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Hormonal and Lipid Interactions in Patients with Concurrent Hypothyroidism and Type 2 Diabetes: A Focus on Prolactin and Testosterone Levels


Abstract
Objectives: This study investigates the intricate biochemical interplay and endocrine dysregulation between hypothyroidism and type 2 diabetes, focusing on the roles of prolactin and testosterone as key hormonal biomarkers in metabolic regulation. It aims to elucidate how these hormonal imbalances contribute to glucose dysregulation, lipid abnormalities, and increased cardiovascular risk associated with overall metabolic dysfunction.

Methods: A cross-sectional study was conducted on patients diagnosed with hypothyroidism, type 2 diabetes, or both. Biochemical parameters, including fasting blood sugar (FBS), postprandial blood sugar (PPBS), HbA1c, lipid profiles, prolactin, testosterone, and thyroid function tests (TSH, FT3, FT4), were analyzed. Correlation analysis was performed to determine the relationships between metabolic markers and hormonal levels.

Results: Patients with concurrent hypothyroidism and diabetes exhibited significant elevations in FBS, PPBS, HbA1c, total cholesterol, LDL-C, and triglycerides, indicating compounded metabolic dysregulation and heightened cardiovascular risk. Elevated prolactin levels correlated with metabolic stress, suggesting an adaptive endocrine response to hyperglycemia and insulin resistance. Additionally, testosterone deficiency was observed in diabetic and hypothyroid patients, reinforcing its role in metabolic syndrome-related hypogonadism. Triglycerides emerged as a key metabolic marker, showing significant correlations with glucose and thyroid parameters.

Conclusion: The interplay between prolactin, testosterone, and lipid metabolism highlights the need for a multidisciplinary approach in managing patients with coexisting hypothyroidism and diabetes. Routine endocrine evaluations focusing on these critical hormonal biomarkers, alongside lipid management strategies and targeted hormonal interventions, may enhance metabolic control and reduce long-term cardiovascular risk. Identifying prolactin, testosterone, and triglycerides as potential biomarkers could facilitate early diagnosis and personalized treatment strategies.
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Introduction
Diabetes Mellitus Type 2 (T2DM) is a chronic  endocrine metabolic disorder affecting over 135 million individuals worldwide, with prevalence expected to rise due to increasing obesity rates, sedentary lifestyles, and poor dietary habits (1). It is characterized by persistent hyperglycemia resulting from insulin resistance or inadequate insulin secretion, leading to complications such as neuropathy, nephropathy, retinopathy, and cardiovascular diseases (2). Among the comorbid conditions associated with T2DM, hypothyroidism is frequently observed, with studies reporting its prevalence in 11–12% of diabetic patients (3,4,5). Hypothyroidism, marked by insufficient thyroid hormone production, contributes to metabolic dysfunction, weight gain, and insulin resistance, which may exacerbate T2DM complications (6). Notably, both T2DM and hypothyroidism are associated with hormonal disturbances, particularly hyperprolactinemia, a condition characterized by elevated prolactin levels due to disrupted dopaminergic inhibition (7). Increased prolactin levels have been reported in T2DM patients and may contribute to insulin resistance and β-cell dysfunction (8), though some studies report conflicting findings of lower prolactin levels in these patients (9). Prolactin also plays a critical role in testosterone regulation, particularly in males, where hyperprolactinemia suppresses gonadotropin-releasing hormone (GnRH), leading to decreased luteinizing hormone (LH) and subsequent testosterone deficiency (10). Testosterone is clinically significance for metabolic homeostasis, influencing muscle mass, fat distribution, and insulin sensitivity, and low testosterone levels are frequently observed in T2DM, contributing to increased insulin resistance, central obesity, and cardiovascular risk (11). Given the interplay between prolactin and testosterone, their interactions in the context of concurrent T2DM and hypothyroidism remain poorly understood. Additionally, both conditions are linked to dyslipidemia, characterized by increased triglycerides, elevated low-density lipoprotein (LDL), and reduced high-density lipoprotein (HDL), which further exacerbates cardiovascular risk (12). Hyperprolactinemia has been associated with worsened lipid profiles, while low testosterone levels correlate with increased adiposity and metabolic syndrome (13). Despite the clinical relevance, there is limited research on prolactin and testosterone dynamics in patients with concurrent T2DM and hypothyroidism. Furthermore, Bromocriptine, a dopamine agonist that reduces prolactin secretion, has been FDA-approved for glucose control in T2DM, indicating a potential therapeutic role for prolactin modulation in metabolic disorders (14). This study aims to evaluate prolactin, testosterone, and lipid profiles in male patients with T2DM, hypothyroidism, and both conditions concurrently, providing insights into their interactions and potential implications for screening, diagnosis, and management. By focusing on male patients, this study ensures a more accurate hormonal assessment, minimizing the effects of gender-based physiological variations. Understanding these hormonal and metabolic alterations may contribute to improved patient care, early detection of endocrine imbalances, and targeted therapeutic plan  to mitigate complications associated with these chronic disorders.
Materials and Methods
Study Design and Participants
This prospective observational study was conducted to evaluate thyroid function in individuals with diabetes, with participants recruited from the Outpatient Department (OPD) and inpatient wards of ESIC Model Hospital, Rajajinagar, Bangalore-10, between 2014 and 2015. The study included 200 male adults, divided into four groups: healthy, age-matched, normoglycemic, and euthyroid controls (n=50); patients with subclinical hypothyroidism without type 2 diabetes mellitus (T2DM) (n=50); patients with T2DM without hypothyroidism (n=50); and patients diagnosed with both conditions (n=50). Relevant clinical history was recorded, and all participants underwent a thorough clinical examination to assess their metabolic and endocrine status [15]. Female subjects were excluded due to significant variations in testosterone levels, along with individuals having conditions affecting prolactin and testosterone levels, secondary causes of hypothyroidism, severe diabetic complications such as myocardial infarction and cerebrovascular accidents, or those on medications influencing hormonal and lipid profiles [16]. The study was conducted in compliance with ethical guidelines, with institutional ethics committee approval obtained under Approval number 532/l/11/12/Ethics/ESICMC&PGIMSR/ESTT.,Vol-III, dated 27/11/2014, in accordance with the Helsinki Declaration [17]. Additionally, informed consent was obtained from all participants to ensure adherence to international research ethical standards [18].
Sample collection
After a 12-hour overnight fast, 5 mL of venous blood was collected under aseptic conditions into a plain Vacutainer for serum separation, while an additional 2 mL was collected into an EDTA-containing Vacutainer for glycosylated hemoglobin (HbA1c) analysis. The samples were immediately centrifuged at 2500 RCF for 15 minutes to obtain serum and plasma for biochemical assessment. Fasting blood glucose (FBG) was measured using an enzymatic glucose oxidase-peroxidase method, while HbA1c levels were determined via high-performance liquid chromatography (HPLC). Thyroid function tests, including Thyroid-Stimulating Hormone (TSH), Free T3 (FT3), and Free T4 (FT4), were analyzed using standardized chemiluminescent immunoassays to ensure accuracy and reproducibility. Quality control measures were implemented to maintain analytical precision, and all procedures adhered to standard laboratory protocols [19]. 
Biochemical assays
Blood Glucose Profile
The blood glucose profile is a crucial diagnostic tool for monitoring glucose metabolism and diagnosing conditions such as diabetes mellitus. It includes fasting blood glucose (FBG), postprandial blood glucose (PPBG), and glycated hemoglobin (HbA1c) levels, each providing insights into different aspects of glycemic control. FBG reflects basal glucose homeostasis, while PPBG assesses the body's response to a glucose challenge. HbA1c, measured using ion-exchange HPLC, represents the average blood glucose levels over the past 8–12 weeks and is a key marker for long-term glycemic control [20]. The hexokinase method, widely used in autoanalyzers like COBAS INTEGRA-400 PLUS, is a highly specific enzymatic assay for blood glucose estimation, where glucose is phosphorylated by hexokinase, followed by oxidation of glucose-6-phosphate, leading to the generation of NADPH, which is quantified spectrophotometrically at 340 nm [21]. Regular assessment of blood glucose and HbA1c is essential for diagnosing, managing, and preventing diabetes-related complications.
Lipid Profile Test
The lipid profile test is a comprehensive assessment of lipid metabolism, crucial for evaluating cardiovascular risk and metabolic disorders. It includes total cholesterol, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and triglycerides (TGs). Total cholesterol is measured using the cholesterol oxidase-phenol aminoantipyrine (CHOD-PAP) method, where cholesterol esters are hydrolyzed, oxidized, and quantified based on the formation of a red quinoneimine dye at 520 nm [22]. HDL-C is estimated after precipitating chylomicrons, very-low-density lipoprotein (VLDL), and LDL, leaving only HDL in the supernatant for enzymatic analysis [23,24]. Triglycerides are hydrolyzed into glycerol and fatty acids, with glycerol undergoing a series of enzymatic reactions leading to the formation of a red quinoneimine dye measured at 512 nm . LDL-C is commonly calculated using the Friedewald formula: LDL-C = Total Cholesterol – HDL-C – (TGs/5), provided TGs are ≤ 400 mg/dL [25]. These parameters are critical in diagnosing dyslipidemia, monitoring therapeutic interventions, and predicting cardiovascular disease risk.
Thyroid Function Test (TFT)
Thyroid function tests, including Free T3, Free T4, and TSH, were quantitatively analyzed using the Access-2 Autoanalyzer (Beckman Coulter) based on standardized immunoenzymatic assay protocols. Free T3 and Free T4 levels were measured using a competitive binding enzyme immunoassay, with a detection range of 1.4–4.2 pg/mL for Free T3 and 0.8–2.0 ng/dL for Free T4, where luminescence intensity was inversely proportional to hormone concentration [26]. TSH was quantified using a two-site sandwich immunoassay, with a detection range of 0.4–4.0 µIU/mL, where luminescence intensity was directly proportional to TSH levels [27]. The assays were calibrated using Bio-Rad Immunoassay Plus Controls (Levels 1, 2, and 3), ensuring accuracy through internal quality control checks with a coefficient of variation (CV) below 5% [28]. All procedures adhered to manufacturer guidelines and clinical laboratory standards for thyroid function assessment.
Prolactin Estimation
Prolactin levels were quantified using the Access 2 Autoanalyzer (Beckman Coulter) based on a one-step immunoenzymatic assay. The test utilizes paramagnetic particles coated with mouse monoclonal anti-prolactin antibody and a goat anti-prolactin alkaline phosphatase conjugate, forming a sandwich immunoassay where luminescence intensity is directly proportional to prolactin concentration [29]. The assay was calibrated using Access Prolactin Calibrators (ranging from 0 to 200 ng/mL) and validated through Bio-Rad Immunoassay Plus Controls (Levels 1, 2, and 3) [30]. The test followed stringent quality control measures with both internal and external validation protocols, ensuring reproducibility and accuracy within the reference ranges for males (2.64–13.13 μg/L) and females (<50 years: 3.34–26.72 μg/L; >50 years: 2.74–19.64 μg/L) [31]. All reagents, including Lumi-Phos 530 substrate, wash buffers, and sample diluents, were used according to manufacturer guidelines to maintain assay precision.
Testosterone Estimation
Testosterone levels were quantified using the Access 2 Autoanalyzer (Beckman Coulter) based on a competitive binding immunoenzymatic assay. The assay utilizes paramagnetic particles coated with goat anti-mouse polyclonal antibodies, a mouse monoclonal anti-testosterone antibody, and a testosterone alkaline phosphatase conjugate. Testosterone in the sample is released from carrier proteins and competes with the conjugate for antibody binding sites[32] . The bound antigen-antibody complexes are separated, followed by washing and incubation with the Lumi-Phos 530 chemiluminescent substrate, where light intensity is inversely proportional to testosterone concentration . The test was calibrated using Access Testosterone Calibrators (0 to 16 ng/mL) and validated through Bio-Rad Immunoassay Plus Controls (Levels 1, 2, and 3), ensuring precision and reproducibility [33,34]. Internal and external quality control measures were implemented according to manufacturer guidelines, with a reference range of 0.11–16 ng/mL.
Statistical Analysis
Statistical analysis was conducted using GraphPad Prism, version 6 for Windows, with results presented as mean ± SD. One-way analysis of variance (ANOVA) was employed to compare means among different study groups, testing the null hypothesis that all groups originate from populations with the same mean . ANOVA relies on the F-statistic, which represents the ratio of variance between group means to variance within the groups. A higher F-ratio suggests significant differences among the groups, and post-hoc Tukey’s multiple comparison test was performed for pairwise comparisons (35). Additionally, the Pearson correlation coefficient was used to evaluate relationships between numerical variables, measuring the strength and direction of their linear association. Pearson’s r ranges from -1 (perfect inverse correlation) to +1 (perfect direct correlation), with values near zero indicating weak or no correlation [36,37]. A p-value of ≤0.05 was considered statistically significant for all analyses.
Results 
The study included 200 male subjects divided into four groups: controls (n=50), individuals with diabetes but no hypothyroidism (n=50), individuals with hypothyroidism but no diabetes (n=50), and individuals with both conditions (n=50). Biochemical parameters such as fasting and postprandial blood sugar, HbA1c, lipid profile, thyroid hormones, prolactin, and testosterone were analyzed. Age distribution across the groups showed mean ages of 41.7 ± 8.8 years (control), 42.3 ± 10.1 years (diabetes), 44 ± 10.3 years (hypothyroidism), and 42.4 ± 10.8 years (both conditions). Statistical analysis using ANOVA (p = 0.71) and Tukey’s post hoc test confirmed no significant age difference among the groups (Graph 1).
The study assessed fasting blood sugar (FBS), post-prandial blood glucose (PPBS), and HbA1c levels across four groups. The mean FBS levels were significantly higher in the diabetic (161.1 ± 73.87 mg/dl) and hypothyroid diabetic (135.9 ± 16.45 mg/dl) groups compared to controls (84.07 ± 12.82 mg/dl) and hypothyroid individuals (89.27 ± 19.29 mg/dl) (Graph 2). Similarly, PPBS levels were highest in the diabetic (346.9 ± 80.10 mg/dl) and hypothyroid diabetic (329.9 ± 68.16 mg/dl) groups, showing significant differences from the control (123.5 ± 16.89 mg/dl) and hypothyroid (129.6 ± 21.16 mg/dl) groups (Graph 3). HbA1c levels followed the same trend, with the diabetic (7.53 ± 1.91%) and hypothyroid diabetic (6.92 ± 1.08%) groups exhibiting significantly higher values than the control (5.16 ± 0.8%) and hypothyroid (5.58 ± 0.97%) groups (Graph 4). Tukey’s post-hoc analysis confirmed significant differences in all comparisons.
The study analyzed lipid profiles across four groups, including total cholesterol (TC), LDL, HDL, and triglycerides (TG). TC levels were significantly higher in the diabetic (319.3 ± 65.04 mg/dl) and hypothyroid diabetic (304.7 ± 57.87 mg/dl) groups compared to the control (189.4 ± 36.82 mg/dl) and hypothyroid (237.7 ± 61.61 mg/dl) groups (Graph 5). Similarly, LDL levels were elevated in diabetic (250.6 ± 68.89 mg/dl) and hypothyroid diabetic (235.9 ± 57.43 mg/dl) groups, while the control (144.2 ± 42 mg/dl) and hypothyroid (172.4 ± 57 mg/dl) groups showed significantly lower levels (Graph 6). HDL levels showed no significant differences across the groups (Graph 7). Triglyceride levels were highest in the hypothyroid diabetic (165.5 ± 43.47 mg/dl) and diabetic (161.2 ± 29.2 mg/dl) groups, with significant differences observed between all test groups and the control (110.5 ± 31.4 mg/dl) (Graph 8). Tukey’s post-hoc analysis confirmed these significant variations.
The study assessed thyroid function across four groups by measuring TSH, FT3, and FT4 levels. TSH levels were significantly elevated in the hypothyroid (27.00 ± 13.81 μIU/ml) and hypothyroid diabetic (35.27 ± 18.55 μIU/ml) groups compared to the control (3.37 ± 31.4 μIU/ml) and diabetic (5.43 ± 2.25 μIU/ml) groups (Graph 9). FT3 levels were significantly lower in the hypothyroid (1.82 ± 0.44 pg/ml) and hypothyroid diabetic (2.24 ± 0.76 pg/ml) groups compared to the control (2.95 ± 0.54 pg/ml) and diabetic (2.85 ± 0.97 pg/ml) groups (Graph 10). Similarly, FT4 levels were reduced in the hypothyroid (0.80 ± 0.49 ng/dl) and hypothyroid diabetic (0.87 ± 0.55 ng/dl) groups, with significant differences from the control (1.55 ± 0.35 ng/dl) and diabetic (1.23 ± 0.54 ng/dl) groups (Graph 11). Tukey’s post-hoc test confirmed these significant variations.
Prolactin levels varied significantly across the four study groups. The control group had the highest mean prolactin level (9.5 ± 3.2 ng/ml), which was significantly higher than the diabetic (4.2 ± 2.7 ng/ml), hypothyroid (6.4 ± 2.7 ng/ml), and hypothyroid diabetic (5.0 ± 3.1 ng/ml) groups (Graph 12). Tukey’s multiple comparisons test confirmed that the diabetic group had significantly lower prolactin levels than the hypothyroid group.
Testosterone levels varied across the study groups, with the control group showing a mean of 3.6 ± 1.8 ng/ml. The diabetic, hypothyroid, and hypothyroid diabetic groups had mean levels of 2.6 ± 1.4, 3.5 ± 1.7, and 2.7 ± 1.8 ng/ml, respectively (Graph 13). Tukey’s multiple comparisons test revealed a significant difference between the control and diabetic groups, while the diabetic group also differed significantly from the hypothyroid and hypothyroid diabetic groups. Additionally, Pearson’s correlation analysis was conducted to explore the relationship between prolactin, testosterone, and lipid profile parameters across all groups.
Triglycerides exhibited significant correlations with various metabolic parameters across different groups. Table No. 01 shows that prolactin had a moderately significant positive correlation with FT3, FT4, and testosterone in the hypothyroid diabetic group. Table No. 02 highlights that testosterone did not correlate significantly with most parameters, except for a moderate positive association with prolactin in the hypothyroid diabetic group. Table No. 03 presents the correlation of total cholesterol, which displayed a strong positive relationship with LDL-C in all groups and a moderate correlation with HbA1c in the control group and FT4 in the hypothyroid group. Table No. 04 describes triglyceride correlations, showing a moderately positive association with fasting blood sugar in diabetics, TSH in hypothyroids, and FT4 in the control group, along with a negative correlation with prolactin in diabetics. Additionally, triglycerides had strong positive associations with LDL-C and TC in the control and hypothyroid groups but lacked significant associations with lipid parameters in diabetic and hypothyroid diabetic groups, except for a moderate correlation with LDL-C in diabetics.
Discussion
This study delves into the intricate biochemical interplay between hypothyroidism and type-2 diabetes, highlighting the critical roles of prolactin and testosterone in metabolic regulation. These two endocrine disorders, though distinct in their primary pathophysiology, often coexist, leading to a complex metabolic landscape that significantly impacts glucose homeostasis, lipid metabolism, and overall endocrine function. The observed dysregulation in glucose metabolism, lipid profiles, and hormonal balance underscores the necessity for a multidisciplinary approach to patient management, integrating endocrinology, cardiology, and metabolic medicine.
Endocrine and Metabolic Dysregulation
The significant elevation in fasting blood sugar (FBS), postprandial blood sugar (PPBS), and HbA1c levels among patients with both diabetes and hypothyroidism reflects the profound impairment of insulin sensitivity in these conditions [38, 39]. While hypothyroidism alone does not appear to exacerbate hyperglycemia, its coexistence with diabetes compounds metabolic dysregulation, further impairing insulin action and glucose utilization [40]. This reinforces the significance of routine glucose monitoring in hypothyroid patients, especially those with additional risk factors for diabetes.
Similarly, lipid abnormalities are a hallmark of both hypothyroidism and diabetes, contributing to heightened cardiovascular risk (41,42]. Elevated total cholesterol (TC), LDL-C, and triglycerides (TG) in these patients suggest that dyslipidemia results from a combination of insulin resistance and reduced LDL receptor activity due to hypothyroidism [43]. These findings emphasize the need for aggressive lipid-lowering strategies, including the use of statins, fibrates, and lifestyle interventions tailored to individual metabolic profiles [44].
The Role of Prolactin in Metabolic Regulation
The study’s findings reveal a notable correlation between prolactin levels and metabolic parameters in patients with coexisting hypothyroidism and diabetes. Elevated prolactin levels in this cohort suggest a compensatory endocrine response to metabolic stress [45]. While prolactin is primarily known for its role in lactation, it also has significant metabolic functions, including modulating insulin sensitivity and lipid metabolism [46]. Increased prolactin secretion in metabolic disorders may reflect an adaptive response to chronic hyperglycemia and insulin resistance, although excessive levels may contribute to further metabolic imbalances [47].
Interestingly, prolactin levels were negatively correlated with triglycerides in diabetic patients, suggesting a potential regulatory link between lipid metabolism and endocrine function[48]. This finding highlights prolactin as a potential metabolic biomarker, warranting further investigation into its role in the pathophysiology of diabetes and thyroid dysfunction [49].
Testosterone Deficiency and Metabolic Syndrome
The association between testosterone levels and metabolic dysfunction is another critical aspect of this study. Decreased testosterone levels in diabetic and hypothyroid diabetic patients align with the concept of metabolic syndrome-induced hypogonadism (50,51]. Chronic insulin resistance, inflammation, and obesity contribute to testosterone suppression, which in turn exacerbates insulin resistance, dyslipidemia, and cardiovascular risk [52].
Given the intricate interplay between testosterone and metabolic health, routine testosterone screening in diabetic and hypothyroid men may offer valuable insights into disease management (53). In cases of confirmed hypogonadism, testosterone replacement therapy (TRT) may provide metabolic and cardiovascular benefits, though its administration must be carefully monitored to prevent adverse effects [54].
Triglycerides as a Metabolic Marker
The study identifies triglycerides as a key metabolic marker, showing significant correlations with fasting blood sugar in diabetics, TSH in hypothyroid patients, and FT4 in the control group [44]. These findings suggest that triglycerides may serve as a surrogate indicator of both glycemic control and thyroid dysfunction [55]. The negative correlation with prolactin further highlights the intricate metabolic interactions that govern lipid metabolism and hormonal regulation [56].
Clinical and Therapeutic Implications
The findings of this study carry important clinical implications, advocating for an integrated approach to managing patients with concurrent diabetes and hypothyroidism 
1. Comprehensive Endocrine Evaluation: Regular screening for thyroid dysfunction in diabetic patients and vice versa can aid in early detection and intervention[57] .
2. Lipid Management Strategies: Aggressive lipid control using statins, fibrates, and dietary modifications is essential to mitigate cardiovascular risks[58] .
3. Hormonal Modulation Therapies: Prolactin and testosterone modulation could represent novel therapeutic avenues in metabolic disorders[59].
4. Personalized Treatment Approaches: Integrating endocrine assessments with metabolic profiling can pave the way for precision medicine strategies, optimizing glycemic control while minimizing lipid disturbances [60,61] .
Conclusion
This study underscores the intricate hormonal and lipid interactions in patients with concurrent hypothyroidism and type 2 diabetes, emphasizing the pivotal roles of prolactin and testosterone in metabolic regulation. The significant correlations observed between glucose dysregulation, lipid abnormalities, and hormonal imbalances highlight the importance of a multidisciplinary approach to patient care. By identifying triglycerides, prolactin, and testosterone as potential metabolic biomarkers, this research paves the way for early detection, risk stratification, and the development of targeted therapeutic strategies. Future investigations adopting a precision medicine framework that integrates endocrine and metabolic assessments may enhance treatment efficacy, improve patient outcomes, and reduce the long-term complications associated with these coexisting endocrine disorders.
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Table. No.01: Correlation of Prolactin with other parameters of all groups

	
	Control
	Diabetics
	Hypothyroids
	Hypothyroid diabetics

	
	r
	p
	r
	p
	R
	p
	r
	p

	FBS
(mg/dl)
	-0.28
	0.12
	-0.31
	0.09
	0.05
	0.78
	-0.02
	0.91

	PPBS
(mg/dl)
	-0.18
	0.32
	-0.24
	0.91
	0.28
	0.12
	0.12
	0.52

	HbA1c (%)
	-0.05
	0.78
	-0.35
	0.05*
	0.01
	0.95
	-0.01
	0.97

	TC
(mg/dl)
	0.21
	0.26
	0.22
	0.23
	0.03
	0.85
	0.22
	0.23

	TG
(mg/dl)
	-0.08
	0.66
	-0.38
	0.03*
	0.19
	0.29
	0.10
	0.59

	LDL-C
(mg/dl)
	-0.19
	0.31
	0.24
	0.18
	0.03
	0.85
	0.21
	0.26

	HDL-C
(mg/dl)
	0.29
	0.18
	0.01
	0.95
	-0.05
	0.76
	-0.02
	0.89

	TSH
(μIU/ml)
	-0.25
	0.19
	0.09
	0.62
	0.08
	0.66
	0.08
	0.67

	FT3
(pg/ml)
	0.03
	0.88
	0.19
	0.30
	0.26
	0.15
	0.37
	0.04*

	FT4
(ng/dl)
	-0.31
	0.09
	0.01
	0.97
	0.27
	0.14
	0.38
	0.04*

	Test. (ng/ml)
	-0.04
	0.84
	-0.16
	0.39
	-0.11
	0.53
	0.54
	0.002**


FBS= Fasting blood sugar, FT3= Free triiodothyronine, FT4= Free thyroxine, HbA1c= Haemoglobin A1c, HDL-C= High density lipoprotein cholesterol, LDL-C= Low density lipoprotein cholesterol, PPBS= Post prandial blood sugar, TC= Total cholesterol, Test.= Testosterone, TG= Triglycerides, TSH= Thyroid stimulating hormone; * p < 0.05, ** p < 0.01; n=50.

















Table.No.02: Correlation of Testosterone with other parameters of all groups

	
	Control
	Diabetics
	Hypothyroids
	Hypothyroid diabetics

	
	r
	p
	r
	p
	R
	p
	r
	p

	FBS
(mg/dl)
	-0.14
	0.55
	0.05
	0.75
	0.12
	0.51
	-0.17
	0.35

	PPBS
(mg/dl)
	0.03
	0.87
	0.16
	0.39
	0.21
	0.25
	-0.05
	0.77

	HbA1c (%)
	-0.20
	0.28
	-0.28
	0.13
	0.02
	0.91
	-0.04
	0.83

	TC
(mg/dl)
	0.22
	0.22
	0.23
	0.90
	0.20
	0.28
	-0.16
	0.37

	TG
(mg/dl)
	-0.13
	0.46
	0.18
	0.92
	0.19
	0.29
	-0.18
	0.32

	LDL-C
(mg/dl)
	-0.16
	0.93
	0.02
	0.91
	0.23
	0.20
	0.24
	0.19

	HDL-C
(mg/dl)
	0.01
	0.98
	0.02
	0.93
	-0.22
	0.23
	-0.20
	0.28

	TSH
(μIU/ml)
	-0.16
	0.38
	0.06
	0.73
	-0.01
	0.96
	0.11
	0.53

	FT3
(pg/ml)
	-0.17
	0.32
	-0.02
	0.94
	0.05
	0.21
	0.12
	0.51

	FT4
(ng/dl)
	0.14
	0.45
	0.13
	0.48
	-0.26
	0.16
	0.12
	0.53

	Prol. (ng/ml)
	-0.03
	0.84
	-0.16
	0.39
	-0.11
	0.53
	0.54
	0.002**



FBS= Fasting blood sugar, FT3= Free triiodothyronine, FT4= Free thyroxine, HbA1c= Haemoglobin A1c, HDL-C= High density lipoprotein cholesterol, LDL-C= Low density lipoprotein cholesterol, PPBS= Post prandial blood sugar, Prol.= Prolactin, TC= Total cholesterol, TG= Triglycerides, TSH= Thyroid stimulating hormone; ** p < 0.01; n=50.















Table .No.03: Correlation of Total Cholesterol with other parameters of all groups
Control
Diabetics
Hypothyroids
Hypothyroid diabetics

r
p
r
p
R
p
r
p
FBS
(mg/dl)
0.19
0.53
0.20
0.28
-0.03
0.85
-0.01
0.97
PPBS
(mg/dl)
-0.08
0.65
0.23
0.23
0.12
0.51
0.18
0.35
HbA1c (%)
0.41
0.02*
0.05
0.79
-0.01
0.96
-0.19
0.30
TG
(mg/dl)
0.63
0.0002**
-0.27
0.14
0.81
<0.0001***
0.18
0.30
LDL-C
(mg/dl)
0.70
0.0004**
0.98
<0.0001***
0.97
<0.0001***
0.96
<0.0001***
HDL-C
(mg/dl)
0.17
0.39
-0.16
0.38
0.21
0.26
0.12
0.53
TSH
(μIU/ml)
-0.24
0.91
-0.04
0.82
0.26
0.16
-0.13
0.49
FT3
(pg/ml)
-0.20
0.28
0.14
0.45
0.08
0.64
0.19
0.31
FT4
(ng/ dl)
0.10
0.57
0.47
0.14
-0.39
0.03*
0.35
0.85
Prol. (ng/ml)
0.21
0.26
0.22
0.23
0.03
0.85
0.22
0.23
Test. (ng/ml)
0.23
0.22
0.02
0.90
0.20
0.28
0.16
0.37





























FBS= Fasting blood sugar, FT3= Free triiodothyronine, FT4= Free thyroxine, HbA1c= Haemoglobin A1c, HDL-C= High density lipoprotein cholesterol, LDL-C= Low density lipoprotein cholesterol, PPBS= Post prandial blood sugar, Prol.= Prolactin, Test.= Testosterone, TG= Triglycerides, TSH= Thyroid stimulating hormone; * p < 0.05, ** p < 0.01, ***p <0.0001 ; n=50









Table.No.04: Correlation of Triglycerides with other parameters of all groups

	
	Control
	Diabetics
	Hypothyroids
	Hypothyroid diabetics

	
	r
	p
	r
	p
	R
	p
	r
	p

	FBS
(mg/dl)
	0.18
	0.33
	0.39
	0.03*
	-0.15
	0.22
	-0.27
	0.62

	PPBS
(mg/dl)
	0.10
	0.58
	0.30
	0.10
	0.22
	0.23
	-0.31
	0.78

	HbA1c (%)
	0.26
	0.16
	-0.02
	0.92
	-0.12
	0.52
	-0.42
	0.69

	TC
(mg/dl)
	0.62
	0.0002**
	-0.27
	0.14
	0.81
	<0.0001***
	-0.18
	0.30

	LDL-C
(mg/dl)
	0.81
	<0.0001***
	0.36
	0.04*
	0.77
	<0.0001***
	-0.36
	0.99

	HDL-C
(mg/dl)
	0.02
	0.91
	0.14
	0.43
	0.07
	0.72
	-0.35
	0.93

	TSH
(μIU/ml)
	-0.02
	0.92
	-0.05
	0.80
	0.39
	0.03*
	-0.34
	0.92

	FT3
(pg/ml)
	-0.81
	0.33
	-0.15
	0.40
	0.03
	0.84
	-0.17
	0.29

	FT4
(ng/dl)
	0.50
	0.004**
	0.20
	0.27
	-0.35
	0.06
	-0.11
	0.17

	Prol. (ng/ml)
	-0.08
	0.66
	-0.38
	0.03*
	0.18
	0.29
	-0.26
	0.59

	Test. (ng/ml)
	-0.14
	0.46
	0.02
	0.92
	0.19
	0.30
	-0.51
	0.32


FBS= Fasting blood sugar, FT3= Free triiodothyronine, FT4= Free thyroxine, HbA1c= Haemoglobin A1c, HDL-C= High density lipoprotein cholesterol, LDL-C= Low density lipoprotein cholesterol, PPBS= Post prandial blood sugar, Prol.= Prolactin, TC= Total cholesterol Test.= Testosterone, TSH= Thyroid stimulating hormone;  * p < 0.05, ** p < 0.01,
***p <0.0001 ; n=50.
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