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 We studied the parameters of lipid and carbohydrate metabolism, the level 

of thyroid hormones in men in Iraq with disorders of the hormonal 

functions of the pancreas and thyroid glands, obtained in the clinical 

laboratory of the Diwaniyah Teaching Hospital Laboratory (Diwaniya, 

Iraq) in 118 male patients with established diagnoses of type 2 diabetes 

mellitus (T2DM), hypothyroidism, T2DM + hypothyroidism, 

hyperthyroidism, as well as in males without hormonal pathology (control). 

The age of the patients was 38 - 42 years old. When studying lipid 

metabolism disorders in males with shifts in thyroid status, T2DM and a 

combination of T2DM + hypothyroidism, it was found that in the group 

with hyperthyroidism, lipid metabolism indicators are close to those in the 

control group, however, those correlations between changes in individual 

indicators that are characteristic of the control group are not revealed. In 

groups of hypothyroidism or T2DM, most of the correlations between 

indicators are also lost, which, obviously, leads to lipid imbalance in these 

groups. When hypothyroidism is combined with T2DM, deviations of lipid 

metabolism indicators from those in the control group are practically 

absent, however, the spectrum of metabolic relationships changes 

significantly and new mechanisms for maintaining homeostasis are formed, 

as evidenced by the emergence of close correlations between changes in 

individual indicators of not only lipid metabolism, but also thyroid 

hormones. The study of laboratory parameters using correlation and 

discriminatory analysis showed that with combined pathology, metabolic 

flows in the cell are dysregulated, lipid status changes, new correlations are 

formed between thyroid hormones and lipid metabolism parameters. It was 

found that the main contribution to the formation of a new state of 

metabolic balance is made by changes in the level of T4, LDL and 

cholesterol, which, together with the changes in the content of HDL and 

triglycerides, caused by them, affect other indicators of thyroid and lipid 

status. Obviously, when assessing metabolic disorders caused by hormonal 

imbalance in T2DM + hypothyroidism, it is necessary to assess both the 

content of individual components of lipid metabolism and thyroid status, 

and the presence of a relationship between them. Correlation and 

discriminatory analysis of the data makes it possible to identify the leading 

factors that make the most significant contribution to the formation of a 
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new state of metabolic balance with a combination of thyroid dysfunction 

and T2DM. 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Currently, there is a significant increase in the number of patients with hormonal disorders around the world 

[1- 3]. The constant consumption of high-calorie foods with a predominance of saturated fat in the diet, 

obesity, lack of physical activity have caused an epidemic of T2DM, which, according to forecasts, will affect 

about 300 million people worldwide by 2020. The percentage of patients with diabetes since 1980 has doubled 

from 4.7% to 8.5% by 2020. In the United States, this indicator now reaches 14% of the total adult population 

[4]. T2DM prevalence in Arab countries poses a serious problem [5], [6]. The second place in frequency 

belongs to thyroid dysfunction, and quite often diabetes and thyroid dysfunction occur together [7- 10]. 

Thyroid dysfunction occurs in the general population on average in 6.6% of cases, and the prevalence of 

thyroid disease among patients with diabetes is, according to various sources, from 10.8% to 17.5% [11- 15]. 

Thyroid disease among patients with diabetes is more frequently in women (31.4%) than in men (6.9%) [16]. 

At the same time, hypothyroidism was observed in 11.4% - 15.1% of patients with T2DM, and 

hyperthyroidism - only in 1.5% - 3.5% of cases [17- 19]. Other studies have shown that the prevalence of 

thyroid dysfunction increases with an increase in the percentage of glycated hemoglobin [20]. This suggests 

that poor glycemic control may play a role in causing thyroid dysfunction in diabetic patients [21], [47- 62]. 

 

Thyroid hormones stimulate most metabolic pathways and can have both anabolic and catabolic effects. 

Thyroid hormones have a pronounced effect on the regulation of glucose metabolism, changing the levels of 

insulin and antagonist hormones in the blood, the flow of glucose from the intestine into the blood, the 

breakdown of glycogen in the liver and its consumption by peripheral, primarily adipose and muscle, tissues 

[22]. Stimulating not only gluconeogenesis in the liver, but also insulin-dependent glucose transport into 

muscle and adipose tissue, thyroid hormones have a direct effect on gene transcription in the liver and 

indirectly through the central sympathetic pathway, and thus enhance the production of glucose by the liver 

[4], [8], [23]. 

 

The occurrence of insulin resistance in hypothyroidism is also associated with a decrease in the effect of leptin 

on the hypothalamus, a deterioration in the supply of glucose from the blood to the tissues, an increase in the 

level of circulating free fatty acids [24], [25]. On the other hand, in hypothyroidism, inhibition of 

gluconeogenesis, leading to a decrease in glucose cleavage from glycogen molecules in the liver, is to some 

extent compensated by insufficient utilization of glucose by muscles and other peripheral tissues [4], [26], 

[27]. T2DM affects thyroid function by controlling the release of TSH at the level of the hypothalamus and 

regulating the conversion of T4 to T3 in peripheral tissues [28], [29]. In patients with T2DM, the release of 

TSH may decrease under the stimulating effect of thyroliberin, which is due to inhibition of the conversion 

of T4 to T3. A significant correlation was found between the concentration of HbA1c and the level of TSH 

[30], [31]. It has been suggested that thyroid hormone modulators may affect the effectiveness of therapy in 

T2DM [32]. 

 

Female gender, old age, obesity, the need for hospitalization are risk factors for the development of 

hypothyroidism in type 2 diabetes [33- 36]. The pleiotropic effects of thyroid hormones in different tissues 
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indicate the need for an individualized approach in prescribing the optimal treatment for each patient [4], 

[11], [28], [37], [38]. The link between T2DM and thyroid dysfunction is not yet sufficiently explored, but 

studying it may help in understanding the various symptoms of metabolic syndrome, including 

atherosclerosis, hypertension, and associated cardiovascular disease [4], [11]. 

 

We have studied the parameters of lipid and carbohydrate metabolism and thyroid status in patients in Iraq, 

where overweight and the incidence of non-insulin dependent diabetes is a serious problem for people over 

30 years old, not only for women, but also for men. The aim of this study was a comparative analysis of the 

indicators of lipid and carbohydrate metabolism, the level of thyroid hormones in men in Iraq with disorders 

of the hormonal functions of the pancreas and thyroid glands. 

 

2. MATERIALS AND METHODS 

The work analyzed the data of laboratory analyzes of lipid and carbohydrate metabolism parameters, as well 

as thyroid hormones obtained in the clinical laboratory Diwaniyah Teaching Hospital Laboratory (Diwaniya, 

Iraq) in 118 men (males) with established diagnoses of T2DM (first group – 23 men), hypothyroidism (second 

group – 21 men), a combination of T2DM + hypothyroidism (third group – 25 men), as well as 

hyperthyroidism (fourth group – 22 men). As a comparison group, similar laboratory data were used in men 

without hormonal pathology (fifth group – contingent control, 27 men). The age of the subjects was 42 (38 / 

45.8) years in the first group, 38 (34/43) years in the second, 44 (40/48) years in the third, 40 (35.8 / 43.2) 

years in the fourth and 38 (31 /40.8) years in the fifth group of patients. 

 

The content of total cholesterol (Chol), triglycerides (Tri), low-density lipoproteins (LDL), high-density 

lipoproteins (HDL), glucose and glycated hemoglobin (HbA1c) were determined in venous blood plasma 

using kits for chemical analysis "Ruby" on a modular analyzer Cobas 6000 (Roche Diagnostics, Switzerland) 

using a biochemical module (Modular P800, Cobas 501). Determination of the level of thyroid hormones 

(TSH, T4 and T3) in the blood of patients was carried out by the method of enzyme immunoassay using kits 

for the analysis of hormones "Mini Vidas" on a modular analyzer Cobas 6000 using an immunoassay module 

(Modular E170, Cobas 601) ("Roche Diagnostics", Switzerland). 

 

Statistical processing of the data was performed using the Kruskal-Wallis nonparametric analysis of variance. 

Quantitative results are presented as median, lower and upper quartiles. A p-value <0.05 was considered 

statistically significant (Bootrstap t-test). To determine the relationship, the method of correlation analysis 

was used to determine the correlation coefficient r and the significance of the difference p. The assessment 

of the influence of individual factors was carried out using a discriminatory analysis [39]. 

 

3. FINDINGS AND DISCUSSION 

The studies have shown that the blood glucose level in patients of all studied groups did not differ 

significantly, however, a very large scatter of the values of this indicator in the groups attracts attention. So, 

in the control group, min / max values differed 2.5 times. At the same time, the average values in the control 

group exceeded the normal glucose content by almost 2 times. Somewhat lower were the glucose levels in 

the groups of patients with T2DM, T2DM + hypothyroidism and hyperthyroidism. Accordingly, the 

percentage of glycated hemoglobin was close to normal values in patients with T2DM and T2DM + 

hypothyroidism, but was increased in the control group. Probably, this may show insufficient attention of 

people to the observance of restrictions on the consumption of easily digestible carbohydrates in the diet in 

the absence of a medical conclusion about the need to follow a diet. 

 

The study of lipid metabolism indicators made it possible to establish that the cholesterol level in all studied 
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groups did not significantly differ from the values in the control group (Table 1). The group with the 

established diagnosis of T2DM had lower triglyceride levels but higher HDL levels than the control group. 

 

Table 1 – Lipid Metabolism in Men with T2DM and Thyroid Dysfunction 

 T2DM Hypothyroidism 

T2DM 

+Hypothyroidism Hyperthyroidism Control 

Chol, 

mg/dl 

164  

(133/184) 

287  

(192/320) 

199  

(182/347) 

202  

(178/224) 

174  

(164/276) 

HDL, 

mg/dl 

45  

(37,5/53,5)* 

38  

(33/41)* 

31  

(30/35,2) 

32  

(29/42,2) 

33  

(31/34) 

LDL, 

mg/dl 

123  

(102/228) 

105  

(68/155) 

155  

(136/293)* 

72  

(60,8/100)* 

111  

(99,5/210) 

Tri, mg/dl 

111  

(84/160)* 

188  

(123/342) 

179  

(129/366) 

218  

(199/297) 

189  

(173/228) 

BMI 

27,9 

(24,7/32,5) 

27,6  

(23,2/29,8) 

29,5  

(25,2/32,7) – 

28,9 

(26,3/32,4) 

AI 

2,51 

(1,85/3,03)* 

6,43  

(5,47/9,06) 

5,29  

(4,18/11,2) 

5,09  

(3,8/6,65) 

4,23 

(3,95/7,73) 

*  – р<0,05 versus control 

 

Accordingly, it was in this group that the atherogenic index (AI) was 2 times lower than in the conditional 

control group. The group with hypothyroidism showed a higher HDL content and significantly higher AI 

values. At the same time, with a combination of T2DM and hypothyroidism, only the LDL content was higher, 

and in the group with hyperthyroidism it was lower than in the control group. The body mass index (BMI) 

did not differ significantly in all studied groups and was close to the upper limit of the normal values. 

 

The study of the thyroid status showed the absence of significant differences in the content of T3 and T4 in 

the groups of T2DM, hypothyroidism and T2DM + hypothyroidism, but a lower TSH content compared to 

the control (Table 2). In the group of patients with hyperthyroidism, the content of T3, T4 and especially TSH 

was higher than in the control. 

 

Table 2 – Thyroid hormone levels in men with T2DM and thyroid dysfunction 

 T2DM Hypothyroidism 

T2DM 

+Hypothyroidism Hyperthyroidism Control 

T3, 

nmol/l 

2  

(1,7/2,18) 

1,75  

(1,4/2) 

1,8  

(1,3/3,12) 

2,7  

(2,5/3,65)* 

2  

(1,22/2,1) 

T4, 

nmol/l 

91  

(82,2/103) 

90  

(77/99) 

99  

(90,5/120)* 

133  

(128/153)* 

92  

(86/96,8) 

TSH, 

mU/l 

1,2  

(1/2,15) 

0,95  

(0,6/1,1)* 1,1 (0,275/2,02)* 

3,35 

(0,73/5,82)* 

1,8  

(1,03/2,1) 

*  – р<0,05 versus control 

 

To clarify the relationship between changes in individual indicators, we carried out a correlation analysis of 

the identified deviations (Table 3). In the control group, as expected, there were positive correlations (p<0.05) 

between changes in cholesterol / LDL and TSH / T3 pairs, and a negative correlation (p<0.05) between HDL 

/ LDL. In addition, negative correlations were revealed between indicators of lipid metabolism and thyroid 

status: cholesterol / TSH and triglycerides / T4. This may be evidence of the existence of a normal regulation 
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of the relationship between different metabolic reactions in lipid metabolism and their control by thyroid 

hormones. In the hyperthyroidism group, no correlations were found between indicators, while in the 

hypothyroidism group, a negative correlation was found between changes in HDL / LDL, as in the control 

group, as well as a positive correlation between changes in triglycerides / LDL. In the T2DM group, only a 

positive triglyceride / LDL correlation was found. The situation in the group with combined hormonal 

pathology turned out to be unexpected, where close correlations were found not only between changes in 

individual indicators of lipid metabolism with each other, but also close correlations between their changes 

and changes in thyroid hormones. Apparently, this can be an indicator of the formation of new mechanisms 

for maintaining homeostasis in conditions of combined hormonal pathology and the important role of thyroid 

hormones in the establishment of a new lipid status. 

 

Table 3 -  Correlation relationships between parameters of lipid metabolism and thyroid hormones in men 

with T2DM and thyroid dysfunction 

 T2DM 

Hypo-

thyroidism 

T2DM +Hypo-

hyroidism 

Hyper-

thyroidism Control 

 r p r p r p r p r p 

TSH - T3 0,050 0,500 0,175 0,358 0,003 0,353 -0,015 0,538 0,607 0,013 

Chol - T3 -0,096 0,532 -0,381 0,174 -0,624 0,004 0,348 0,180 -0,471 0,060 

Chol - TSH -0,266 0,289 0,075 0,563 -0,256 0,276 -0,167 0,443 -0,583 0,015 

HDL - TSH -0,079 0,574 -0,019 0,656 0,461 0,048 0,244 0,350 0,414 0,094 

HDL - Chol 0,565 0,049 -0,171 0,431 -0,610 0,003 -0,457 0,149 -0,441 0,065 

LDL - T3 0,172 0,386 -0,184 0,360 -0,605 0,006 0,098 0,543 -0,345 0,175 

LDL - Chol 0,105 0,456 0,154 0,458 0,969 0,000 -0,065 0,464 0,917 0,000 

LDL - HDL -0,092 0,498 -0,760 0,007 -0,505 0,019 -0,267 0,310 -0,580 0,007 

Tri - T4 0,126 0,448 0,112 0,485 -0,576 0,006 0,153 0,447 -0,682 0,006 

Tri - Chol 0,278 0,293 0,140 0,408 0,719 0,007 0,092 0,409 0,404 0,130 

Tri - HDL -0,116 0,415 -0,588 0,062 -0,571 0,007 0,155 0,346 0,384 0,110 

Tri - LDL 0,682 0,004 0,894 0,005 0,631 0,032 0,028 0,519 0,167 0,421 

Note: p-values <0.05 are marked in bold 

 

The analysis of the coefficients of discriminatory functions makes it possible to associate the differences in 

the level of thyroid hormones with dyslipidemia in different groups of patients. It is known that the greater 

the value of the Fisher criterion (F-rem), the more significant contribution this indicator makes to the overall 

average values. According to table 4, the most significant is the effect of T4 (F-rem = 14.35), LDL (F-rem = 

12.60) and cholesterol (F-rem = 9.60). At the same time, although the values of the Fisher coefficient for 

other indicators were significantly lower, in all cases the values of the indicators showed highly significant 

discrimination between the groups. 

 

Table 4 – Results of the analysis of discriminant functions between parameters of lipid metabolism and 

thyroid hormones in men with T2DM and thyroid dysfunction 

 Wilks.lambda Partial Wilks.lambda chi-square F-rem.(4,98) p 

Chol 0.2078998 0.7184190 160.2113 9.602662 0.000001357375183 
LDL 0.2261475 0.6604503 151.6299 12.595901 0.000000026218954 
Tri 0.1897652 0.7870738 169.5207 6.627960 0.000091818654534 
HDL 0.1808798 0.8257374 174.4121 5.170450 0.000803068373223 
TSH 0.1665872 0.8965828 182.8081 2.825977 0.028835967890558 
T3 0.1624178 0.9195989 185.3935 2.142050 0.081286910936916 
T4 0.24 0.6307086 146.93 14.345199 0.000000002968478 

 

The results of the discriminatory analysis make it possible to project realizations on the plane of two principal 
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components. As can be seen from the figure, the 1st root accounts for 74% of the total variance, and the 2nd 

– 21%. The most pronounced discrepancies in data are observed between the groups of T2DM and 

hyperthyroidism, as evidenced by the largest value of the square of the Mahalonobis distance between them, 

equal to 23.13 (p <0.0001). The values of this parameter between pairs of other groups are less, but they are 

statistically significant in pairs of hyperthyroidism and control (14.62, p <0.001), hypothyroidism and 

hyperthyroidism (13.52, p <0.01), T2DM + hypothyroidism and hyperthyroidism (9.55, p <0.01), T2DM and 

hypothyroidism (8.19, p <0.01), T2DM and T2DM + hypothyroidism (6.83, p <0.01), but not significant in 

the pair T2DM and control (3.52, p> 0.05). 

 

 
Figure – Projection of the studied groups onto the plane of two principal components in men with T2DM 

and thyroid dysfunction 

 

The construction of the location on the plane of the two main components, which determine the greatest 

percentage of differences between the groups, makes it possible to visually determine the degree of difference 

between the groups and the metabolic shift vector when the action of two significant factors of hormonal 

imbalance is combined, as well as their differences from the control group. This makes it possible to determine 

the most important points regulating metabolic flows in concomitant hormonal pathology, and to purposefully 

correct shifts in metabolic pathways developing under these conditions. 

 

Analysis of the location of realizations on the plane of the two main components in the groups studied by us 

confirmed that the parameters of the T2DM group and the hyperthyroidism group are located farthest from 

each other (figure). The location of indicators in the hypothyroidism group does not differ significantly from 

the location of those in the control group. However, with a combination of T2DM + hypothyroidism, the 

indicators significantly shift not only along the first main component (which determines more than 74% of 

the total variance), but also along the second main component (which determines 21% of the total variance). 
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Apparently, this is due to the decisive contribution of the influence of thyroid hormones on lipid metabolism 

in conditions of combined deficiency of thyroid hormones with dyslipidemia developing at the background 

of T2DM. 

 

4. CONCLUSION 

When studying lipid metabolism disorders in men with shifts in thyroid status, T2DM and a combination of 

T2DM + hypothyroidism, it was found that in the group with hyperthyroidism, lipid metabolism indicators 

are close to those in the control group, but those correlations between changes in individual indicators that 

are characteristic of the group are not revealed. control. In the groups of hypothyroidism and T2DM, most of 

the correlations between indicators are also lost, which, obviously, leads to lipid imbalance in these groups. 

When hypothyroidism is combined with T2DM, there are practically no deviations of lipid metabolism 

indicators from those in the control group, however, the spectrum of metabolic relationships changes 

significantly and new mechanisms for maintaining homeostasis are formed, as evidenced by the emergence 

of close correlations between changes in individual indicators of not only lipid metabolism, but also thyroid 

hormones. 

 

The study of laboratory parameters using correlation and discriminatory analysis showed that with combined 

pathology, metabolic flows in the cell are dysregulated, lipid status changes, new correlations are formed 

between thyroid hormones and lipid metabolism indicators. It was found that the main contribution to the 

formation of a new state of metabolic balance is made by changes in the level of T4, LDL and cholesterol, 

which, together with the changes in the content of HDL and triglycerides, caused by them, affect other 

indicators of thyroid and lipid status. 

 

The clinical diagnosis of T2DM may not always be established in patients with thyroid dysfunction, and vice 

versa, the clinical signs of decompensated diabetes may not be recognized against the background of thyroid 

dysfunction [40- 43]. Obviously, when assessing metabolic disorders caused by hormonal imbalance in 

T2DM + hypothyroidism, it is necessary to assess both the content of individual components of lipid 

metabolism and thyroid status, and the presence of a relationship between them [44- 46]. Correlation and 

discriminatory analysis of the data makes it possible to identify the leading factors that make the most 

significant contribution to the formation of a new state of metabolic balance during a combination of thyroid 

dysfunction and T2DM. This can assist clinicians in identifying and personalizing the treatment of thyroid 

dysfunction in patients with T2DM. 
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