
© 2025 European Journal of Clinical Pharmacy; Volume: 7: Issue: 1| All Right Reserved 

 

1808 

 

European Journal of Clinical Pharmacy 
Print ISSN: 2385-409X Online ISSN: 3105-0409 

Website: https://farmclin.com/ 

 

 

 
Original Research Article  

Metabolic Phenotypes of Hypothyroidism: A Cluster 

Analysis of Obesity, Atherogenic Dyslipidemia, and 

Dysglycemia   
 

Article History: Abstract: Background: Hypothyroidism is associated with multiple 

metabolic abnormalities that increase cardiovascular risk. However, 

these metabolic disturbances are heterogeneous, and the relative 

contributions of obesity, dyslipidemia, and dysglycemia vary among 

affected individuals. Objectives: To characterize metabolic 

phenotypes of hypothyroidism with respect to obesity, atherogenic 

dyslipidemia, and glycemic status, and to evaluate the predictive 

utility of the atherogenic index of plasma (AIP), waist circumference, 

and body mass index (BMI). Methods: This cross-sectional analytical 

study was performed on 100 hypothyroid patients and 100 age and 

gender matched controls in GMCH Srinagar. Anthropometric 

measurements including BMI and waist circumference were 

recorded. Fasting blood glucose and lipid profile were assessed, and 

AIP was calculated as log₁₀(triglycerides/HDL cholesterol). 

Statistical analysis included non-parametric tests, multivariable 

logistic regression and Receiver operating characteristic (ROC) curve 

analysis. Results: Hypothyroid subjects demonstrated higher BMI 

and waist circumference compared with euthyroid controls. 

Triglyceride levels and AIP were significantly elevated in the 

hypothyroid group, whereas fasting blood glucose levels did not 

differ significantly. On multivariable analysis, AIP emerged as the 

strongest independent predictor of hypothyroidism after adjustment 

for age, BMI, and waist circumference. ROC analysis demonstrated 

superior discriminatory ability of AIP compared with BMI and waist 

circumference, with an optimal cut-off of approximately 0.58. 

Conclusion: Hypothyroidism is associated with distinct metabolic 

phenotypes characterized predominantly by atherogenic dyslipidemia 

and central obesity rather than dysglycemia. The atherogenic index of 

plasma is an independent and superior predictor of hypothyroidism 

compared with conventional anthropometric measures and may serve 

as a practical tool for cardiometabolic risk stratification. 
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INTRODUCTION 

Hypothyroidism is one of the most prevalent 

endocrine disorders worldwide and is associated with 

a broad spectrum of metabolic derangements that 

contribute substantially to cardiovascular morbidity 

and mortality [1]. While the classical metabolic 

consequences of overt hypothyroidism include 

weight gain, hypercholesterolemia, and reduced 

basal metabolic rate, clinical observations 

increasingly suggest that metabolic manifestations of 

hypothyroidism are heterogeneous and not uniform 

across affected individuals [2]. This heterogeneity is 

particularly evident in patients with subclinical or 

mild thyroid dysfunction, in whom traditional 

markers of metabolic syndrome may not be 

consistently present. 

 

Thyroid hormones exert profound effects on lipid 

metabolism through regulation of hepatic lipid 

synthesis, cholesterol absorption, and lipoprotein 

clearance [3]. Reduced thyroid hormone activity 

leads to diminished expression of low-density 

lipoprotein (LDL) receptors, impaired clearance of 

triglyceride-rich lipoproteins, and increased oxidative 

modification of lipids, thereby promoting an 

atherogenic lipid profile [4,5]. These lipid 
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abnormalities may occur independently of changes in 

body mass index (BMI), highlighting the limitations 

of BMI as a sole indicator of cardiometabolic risk in 

hypothyroid patients. 

 

Central obesity, reflected by increased waist 

circumference, has been increasingly recognized as a 

more reliable marker of cardiometabolic risk than 

BMI in endocrine disorders [6]. However, even 

measures of central adiposity may fail to fully 

capture qualitative abnormalities in lipid metabolism 

that are characteristic of hypothyroidism. In contrast, 

alterations in glucose metabolism are less 

consistently observed, with several studies reporting 

normal fasting glucose levels despite significant 

dyslipidemia [7]. This raises the possibility that 

hypothyroidism is associated with a distinct 

metabolic phenotype rather than a uniform 

metabolic syndrome. 

 

The atherogenic index of plasma (AIP), calculated as 

the logarithm of the triglyceride-to-high-density 

lipoprotein (HDL) cholesterol ratio, has emerged as a 

robust surrogate marker of atherogenic dyslipidemia 

and small dense LDL particles [8,9]. AIP integrates 

both pro-atherogenic and protective lipid fractions 

and has been shown to correlate strongly with 

cardiovascular risk across diverse populations [10-

13]. Studies in the Indian population, though  scanty, 

have yielded convincing results.[14-15]  Despite its 

potential relevance, data examining the role of AIP 

in characterizing metabolic risk in hypothyroidism 

remain limited. 

 

The present study was designed to characterize 

metabolic phenotypes in hypothyroidism by 

examining patterns of obesity, atherogenic 

dyslipidemia, and dysglycemia in a noth Indian 

tertiary care centre. We further evaluated the relative 

utility of AIP, waist circumference, and BMI as 

predictors of hypothyroidism using multivariable 

regression and receiver operating characteristic 

(ROC) analysis. 

 

MATERIAL AND METHODS 
This cross-sectional analytical study included adult 

participants undergoing evaluation for thyroid 

dysfunction at departments of Medicine and 

Biochemistry, Government Medical College Srinagar 

. Individuals were classified as hypothyroid or 

euthyroid based on serum thyroid-stimulating 

hormone (TSH) and thyroid hormone levels 

measured using standardized immunoassays, in 

accordance with established laboratory reference 

ranges [16]. 100 hypothyroid patients and 100 

euthyroid age and gender matched controls were 

taken for the sudy. The study was approved by the 

institutional ethics committee and was performed in 

accordance with ethical standards laid down in 

Helsinki declaration of 1964. 

 

Anthropometric measurements were obtained using 

standardized protocols. Height and weight were 

measured with subjects wearing light clothing and no 

footwear, and BMI was calculated as weight in 

kilograms divided by height in meters squared. Waist 

circumference was measured at the midpoint 

between the lower margin of the last palpable rib and 

the top of the iliac crest. Blood pressure was recorded 

in the seated position after adequate rest. 

 

After an overnight fast, venous blood samples were 

collected for estimation of fasting blood glucose, total 

cholesterol, triglycerides, HDL cholesterol, and LDL 

cholesterol using enzymatic methods. Triglyceride 

and HDL cholesterol values were converted to molar 

concentrations, and AIP was calculated as 

log10(TG/HDL). 

 

Statistical analysis was performed using non-

parametric methods due to skewed distribution of 

metabolic variables. Continuous data were expressed 

as mean ± standard deviation. Between-group 

comparisons were performed using the Mann–

Whitney U test. Multivariable logistic regression 

analysis was conducted to identify independent 

predictors of hypothyroidism after adjusting for 

potential confounders. ROC curves were constructed 

to assess discriminatory performance, and optimal 

cut-off values were derived using the Youden index. 

A p value <0.05 was considered statistically 

significant. 

 

RESULTS 
A total study population comprising hypothyroid and euthyroid individuals was analyzed. Hypothyroid subjects 

demonstrated higher BMI and waist circumference compared with euthyroid controls (Table 1). Triglyceride levels 

were significantly elevated in the hypothyroid group, while HDL cholesterol levels showed a trend toward 

reduction. In contrast, fasting blood glucose levels did not differ significantly between the two groups. 

 

The atherogenic index of plasma (AIP) was significantly higher in hypothyroid subjects, placing a substantial 

proportion of these individuals in the high-risk AIP category. (Fig 1) This finding underscores the predominance of 

atherogenic dyslipidemia in hypothyroidism, even in the absence of overt hyperglycemia. AIP and waist 

circumference showed a positive correlation substantiating the fact that central obesity contributes to 

cardiovascular risk via dyslipidemia, reflected by higher AIP (Fig 2). On multivariable logistic regression analysis, 

AIP emerged as the strongest independent predictor of hypothyroidism after adjustment for age, BMI, and waist 
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circumference (Table 2). Anthropometric indices lost statistical significance in the adjusted model, highlighting the 

dominant contribution of lipid abnormalities. 

 

ROC curve analysis demonstrated that AIP had superior discriminatory ability compared with BMI and waist 

circumference. An AIP cut-off value of approximately 0.58 provided the optimal balance of sensitivity and 

specificity for identifying hypothyroid individuals (Table 3, Figure 3). 

Tables and figures 

Parameter Euthyroid (Mean ± SD) Hypothyroid (Mean ± 

SD) 

p-value 

BMI (kg/m²) 24.48 ± 5.62 26.53 ± 6.99 0.035 

Waist Circumference 

(cm) 

85.91 ± 11.06 91.23 ± 12.03 0.002 

Fasting Blood Glucose 

(mg/dL) 

94.62 ± 19.82 92.80 ± 15.44 0.859 

Triglycerides (mg/dL) 145.05 ± 61.83 184.41 ± 101.88 0.015 

HDL Cholesterol 

(mg/dL) 

43.78 ± 12.12 40.63 ± 9.98 0.097 

LDL Cholesterol 

(mg/dL) 

95.19 ± 33.71 104.05 ± 34.25 0.055 

Atherogenic Index of 

Plasma 

0.50 ± 0.24 0.61 ± 0.27 0.006 

 

Table 1  Baseline Characteristics of cases and controls 

Variable Adjusted OR 95% CI p-value 

Atherogenic Index of 

Plasma 

4.07 1.22 – 13.56 0.022 

Waist Circumference 

(per cm) 

1.02 0.99 – 1.05 0.147 

BMI (kg/m²) 1.03 0.97 – 1.08 0.354 

 

Table 2  Multivariable Logistic Regression Analysis of atherogenic index of plasma, waist circumference and BMI 

Marker AUC Optimal Cut-off Sensitivity (%) Specificity (%) 

Atherogenic Index 

of Plasma 

0.61 0.58 52 69 

Waist 

Circumference 

(cm) 

0.63 93 44 78 

BMI (kg/m²) 0.59 21.3 80 37 

 

Table 3  ROC Analysis and Youden Index of atherogenic index of plasma, waist circumference and BMI 

 

 
 



© 2025 European Journal of Clinical Pharmacy; All Right Reserved 

 

1811 

 

How to Cite: Obaid M, Ashraf M.Metabolic Phenotypes of Hypothyroidism: A Cluster Analysis of Obesity, 

Atherogenic Dyslipidemia, and Dysglycemia  ” European Journal of Clinical Pharmacy. 2025;7(1):1808-1813. 
 

  

   

 

 

Figure 1  Bar Chart showing atherogenic index of plasma (AIP) categories  as per thyroid status 

 

Figure 2  Scatter Plot showing relationship between waist circumference and Atherogenic Index of Plasma 

(AIP) 

 

 

Figure 3  ROC Curves of Atherogenic index of plasma (AIP), waist circumference and BMI for predicting 

hypothyroidism 

 

DISCUSSION 
The present study demonstrates that hypothyroidism 

is associated with distinct metabolic phenotypes 

characterized predominantly by atherogenic 

dyslipidemia and central obesity rather than 

dysglycemia. These findings challenge the traditional 

view that hypothyroidism uniformly mirrors the 

metabolic syndrome and instead support a more 

nuanced phenotypic classification, wherein lipid 

abnormalities play a more prominent role than 

disturbances in glucose metabolism [17]. This 

heterogeneity in metabolic expression underscores 

the importance of moving beyond a “one-size-fits-

all” cardiometabolic risk assessment in hypothyroid 

individuals. 

In the current cohort, hypothyroid subjects exhibited 

significantly elevated triglyceride levels and higher 

values of the atherogenic index of plasma (AIP), 

indicating qualitative lipid abnormalities that are not 

fully captured by conventional lipid parameters 

alone. This observation is concordant with prior 

studies by Jungare et al (2017) and Prasad et al(2024) 

[18-19 ]. AIP reflects the balance between 

triglyceride-rich lipoproteins and protective HDL 

cholesterol and has been shown to correlate closely 

with the presence of small dense LDL particles, a 

lipoprotein fraction with high atherogenic potential. 

The pathophysiological basis for these findings can 

be explained by the central role of thyroid hormones 

in lipid metabolism. Thyroid hormone deficiency 

leads to reduced activity of lipoprotein lipase and 

hepatic lipase, impaired clearance of triglyceride-rich 
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lipoproteins, and decreased expression of LDL 

receptors, resulting in accumulation of atherogenic 

lipoprotein particles [20-21]. These mechanisms 

contribute to qualitative dyslipidemia even when 

absolute cholesterol levels are only modestly 

elevated, highlighting why composite indices such as 

AIP may be superior to isolated lipid measurements 

in hypothyroid populations. 

 

Notably, fasting blood glucose levels did not differ 

significantly between hypothyroid and euthyroid 

individuals in this study, suggesting that dysglycemia 

is not a universal feature of hypothyroidism. This 

finding aligns with earlier reports indicating 

preserved glucose homeostasis in hypothyroid 

individuals in the absence of severe insulin 

resistance, long-standing disease, or marked obesity 

[22]. While thyroid hormone deficiency can 

influence insulin sensitivity through alterations in 

glucose transport and hepatic gluconeogenesis, these 

effects may be context-dependent and less 

pronounced in early or mild disease, reinforcing the 

concept that hypothyroidism-associated metabolic 

risk is primarily lipid-driven rather than glycemia-

driven. 

 

Among the evaluated markers, AIP consistently 

outperformed body mass index and waist 

circumference as a predictor of hypothyroidism. 

Although central obesity was more prevalent among 

hypothyroid subjects, anthropometric measures 

alone may underestimate cardiovascular risk, 

particularly in individuals with normal or only 

mildly elevated BMI. This observation is consistent 

with emerging evidence emphasizing the limitations 

of BMI as a surrogate for metabolic health and the 

superior predictive value of visceral adiposity and 

lipid-based indices [19,23]. The modest 

discriminatory performance of BMI in the present 

analysis further supports the need for integrating 

biochemical markers into risk assessment models for 

hypothyroid patients. 

 

From a clinical perspective, the incorporation of AIP 

into routine metabolic evaluation may facilitate early 

identification of hypothyroid individuals at increased 

cardiovascular risk, even in the absence of overt 

hyperglycemia or severe obesity. Given its simplicity, 

low cost, and reliance on routinely available lipid 

parameters, AIP represents a practical and scalable 

tool for risk stratification, particularly in resource-

limited settings where advanced lipid testing may not 

be feasible. Adoption of such an approach could 

allow for earlier lifestyle or therapeutic interventions 

aimed at mitigating long-term cardiovascular risk in 

this population. 

 

Taken together, these findings support the concept of 

metabolic phenotyping in hypothyroidism and 

emphasize the predominance of atherogenic 

dyslipidemia as a key determinant of cardiometabolic 

risk. Future longitudinal studies are warranted to 

evaluate whether incorporation of AIP into clinical 

decision-making improves cardiovascular outcomes 

and to determine the impact of thyroid hormone 

replacement on these distinct metabolic phenotypes. 

 

CONCLUSION 
Hypothyroidism is associated with heterogeneous 

metabolic phenotypes, with a predominance of 

atherogenic dyslipidemia and central obesity rather 

than dysglycemia. The atherogenic index of plasma 

is an independent and superior predictor of 

hypothyroidism compared with conventional 

anthropometric indices. These findings support the 

use of AIP as a practical marker for cardiometabolic 

risk assessment in hypothyroid patients. 
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