. 

15. World Health Organization (WHO). Global report 

on diabetes. Geneva, 2016. 

16. Roglic G. WHO Global report on diabetes: A 

summary. Int J Non-Commun Dis 2016; 1: 3-8. 

17. Centers for Disease Control and Prevention. 

National Diabetes Statistics Report, 2017. Atlanta, 

GA: Centers for Disease Control and Prevention, 

U.S. Dept of Health and Human Services; 2017. 

18. Statistics About Diabetes: American Diabetes 

Association http://www.diabetes.org/diabetes-

basics/statistics/ 

19. Wang C, Crapo LM. The epidemiology 

of thyroid disease and implications for screening. 

Endocrinol Metab Clin North Am 1997; 26: 189-

218. 

20. Tunbridge WM, Evered DC, Hall R, Appleton 

D, Brewis M, Clark F, Evans JG, Young E, Bird 

T, Smith PA. The spectrum of thyroid disease in a 

community: the Whickham survey. Clin 

Endocrinol (Oxf) 1977: 7: 481-493. 

21. Hollowell JG, Staehling NW, Flanders 

WD, Hannon WH, Gunter EW, Spencer 

CA, Braverman LE. Serum TSH, T4, and thyroid 

antibodies in the United States population (1988 to 

1994): National Health and Nutrition Examination 

Survey (NHANES III). J Clin Endocrinol 

Metab 2002; 87: 489-499. 

22. Sawin CT, Castelli WP, Hershman JM, McNamara 

P, Bacharach P. The aging thyroid. Thyroid 

deficiency in the Framingham Study. Arch Intern 

Med 1985; 145: 1386-1388. 

23. Perros P, McCrimmon RJ, Shaw G, Frier BM. 

Frequency of thyroid dysfunction in diabetic 

patients: value of annual screening. Diabet Med 

1995; 12: 622-627. 

24.  Ross DS. Nonpalpable thyroid nodules: managing 

an epidemic. J Clin Endocrinol Metab 2002; 87: 

1938-1940. 

25. Reiners C, Wegscheider K, Schicha H, Theissen 

P, Vaupel R, Wrbitzky R, Schumm-Draeger PM. 

Prevalence of thyroid disorders in the working 

population of Germany: ultrasonography screening 

in 96,278 unselected employees. Thyroid 2004; 

14: 926-932. 

26. Papazafiropoulou A, Sotiropoulos A, Kokolaki 

A, Kardara M, Stamataki P, Pappas S. Prevalence 

of thyroid dysfunction among Greek Type 2 

diabetic patients attending an outpatient clinic. J 

Clin Med Res 2010; 2: 75-78. 

27. Akbar DH, Ahmed MM, Al-Mughales J. Thyroid 

dysfunction and thyroid autoimmunity in Saudi 

type 2 diabetics. Acta Diabetol 2006; 43: 14-18. 

28. Radaideh AR, Nusier MK, Amari FL, Bateiha 

AE, El-Khateeb MS, Naser AS, Ajlouni KM. 

Thyroid dysfunction in patients with type 2 

diabetes mellitus in Jordan. Saudi Med J 2004; 25: 

1046-1050. 

29. Rivolta G, Cerutti R, Colombo R, Miano G, 

Dionisio P, Grossi E. Prevalence of subclinical 

hypothyroidism in a population living in the Milan 

metropolitan area. J Endocrinol Invest 1999; 22: 

693-697. 

30. Meng F, Zhao R, Liu P, Liu L, Liu S. Assessment 

of iodine status in children, adults, pregnant 

women and lactating women in iodine-replete 

areas of China. PLoS One 2013; 8: e81294. 

31. Han C, He X, Xia X, Li Y, Shi X, Shan Z, Teng 

W. Subclinical Hypothyroidism and Type 2 

Diabetes: A Systematic Review and Meta-

Analysis. PLoS One 2015; 10: e0135233. 

32. Monaco F. 

Classification of thyroid diseases: suggestions for 

a revision. J Clin Endocrinol Metab 2003; 88: 

1428-1432. 

33. Helfand M, Redfern CC. Clinical guideline, part 2. 

Screening for thyroid disease: an update. 

American College of Physicians. Ann Intern Med 

1998; 129: 144-158. 

34. Pinto A, Glick M. Management of patients with 

thyroid disease: oral health considerations. J Am 

Dent Assoc 2002; 133: 849-858. 

35. O’Reilly DS. Thyroid function tests-time for 

reassessment. BMJ 2000; 320: 1332-1334. 

36. Gronich N, Deftereos SN, Lavi I, Persidis AS, 

Abernethy DR, Rennert G. Hypothyroidism is a 

https://www.ncbi.nlm.nih.gov/pubmed/21128816
https://www.ncbi.nlm.nih.gov/pubmed/21128816
https://www.ncbi.nlm.nih.gov/pubmed/21128816
http://www.diabetes.org/diabetes-basics/statistics/
http://www.diabetes.org/diabetes-basics/statistics/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20C%5BAuthor%5D&cauthor=true&cauthor_uid=9074859
https://www.ncbi.nlm.nih.gov/pubmed/?term=Crapo%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=9074859
https://www.ncbi.nlm.nih.gov/pubmed/9074859
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sawin%20CT%5BAuthor%5D&cauthor=true&cauthor_uid=4026469
https://www.ncbi.nlm.nih.gov/pubmed/?term=Castelli%20WP%5BAuthor%5D&cauthor=true&cauthor_uid=4026469
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hershman%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=4026469
https://www.ncbi.nlm.nih.gov/pubmed/?term=McNamara%20P%5BAuthor%5D&cauthor=true&cauthor_uid=4026469
https://www.ncbi.nlm.nih.gov/pubmed/?term=McNamara%20P%5BAuthor%5D&cauthor=true&cauthor_uid=4026469
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bacharach%20P%5BAuthor%5D&cauthor=true&cauthor_uid=4026469
https://www.ncbi.nlm.nih.gov/pubmed/4026469
https://www.ncbi.nlm.nih.gov/pubmed/4026469
https://www.ncbi.nlm.nih.gov/pubmed/?term=Radaideh%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=15322596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nusier%20MK%5BAuthor%5D&cauthor=true&cauthor_uid=15322596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Amari%20FL%5BAuthor%5D&cauthor=true&cauthor_uid=15322596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bateiha%20AE%5BAuthor%5D&cauthor=true&cauthor_uid=15322596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bateiha%20AE%5BAuthor%5D&cauthor=true&cauthor_uid=15322596
https://www.ncbi.nlm.nih.gov/pubmed/?term=El-Khateeb%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=15322596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Naser%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=15322596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ajlouni%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=15322596


 
Asian Pac. J. Health Sci., 2017; 4(3): 253-262                                          e-ISSN: 2349-0659,   p-ISSN: 2350-0964                         
____________________________________________________________________________________________________________________________________________  

 ____________________________________________________________________________________________________________________________________________ 

Mishra et al.                          ASIAN PACIFIC JOURNAL OF HEALTH SCIENCES, 2017; 4(3):253-262 

www.apjhs.com                259 
 

risk factor for new-onset diabetes mellitus: a 

cohort study. Diabetes Care 2015; 38:1657-1664. 

37. Thvilum M, Brandt F, Almind D, Christensen K, 

Brix TH, Hegedüs L. Type and extent of somatic 

morbidity before and after the diagnosis of 

hypothyroidism. A nationwide register study. 

PLoS One 2013; 8: e7578. 

38. Brandt F, Thvilum M, Almind D, Christensen K, 

Green A, Hegedüs L, Brix TH. Morbidity before 

and after the diagnosis of hyperthyroidism: a 

nationwide register-based study. PLoS One 2013; 

8: e66711. 

39. Mullur R, Liu YY, Brent GA. Thyroid Hormone 

Regulation of Metabolism. Physiol Rev 2014; 94: 

355-382. 

40. Bertrand C, Blanchet E, Pessemesse L, Annicotte 

JS, Feillet-Coudray C, Chabi B, Levin J, Fajas L, 

Cabello G, Wrutniak-Cabello C, Casas F. Mice 

lacking the p43 mitochondrial T3 receptor become 

glucose intolerant and insulin resistant during 

aging. PLoS One 2013; 8: e75111. 

41. VergaFalzacappa C, Panacchia L, Bucci B, 

Stigliano A, Cavallo MG, Brunetti E, Toscano V, 

Misiti S. 3,5,3’-triiodothyronine (T3) is a survival 

factor for pancreatic beta-cells undergoing 

apoptosis. J Cell Physiol 2006; 206: 309-321. 

42. VergaFalzacappa C, Mangialardo C, Raffa S, 

Mancuso A, Piergrossi P, Moriggi G, Piro S, 

Stigliano A, Torrisi MR, Brunetti E, Toscano 

V, Misiti S. The thyroid hormone T3 improves 

function and survival of rat pancreatic islets during 

in vitro culture. Islets 2010; 2: 96-103. 

43. Leong KS, Wallymahmed M, Wilding 

J, MacFarlane I.Clinical presentation of thyroid 

dysfunction and Addison’s disease in young adults 

with type 1 diabetes. Postgrad Med J 1999; 75: 

467-470. 

44. Maratou E, Hadjidakis DJ, Kollias A, Tsegka K, 

Peppa M, Alevizaki M, Mitrou P, Lambadiari V, 

Boutati E, Nikzas D, Tountas N, Economopoulos 

T, Raptis SA, Dimitriadis G. Studies of insulin 

resistance in patients with clinical and subclinical 

hypothyroidism. Eur J Endocrinol 2009; 160: 785-

790. 

45. Visser WE, Heemstra KA, Swagemakers SM, 

Ozgur Z, Corssmit EP, Burggraaf J, van Ijcken 

WF, van der Spek PJ, Smit JW, Visser TJ. 

Physiological thyroid hormone levels regulate 

numerous skeletal muscle transcripts. J Clin 

Endocrinol Metab 2009; 94: 3487-3496. 

46. Dimitriadis G, Mitrou P, Lambadiari V, Boutati E, 

Maratou E, Panagiotakos DB, Koukkou E, Tzanela 

M, Thalassinos N, Raptis SA. Insulin action in 

adipose tissue and muscle in hypothyroidism. J 

Clin Endocrinol Metab 2006; 91: 4930-4937. 

47.  B UU, Mn S, Km S, Prashant A, Doddamani P, 

Sv S. Effect of insulin resistance in assessing 

the clinical outcome 

of clinical and subclinical hypothyroid patients. J 

Clin Diagn Res 2015; 9: OC01-4. 

48. Stanicka S, Vondra K, Pelikanova T, Vlcek P, Hill 

M, Zamrazil V. Insulin sensitivity and counter-

regulatory hormones in hypothyroidism and during 

thyroid hormone replacement therapy. Clin Chem 

Lab Med 2005; 43: 715-720. 

49. Shen DC, Davidson MB. Hyperthyroid Graves’ 

disease causes insulin antagonism. J Clin 

Endocrinol Metab 1985; 60: 1038-1041.  

50. Furuya F, Shimura H, Yamashita S, Endo T, 

Kobayashi T. Liganded thyroid hormone receptor-

alpha enhances proliferation of pancreatic beta-

cells. J Biol Chem 2010; 285: 24477-24486. 

51. Oda T, Taneichi H, Takahashi K, Togashi H, 

Hangai M, Nakagawa R, Ono M, Matsui M, Sasai 

T, Nagasawa K, Honma H, Kajiwara T, Takahashi 

Y, Takebe N, Ishigaki Y, Satoh J. Positive 

association of free triiodothyronine with pancreatic 

beta-cell function in people with prediabetes. 

Diabet Med 2015; 32: 213-221. 

52. O'Meara NM, Blackman JD, Sturis J, Polonsky 

KS. Alterations in the kinetics of C-peptide and 

insulin secretion in hyperthyroidism. J Clin 

Endocrinol Metab 1993; 76: 79-84. 

53. G. Dimitriadis, B. Baker, H. Marsh Mandarino 

L, Rizza R, Bergman R, Haymond M, Gerich J. 

Effect of thyroid hormone excess on action, 

secretion, and metabolism of insulin in humans. 

Am J Physiol 1985; 248: E593-601. 

54. Bech K, Damsbo P, Eldrup E, Beck-Nielsen 

H, Røder ME, Hartling SG, Vølund A, Madsbad 

S.β-Cell function and glucose and lipid oxidation 

in Graves’ disease. Clin Endocrinol (Oxf) 1996; 

44: 59-66. 

55. Beer SF, Parr JH, Temple RC, Hales CN. The 

effect of thyroid disease on proinsulin and C-

peptide levels. Clin Endocrinol (Oxf) 1989; 30: 

379-383. 

56. Fukuchi M, Shimabukuro M, Shimajiri Y, Oshiro 

Y, Higa M, Akamine H, Komiya I, Takasu N. 

Evidence for a deficient pancreatic beta-cell 

response in a rat model of hyperthyroidism. Life 

Sci 2002; 71: 1059-1070. 

57. VergaFalzacappa C, Mangialardo C, Madaro L, 

Ranieri D, Lupoi L, Stigliano A, Torrisi 

MR, Bouche M, Toscano V, Misiti S. Thyroid 

hormone T3 counteracts STZ induced diabetes in 

mouse. PloS One 2011; 6: e19839. 

https://www.ncbi.nlm.nih.gov/pubmed/25859477
https://www.ncbi.nlm.nih.gov/pubmed/25859477
https://www.ncbi.nlm.nih.gov/pubmed/25859477


 
Asian Pac. J. Health Sci., 2017; 4(3): 253-262                                          e-ISSN: 2349-0659,   p-ISSN: 2350-0964                         
____________________________________________________________________________________________________________________________________________  

 ____________________________________________________________________________________________________________________________________________ 

Mishra et al.                          ASIAN PACIFIC JOURNAL OF HEALTH SCIENCES, 2017; 4(3):253-262 

www.apjhs.com                260 
 

58. Mitrou P, Raptis SA, Dimitriadis G. Insulin action 

in hyperthyroidism: a focus on muscle and adipose 

tissue. Endocr Rev 2010; 31: 663-679. 

59. Feng X, Jiang Y, Meltzer P, Yen PM. Thyroid 

hormone regulation of hepatic genes in vivo 

detected by complementary DNA microarray. Mol 

Endocrinol 2000; 14: 947-955. 

60. Sestoft L, Christensen NJ, Saltin B. Responses of 

glucose and glucoregulatory hormones to exercise 

in thyrotoxic and myxoedematous patients before 

and after 3 months of 

treatment. Clin Sci (Lond) 1991; 81: 91-99. 

61. Comte B, Vidal H, Laville M, Riou JP. Influence 

of thyroid hormones on gluconeogenesis from 

glycerol in rat hepatocytes: a dose-response study. 

Metabolism 1990; 39: 259-263. 

62. Park EA, Song S, Vinson C, Roesler WJ. Role of 

CCAAT enhancer-binding protein beta in the 

thyroid hormone and cAMP induction of 

phosphoenolpyruvate carboxykinase gene 

transcription. J Biol Chem 1999; 274: 211-217. 

63. Klieverik LP, Sauerwein HP, Ackermans MT, 

Boelen A, Kalsbeek A, Fliers E. Effects of 

thyrotoxicosis and selective hepatic autonomic 

denervation on hepatic glucose metabolism in rats. 

Am J Physiol Endocrinol Metab 2008; 294: E513-

E520. 

64. Singh SP, Snyder AK. Effect of thyrotoxicosis on 

gluconeogenesis from alanine in the 

perfused rat liver. Endocrinology 1978; 102: 182-

187. 

65. Kemp HF, Hundal HS, Taylor PM. Glucose 

transport correlates with GLUT2 abundance in rat 

liver during altered thyroid status. Mol Cell 

Endocrinol 1997; 128: 97-102. 

66. Mokuno T, Uchimura K, Hayashi R, Hayakawa 

N, Makino M, Nagata M, Kakizawa H, Sawai 

Y, Kotake M, Oda N, Nakai A, Nagasaka A, Itoh 

M. Glucose transporter 2 concentrations in hyper- 

and hypothyroid rat livers. J Endocrinol 1999; 160: 

285-289. 

67. Klieverik LP, Janssen SF, van Riel A, Foppen E, 

Bisschop PH, Serlie MJ, Boelen A, Ackermans 

MT, Sauerwein HP, Fliers E, Kalsbeek A. Thyroid 

hormone modulates glucose production via a 

sympathetic pathway from the hypothalamic 

paraventricular nucleus to the liver. Proc Natl 

Acad Sci USA 2009; 106: 5966-5971. 

68. Miki N, Ono M, Hizuka N, Aoki T, Demura H. 

Thyroid hormone modulation of the hypothalamic 

growth hormone (GH) releasing factor-pituitary 

GH axis in the rat. J Clin Invest 1992; 90: 113-

120. 

69. Tosi F, Moghetti P, Castello R, Negri C, Bonora 

E, Muggeo M. Early changes in plasma glucagon 

and growth hormone response to oral glucose in 

experimental hyperthyroidism. Metabolism 1996; 

45: 1029-1033. 

70. Olaleye SB, Elegbe RA. Catecholamines 

potentiate the effect of thyroid hormone 

on intestinal absorption of glucose in the rat. Afr J 

Med Med Sci 2005; 34: 177-183. 

71. Orihuela D. Inhibitory effect of aluminium on 

calcium absorption in small intestine of rats with 

different thyroid hormone status. J Inorg Biochem 

2009; 103: 1542-1547. 

72. Rizos CV, Elisaf MS, Liberopoulos EN. Effects of 

Thyroid Dysfunction on Lipid Profile. Open 

Cardiovasc Med J 2011; 5: 76-84. 

73. Asvold BO, Bjøro T, Nilsen TI, Gunnell D, Vatten 

LJ. Thyrotropin levels and risk of fatal coronary 

heart disease: the HUNT study. Arch Intern Med 

2008; 168: 855-860. 

74. Shin DJ, Osborne TF. Thyroid hormone regulation 

and cholesterol metabolism are connected through 

Sterol Regulatory Element Binding Protein-2 

(SREBP-2). J Biol Chem 2003; 278: 34114-34118. 

75. Lagrost L. Regulation of cholesteryl ester transfer 

protein (CETP) activity: review of in vitro and in 

vivo studies. Biochim Biophys Acta 1994; 1215: 

209-236. 

76. Korstanje R, Eriksson P, Samnegård A, Olsson 

PG, Forsman-Semb K, Sen S, Churchill 

GA, Rollins J, Harris S, Hamsten A, Paigen B. 

Locating Ath8, a locus for murine atherosclerosis 

susceptibility and testing several of its candidate 

genes in mice and humans. Atherosclerosis 2004; 

177: 443-450. 

77. Fugier  C,  Tousaint  JJ,  Prieur  X,  Plateroti  M,  

Samarut  J,  Delerive  P. The lipoprotein lipase 

inhibitor ANGPTL3 is negatively regulated by 

thyroid hormone. J Biol Chem 2006; 281: 11553-

11559. 

78. Jin T, Teng X. Update on Lipid Metabolism and 

Thyroid Disorders. J Endocrinol Diabetes Obes 

2014; 2: 1043. 

79. Van den Berg SA, Heemskerk MM, Geerling JJ, 

van Klinken JB, Schaap FG, Bijland S, Berbée JF, 

van Harmelen VJ, Pronk AC, Schreurs 

M, Havekes LM, Rensen PC, van Dijk KW. 

Apolipoprotein A5 deficiency aggravates high-fat 

diet-induced obesity due to impaired central 

regulation of food intake. FASEB J 2013; 27: 

3354-3362. 

80. Calandra S, Priore Oliva C, Tarugi P, Bertolini S. 

APOA5 and triglyceride metabolism, lesson from 

https://www.ncbi.nlm.nih.gov/pubmed/16749344
https://www.ncbi.nlm.nih.gov/pubmed/16749344
https://www.ncbi.nlm.nih.gov/pubmed/16749344
https://www.ncbi.nlm.nih.gov/pubmed/19733399
https://www.ncbi.nlm.nih.gov/pubmed/19733399
https://www.ncbi.nlm.nih.gov/pubmed/19733399
https://www.ncbi.nlm.nih.gov/pubmed/18443261
https://www.ncbi.nlm.nih.gov/pubmed/18443261
https://www.ncbi.nlm.nih.gov/pubmed/23650188
https://www.ncbi.nlm.nih.gov/pubmed/23650188
https://www.ncbi.nlm.nih.gov/pubmed/23650188


 
Asian Pac. J. Health Sci., 2017; 4(3): 253-262                                          e-ISSN: 2349-0659,   p-ISSN: 2350-0964                         
____________________________________________________________________________________________________________________________________________  

 ____________________________________________________________________________________________________________________________________________ 

Mishra et al.                          ASIAN PACIFIC JOURNAL OF HEALTH SCIENCES, 2017; 4(3):253-262 

www.apjhs.com                261 
 

human APOA5 deficiency. Curr Opin 

Lipidol 2006; 17: 122-127. 

81. Pearce EN. Update in lipid alterations in 

subclinical hypothyroidism. J Clin Endocrinol 

Metab 2012; 97: 326-333. 

82. Duntas LH, Brenta G. The effect of thyroid 

disorders on lipid levels and metabolism. Med Clin 

North Am 2012; 96: 269-281. 

83. Mullur R, Liu YY, Brent GA. Thyroid hormone 

regulation of metabolism. Physiol Rev 2014; 94: 

355-382. 

84. Pearce EN, Wilson PW, Yang Q, Vasan RS, 

Braverman LE. Thyroid function and lipid 

subparticle sizes in patients with short-term 

hypothyroidism and a population-based cohort. J 

Clin Endocrinol Metab 2008; 93: 888-894. 

85. Abbas JM, Chakraborty J, Akanji AO, Doi SA. 

Hypothyroidism results in small dense LDL 

independent of IRS traits and 

hypertriglyceridemia. Endocr J 2008; 55: 381-389. 

86. Gälman C, Bonde Y, Matasconi M, Angelin B, 

Rudling M. Dramatically increased intestinal 

absorption of cholesterol following hypo 

physectomy is normalized by thyroid hormone. 

Gastroenterology 2008; 134: 1127-1136. 

87. Duntas LH, Mantzou E, Koutras DA. Circulating 

levels of oxidized low density lipoprotein in overt 

and mild hypothyroidism. Thyroid 2002; 12: 1003-

1007. 

88. Teixeira Pde F, Reuters VS, Ferreira MM, 

Almeida CP, Reis FA, Buescu A, Costa AJ, 

Vaisman M. Lipid profile in different degrees of 

hypothyroidism and effects of levothyroxine 

replacement in mild thyroid failure. Transl Res 

2008; 151: 224-231. 

89. Lee WY, Suh JY, Rhee EJ, Park JS, Sung KC, 

Kim SW. Plasma CRP, apolipoprotein A-1, 

apolipoprotein B and Lp(a) levels according to 

thyroid function status. Arch Med Res 2004; 35: 

540-545. 

90. Tan KC, Shiu SW, Kung AW. Effect of thyroid 

dysfunction on high density lipoprotein 

subfraction metabolism: roles of hepatic lipase and 

cholesteryl ester transfer protein. J Clin Endocrinol 

Metab 1998; 83: 2921-2924. 

91. O’Brien T, Katz K, Hodge D, Nguyen TT, Kottke 

BA, Hay ID. The effect of the treatment of 

hypothyroidism and hyperthyroidism on plasma 

lipids and apolipoproteins AI, AII and E. Clin 

Endocrinol (Oxf) 1997;46: 17-20. 

92. Dullaart RP, Hoogenberg K, Groener JE, 

Dikkeschei LD, Erkelens DW, Doorenbos H. The 

activity of cholesteryl ester transfer protein is 

decreased in hypothyroidism: a possible 

contribution to alterations in high-density 

lipoproteins. Eur J Clin Invest 1990; 20: 581-587. 

93. Monzani F, Caraccio N, Kozakowa M, Dardano A, 

Vittone F, Virdia A, Taddei S, Palombo 

C, Ferrannini E. Effect of levothyroxine 

replacement on lipid profile and intima-media 

thickness in subclinical hypothyroidism: a double-

blind, placebo-controlled study. J Clin Endocrinol 

Metab 2004; 89: 2099-2106. 

94. Pérez A, Cubero JM, Sucunza N, Ortega E, 

Arcelús R, Rodriguez-Espinosa J, Ordoñez-Llanos 

J, Blanco-Vaca F. Emerging cardiovascular risk 

factors in subclinical hypothyroidism: lack of 

change after restoration of euthyroidism. 

Metabolism 2004; 53: 1512-1515. 

95. Lithell H, Boberg J, Hellsing K, Ljunghall S, 

Lundgvist G, Vessby B, Wide L. Serum 

lipoprotein and apolipoprotein concentrations and 

tissue lipoprotein-lipase activity in overt and 

subclinical hypothyroidism: the effect of 

substitution therapy. Eur J Clin Invest 1981; 11: 3-

10. 

96. Erem C. Blood coagulation, fibrinolytic activity 

and lipid profile in subclinical thyroid disease: 

subclinical hyperthyroidism increases plasma 

factor X activity. Clin Endocrinol (Oxf) 2006; 64: 

323-329. 

97. Duman D, Demirtunc R, Sahin S, Esertas K. The 

effects of simvastatin and levothyroxine on intima-

media thickness of the carotid artery in female 

normolipemic patients with subclinical 

hypothyroidism: a prospective, randomized-

controlled study. J Cardiovasc Med (Hagerstown) 

2007; 8: 1007-1011. 

98. Gao CX, Yang B, Guo Q, Wei LH, Tian LM.High 

thyroid-stimulating hormone level 

is associated with the risk of developing 

atherosclerosis in subclinical hypothyroidism. 

Horm Metab Res 2015; 47: 220-224. 

99. Walsh JP, Bremner AP, Bulsara MK, O'leary P, 

Leedman PJ, Feddema P, Michelangeli V. Thyroid 

dysfunction and serum lipids: a community-based 

study. Clin Endocrinol (Oxf) 2005; 63: 670-675. 

100.  Milionis HJ, Tambaki AP, Kanioglou CN, Elisaf 

MS, Tselepis AD, Tsatsoulis A. Thyroid 

substitution therapy induces high-density 

lipoprotein-associated platelet-activating factor-

acetylhydrolase in patients with subclinical 

hypothyroidism: a potential antiatherogenic effect. 

Thyroid 2005; 15: 455-460. 

101.  Toruner F, Altinova AE, Karakoc A, Yetkin 

I, Ayvaz G, Cakir N, Arslan M.Risk factors for 

cardiovascular disease in patients with subclinical 

hypothyroidism. Adv Ther 2008; 25: 430-437. 

https://www.ncbi.nlm.nih.gov/pubmed/25372775
https://www.ncbi.nlm.nih.gov/pubmed/25372775
https://www.ncbi.nlm.nih.gov/pubmed/25372775
https://www.ncbi.nlm.nih.gov/pubmed/25372775


 
Asian Pac. J. Health Sci., 2017; 4(3): 253-262                                          e-ISSN: 2349-0659,   p-ISSN: 2350-0964                         
____________________________________________________________________________________________________________________________________________  

 ____________________________________________________________________________________________________________________________________________ 

Mishra et al.                          ASIAN PACIFIC JOURNAL OF HEALTH SCIENCES, 2017; 4(3):253-262 

www.apjhs.com                262 
 

102.  Erdem TY, Ercan M, Ugurlu S, Balci H, Acbay 

O, Gundogdu S. Plasma viscosity, an early 

cardiovascular risk factor in women with 

subclinical hypothyroidism. Clin Hemorheol 

Microcirc 2008; 38: 219-225. 

103.  Michalopoulou G, Alevizaki M, Piperingos G, 

Mitsibounas D, Mantzos E, Adamopoulos 

P, Koutras DA. High serum cholesterol levels in 

persons with 'high-normal' TSH levels: should one 

extend the definition of subclinical 

hypothyroidism? Eur J Endocrinol 1998; 138: 141-

145. 

104.  Efstathiadou Z, Bitsis S, Milionis HJ, Kukuvitis 

A, Bairaktari ET, Elisaf MS, Tsatsoulis A.Lipid 

profile in subclinical hypothyroidism: is L-

thyroxine substitution beneficial? Eur J Endocrinol 

2001; 145: 705-710. 

105.  Caraccio N, Ferrannini E, Monzani F. Lipoprotein 

profile in subclinical hypothyroidism: response to 

levothyroxine replacement, a randomized placebo-

controlled study. J Clin Endocrinol Metab 2002; 

87: 1533-1538. 

106.  Milionis HJ, Efstathiadou Z, Tselepis AD, 

Bairaktari ET, Tsironis LD, Tsatsoulis A, Elisaf 

MS.Lipoprotein (a) levels and apolipoprotein (a) 

isoform size in patients with subclinical 

hypothyroidism: effect of treatment with 

levothyroxine. Thyroid 2003; 13: 365-369. 

107.  Brenta G, Berg G, Arias P, Zago V, Schnitman 

M, Muzzio ML, Sinay I, Schreier L.Lipoprotein 

alterations, hepatic lipase activity, and insulin 

sensitivity in subclinical hypothyroidism: response 

to L-T(4) treatment. Thyroid 2007; 17: 453-460. 

108.  Azizi F, Raiszadeh F, Solati M, Etemadi A, 

Rahmani M, Arabi M. Serum paraoxonase 1 

activity is decreased in thyroid dysfunction. J 

Endocrinol Invest 2003; 26: 703-709. 

109.  Heimberg M, Olubadewo JO, Wilcox HG. Plasma 

lipoproteins and regulation of hepatic metabolism 

of fatty acids in altered thyroid states. Endocr Rev 

1985; 6: 590-607. 

110.  Vaughan M. An in vitro effect of triiodothyronine 

on rat adipose tissue. J Clin Invest1967; 46: 1482-

1491. 

 

 

Source of Support: Nil                        

Conflict of Interest: Nil 

 


