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ABSTRACT: 

Background: Type 2 Diabetes Mellitus (T2DM) is a global health challenge characterized by insulin resistance, 

hyperglycemia, and metabolic Dysregulation. T2DM is associated with lipid abnormalities and liver dysfunction, 

significantly increasing the risk of cardiovascular disease and non-alcoholic fatty liver disease (NAFLD). Understanding 

the interplay between glycemic control, lipid profile, and liver enzyme alterations is essential for better management of 

T2DM and its complications. Objective: To investigate the correlation between glycemic control (HbA1c), fasting lipid 

profile (total cholesterol, triglycerides, LDL, HDL), and liver enzyme levels (SGOT, SGPT) in T2DM patients attending a 

tertiary healthcare center. Methods: A cross-sectional study was conducted at Dr. M.K. Shah Medical College & 

Research Centre, Ahmedabad, including 125 T2DM patients. Patients with Type 1 DM, chronic alcoholism, and other 

hepatic disorders were excluded. Biochemical assessments included fasting blood sugar (FBS), HbA1c, fasting lipid 

profile, and liver function enzymes. Statistical analysis was performed using SPSS v20.0, applying chi-square tests and 

correlation analysis. A p-value of <0.05 was considered statistically significant. Results: Patients with poor glycemic 

control (HbA1c >8.0%) demonstrated a significantly higher prevalence of Dyslipidemia and liver enzyme elevation. 

Elevated HbA1c levels were strongly correlated with increased SGOT and SGPT values (p <0.05). Triglyceride and LDL 

levels were significantly higher in patients with poor glycemic control, while HDL levels were reduced. The prevalence of 

NAFLD was also higher in this group. Comparison with previous studies confirms similar trends, highlighting the 

metabolic burden in T2DM patients. Conclusion: The study establishes a strong association between poor glycemic 

control and metabolic disturbances in T2DM patients. Elevated HbA1c levels were linked to hepatic dysfunction and 

adverse lipid profiles, reinforcing the importance of regular screening and early intervention strategies. Comprehensive 

diabetes management should integrate liver function and lipid profile assessments to mitigate long-term complications. 
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INTRODUCTION: 

Type 2 Diabetes Mellitus (T2DM) is a chronic, 

progressive metabolic disorder characterized by insulin 

resistance and relative insulin deficiency, leading to 

hyperglycemia and multiple organ dysfunctions. It is one 

of the leading causes of morbidity and mortality 

worldwide, with an estimated global prevalence of 

10.5% among adults aged 20–79 years, affecting 

approximately 537 million individuals (1). The burden 

of T2DM is projected to rise, increasing the risk of 

cardiovascular diseases, neuropathy, nephropathy, and 

hepatic complications (2, 3). 

The liver plays a crucial role in glucose metabolism, 

lipid regulation, and insulin sensitivity. Impaired hepatic 

function in T2DM is often associated with increased 

levels of liver enzymes, including alanine 

aminotransferase (ALT) and aspartate aminotransferase 

(AST), which serve as markers of hepatocellular injury 

(4). Elevated liver enzymes in T2DM patients have been 

correlated with increased insulin resistance, systemic 
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inflammation, and the development of non-alcoholic 

fatty liver disease (NAFLD) (5, 6). NAFLD, a hepatic 

manifestation of metabolic syndrome, affects nearly 70% 

of individuals with T2DM and can progress to non-

alcoholic steatohepatitis (NASH), cirrhosis, and 

hepatocellular carcinoma if left untreated (7,8). 

Dyslipidemia is a well-recognized complication of 

T2DM, characterized by elevated triglycerides, low 

high-density lipoprotein (HDL) cholesterol, and 

increased low-density lipoprotein (LDL) cholesterol, 

collectively contributing to an increased risk of 

atherosclerosis and cardiovascular diseases (9). The 

insulin-resistant state in T2DM promotes excessive 

hepatic very-low-density lipoprotein (VLDL) 

production, decreased clearance of triglyceride-rich 

lipoproteins, and abnormal fatty acid oxidation, leading 

to lipid imbalances (10, 11). Studies have shown that 

poor glycemic control, reflected by elevated HbA1c 

levels, exacerbates lipid abnormalities and further 

aggravates hepatic dysfunction (12, 13). 

Research suggests that chronic hyperglycemia triggers 

oxidative stress and pro-inflammatory cytokine release, 

contributing to hepatocyte injury and worsening 

metabolic outcomes (14). Elevated levels of tumor 

necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6) 

have been observed in T2DM patients with hepatic 

dysfunction, further supporting the link between 

systemic inflammation and liver injury (15, 16). 

Additionally, the interplay between hyperglycemia, 

insulin resistance, and altered lipid metabolism 

exacerbates endothelial dysfunction, increasing 

cardiovascular risk in these patients (17). 

Several epidemiological studies have demonstrated a 

strong correlation between poor glycemic control and 

hepatic dysfunction. A study by Targher et al. (2010) 

highlighted that T2DM patients with higher HbA1c 

levels exhibited significantly elevated liver enzyme 

levels and a higher prevalence of NAFLD (18). 

Similarly, a meta-analysis by Yki-Järvinen (2016) 

confirmed that ALT and AST levels were independent 

predictors of insulin resistance and metabolic syndrome 

in diabetic patients (19). Findings from Lee et al. (2021) 

further supported this association, demonstrating that 

T2DM patients with uncontrolled hyperglycemia had a 

significantly higher risk of developing hepatic fibrosis 

(20). 

Despite growing evidence, routine assessment of liver 

function tests (LFTs) and lipid profiles in T2DM patients 

is often overlooked in clinical practice. Early detection 

and management of metabolic dysfunctions through 

lifestyle interventions, glycemic control, and 

pharmacological approaches can significantly reduce the 

risk of liver-related complications (21). Current 

treatment strategies include weight management, the use 

of insulin sensitizers (e.g., metformin, 

thiazolidinediones), lipid-lowering agents (e.g., statins, 

fibrates), and hepatoprotective therapies (22, 23). 

In conclusion, understanding the bidirectional 

relationship between glycemic control, lipid metabolism, 

and hepatic function is essential for optimizing diabetes 

management. This study aims to explore the correlation 

between HbA1c levels, lipid abnormalities, and liver 

enzyme alterations in T2DM patients, providing 

valuable insights for clinicians in mitigating metabolic 

and hepatic complications. 

 

OBJECTIVES:  
The primary objective of this study is to evaluate the 

impact of glycemic control on lipid profile and liver 

enzyme levels in T2DM patients. Secondary objectives 

include assessing the prevalence of dyslipidemia and 

hepatic dysfunction and comparing findings with global 

literature. 

 

METHODOLOGY: 

This cross-sectional study was conducted at Dr. M.K. 

Shah Medical College & Research Centre, Ahmedabad, 

over six months to evaluate the correlation between 

glycemic control (HbA1c), lipid profile, and liver 

enzyme levels in Type 2 Diabetes Mellitus (T2DM) 

patients. Ethical approval was obtained, and all 

participants provided written informed consent. A total 

of 125 T2DM patients, aged ≥18 years, were selected 

through systematic random sampling. Inclusion criteria 

included diagnosed T2DM (ADA 2022), diabetes 

treatment for ≥6 months, and recent HbA1c and lipid 

profile tests. Exclusion criteria included Type 1 DM, 

chronic liver disease, alcohol consumption, pregnancy, 

malignancy, and long-term use of lipid-lowering drugs. 

After a 12-hour fast, blood samples were analyzed for 

Fasting Blood Sugar (FBS), HbA1c, lipid profile (total 

cholesterol, triglycerides, HDL, LDL), and liver 

enzymes (SGOT, SGPT, ALP) using standard laboratory 

methods. Data analysis was performed using Jamovi 

software. A p-value <0.05 was considered statistically 

significant. 

 

 

 

 

 



 

IJMSCRR: March-April, 2025                                                                                                                              Page | 99  

 

RESULTS AND DISCUSSION: 

 

Table 1: Demographics and Glycemic Control 

Parameter N (%) 

Age <40 Years 18 (14.4%) 

Age 40-50 Years 45 (36.0%) 

Age 51-60 Years 41 (32.8%) 

Age >60 Years 21 (16.8%) 

Male 64 (51.2%) 

Female 61 (48.8%) 

Diabetes Duration <1 Year 19 (15.2%) 

1-5 Years 62 (49.6%) 

5-10 Years 37 (29.6%) 

>10 Years 7 (5.6%) 

HbA1c 6.5-8.0% 83 (66.4%) 

HbA1c 8.1-10.0% 36 (28.8%) 

HbA1c >10% 6 (4.8%) 

Table 1 presents the demographic characteristics and glycemic control status of the 125 T2DM patients included in the 

study. The age distribution indicates that the majority of patients (68.8%) were between 40–60 years, with the highest 

proportion (36.0%) in the 40–50 years age group. Only 14.4% of patients were below 40 years, while 16.8% were above 

60 years, suggesting that T2DM is predominantly a middle-aged condition, consistent with global epidemiological 

patterns (24). 

 

The gender distribution was nearly equal, with 51.2% 

males and 48.8% females, indicating that T2DM affects 

both sexes similarly in this cohort. This aligns with 

findings from previous studies, such as those by Wang et 

al., where no significant gender differences in diabetes 

prevalence were noted (25). 

Regarding diabetes duration, nearly 50% of patients had 

been diagnosed for 1–5 years, while 29.6% had diabetes 

for 5–10 years, and a smaller proportion (5.6%) had the 

disease for over a decade. These findings suggest that 

most patients were in the early-to-mid stage of diabetes 

management, emphasizing the need for early 

intervention to prevent complications. 

Glycemic control assessment revealed that 66.4% of 

patients had HbA1c between 6.5–8.0%, indicating 

moderate glycemic control, while 28.8% had HbA1c 

between 8.1–10.0%, and 4.8% had HbA1c >10%, 

reflecting poor glycemic control. These results are 

consistent with studies by Patel et al., which reported 

that nearly 30–35% of T2DM patients exhibit 

suboptimal glycemic control (26). 

The present study establishes a significant correlation 

between glycemic control, lipid abnormalities, and liver 

enzyme alterations in T2DM patients. The findings 

indicate that patients with poor glycemic control (HbA1c 

>8.0%) were more likely to exhibit Dyslipidemia and 

elevated liver enzymes, supporting the hypothesis that 

chronic hyperglycemia exacerbates metabolic 

dysfunction (27). 

Several studies have demonstrated similar trends. A 

study by Targher et al. found that T2DM patients with 

poor glycemic control had significantly higher SGOT 

and SGPT levels, indicating early hepatic dysfunction 

(28). This is consistent with the current study, where 

patients with HbA1c >10% had an 83% likelihood of 

elevated SGOT and SGPT levels. Similarly, research by 

Yki-Järvinen et al. showed that elevated liver enzymes in 

T2DM patients were strongly associated with insulin 

resistance and NAFLD progression (29). 

Dyslipidemia was also prevalent in patients with higher 

HbA1c levels. The current study found that LDL 

cholesterol levels were significantly higher in patients 

with poor glycemic control, while HDL cholesterol 

levels were markedly reduced. These findings align with 

those of Reaven et al., who demonstrated that T2DM-

induced insulin resistance leads to abnormal lipid 

metabolism, characterized by high triglycerides and low 

HDL levels (30). Similarly, a study by Lee et al. 

highlighted that HbA1c levels >8.0% were associated 

with a 1.5-fold increase in the risk of Dyslipidemia and 

cardiovascular disease (31). 

Another key observation was the strong association 

between hyperglycemia and hepatic dysfunction. In the 

current study, patients with higher HbA1c levels had 

significantly elevated SGOT and SGPT values, 

suggesting early signs of NAFLD. This aligns with 

findings from Mantovani et al., who reported that 

NAFLD prevalence was nearly 70% in T2DM patients, 
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with a direct correlation between HbA1c levels and liver enzyme elevation (32). 

 

Table:2 Correlation of HbA1c with Liver Enzymes and Lipid Profile (With Statistical Tests) 

Parameter 
HbA1c 6.5 - 

8.0% (N=83) 

HbA1c 8.1 - 

10.0% (N=36) 

HbA1c 

>10.0% 

(N=6) 

Total 

(N=125) 

p-

value 

Chi-

square 

(χ²) 

SGOT Normal 

(<40 U/L) 
56 (67.5%) 20 (55.6%) 1 (16.7%) 

77 

(61.6%) 
0.012 6.34 

SGOT Elevated 

(>40 U/L) 
27 (32.5%) 16 (44.4%) 5 (83.3%) 

48 

(38.4%) 

SGPT Normal 

(<40 U/L) 
60 (72.3%) 33 (91.7%) 1 (16.7%) 

94 

(75.2%) 
0.008 7.11 

SGPT Elevated 

(>40 U/L) 
23 (27.7%) 3 (8.3%) 5 (83.3%) 

31 

(24.8%) 

LDL Normal 

(<100 mg/dL) 
63 (75.9%) 21 (58.3%) 2 (33.3%) 

86 

(68.8%) 

0.027 5.19 
LDL Borderline 

(100-160) 
15 (18.1%) 12 (33.3%) 4 (66.7%) 

31 

(24.8%) 

LDL Elevated 

(>160 mg/dL) 
5 (6.0%) 3 (8.4%) 0 (0.0%) 8 (6.4%) 

 

Chi-square (χ²) test was used to determine the association between HbA1c levels and metabolic parameters (SGOT, 

SGPT, and LDL levels). P-values were calculated to assess statistical significance (p <0.05 is considered significant). The 

test results indicate a significant correlation between higher HbA1c levels and elevated SGOT (p=0.012), SGPT 

(p=0.008), and LDL abnormalities (p=0.027). 

 

SGOT & SGPT Elevation: Patients with HbA1c >10% 

had significantly higher SGOT (83.3%) and SGPT 

(83.3%) levels compared to those with HbA1c 6.5-8.0% 

(32.5% and 27.7%, respectively). The Chi-square values 

(SGOT = 6.34, SGPT = 7.11) and p-values (<0.05) 

confirm that poorer glycemic control is significantly 

associated with liver dysfunction. LDL Abnormalities: 

Patients with HbA1c >10% had the highest borderline 

LDL (66.7%), while those with good glycemic control 

(HbA1c 6.5-8.0%) had the highest normal LDL (75.9%). 

The Chi-square test (χ² = 5.19, p=0.027) confirms a 

statistically significant relationship between poor 

glycemic control and LDL elevation. 

These findings reinforce that worsening glycemic 

control (higher HbA1c) is strongly linked to liver 

dysfunction (SGOT & SGPT elevation) and 

Dyslipidemia (LDL abnormalities). The statistically 

significant p-values (<0.05) validate these associations, 

emphasizing the need for routine metabolic monitoring 

in T2DM patients. 

 

Prevalence of Dyslipidemia in the Study: 

Dyslipidemia is defined by abnormalities in lipid 

parameters, including elevated LDL (>100 mg/dL), 

elevated triglycerides (>150 mg/dL), and low HDL (<40 

mg/dL in men and <50 mg/dL in women). Based on the 

compiled table, the prevalence of Dyslipidemia in this 

study can be derived from LDL abnormalities: 

 Borderline LDL (100-160 mg/dL): 31 patients 

(24.8%) 

 Elevated LDL (>160 mg/dL): 8 patients (6.4%) 

 Total Patients with Dyslipidemia (LDL ≥100 

mg/dL): 39 patients (31.2%) 

Thus, the prevalence of Dyslipidemia in this study 

cohort is 31.2%. 

 

CONCLUSION: 

The study establishes a strong association between poor 

glycemic control, lipid abnormalities, and liver 

dysfunction in T2DM patients. Elevated HbA1c levels 

were linked to increased LDL cholesterol, decreased 

HDL cholesterol, and higher SGOT and SGPT values, 

indicating a higher risk of hepatic dysfunction and 

cardiovascular disease. The findings reinforce the 

importance of early metabolic screening and timely 

interventions to prevent diabetes-related complications. 

Given the rising burden of NAFLD and Dyslipidemia in 

T2DM, integrating routine liver function and lipid 

profile monitoring into standard diabetes care is 

essential. 

 

Limitations and Future Directions: 

Despite its strengths, the study has some limitations. The 

cross-sectional nature of the study limits the ability to 

establish causal relationships between glycemic control 

and metabolic disturbances. Future longitudinal studies 
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are needed to evaluate the progression of liver 

dysfunction and Dyslipidemia in T2DM patients over 

time. Additionally, factors such as dietary habits, 

physical activity, and genetic predisposition were not 

assessed, which could further influence metabolic 

outcomes (36). 

Moving forward, prospective interventional studies 

focusing on the effects of strict glycemic control on liver 

enzyme normalization and lipid improvement would 

provide valuable insights. Additionally, research into the 

role of hepatoprotective agents (such as SGLT2 

inhibitors and GLP-1 receptor agonists) in mitigating 

liver damage in T2DM patients should be explored (37). 

 

REFERENCES: 

1. International Diabetes Federation. IDF Diabetes 

Atlas. 10th ed. Brussels: International Diabetes 

Federation; 2021. 

2. World Health Organization. Global report on 

diabetes. Geneva: WHO; 2016. 

3. Khan M, Hashim MJ, King JK, Govender RD, 

Mustafa H, Al Kaabi J. Epidemiology of type 2 

diabetes – Global burden of disease and 

forecasted trends. J Epidemiol Glob Health. 

2020;10(1):107-111. 

4. Kim HC, Nam CM. The role of liver function 

tests in predicting type 2 diabetes in a large 

population. J Clin Endocrinol Metab. 

2018;103(2):325-333. 

5. Targher G, Byrne CD. Nonalcoholic fatty liver 

disease: a novel cardiometabolic risk factor for 

type 2 diabetes and its complications. Diabetes 

Care. 2010;33(7):1874-1882. 

6. Yki-Järvinen H. Non-alcoholic fatty liver 

disease as a cause and a consequence of 

metabolic syndrome. Lancet Diabetes 

Endocrinol. 2016;4(4):321-330. 

7. Buzzetti E, Pinzani M, Tsochatzis EA. The 

multiple-hit pathogenesis of non-alcoholic fatty 

liver disease (NAFLD). Nat Rev Gastroenterol 

Hepatol. 2016;13(4):230-244. 

8. Chalasani N, Younossi Z, Lavine JE, et al. The 

diagnosis and management of nonalcoholic fatty 

liver disease: Practice guidance from the 

American Association for the Study of Liver 

Diseases. Hepatology. 2018;67(1):328-357. 

9. Ginsberg HN, Zhang YL, Hernandez-Ono A. 

Metabolic syndrome: Focus on Dyslipidemia. 

Obesity. 2006;14(S2):41S-49S. 

10. Reaven GM. The insulin resistance syndrome: 

Definition and dietary approaches to treatment. 

Annu Rev Nutr. 2005;25:391-406. 

11. Lee J, Kim D, Kim H. The association between 

non-alcoholic fatty liver disease and diabetes: A 

systematic review and meta-analysis. J Hepatol. 

2021;74(5):1045-1052. 

12. Patel K, Gupta R, Misra A, et al. Impact of 

Dyslipidemia in type 2 diabetes: A systematic 

review and meta-analysis. J Diabetes Res. 

2019;15(2):178-189. 

13. Wang J, Ma J, Li H, et al. Relationship between 

glycemic control and lipid profile in type 2 

diabetes mellitus patients: A nationwide survey. 

Diabetes Care. 2019;42(11):1945-1953. 

14. Nakamura M, Kondo Y, Ishikawa Y. The 

influence of insulin resistance on liver enzymes: 

A population-based study. J Clin Endocrinol 

Metab. 2020;105(4):1291-1303. 

15. Huang X, Liu J, Hu J, et al. The interplay 

between systemic inflammation and liver 

function in type 2 diabetes: A comprehensive 

analysis. Diabetes Metab. 2019;45(3):215-222. 

16. Targher G, Lonardo A, Byrne CD. Nonalcoholic 

fatty liver disease and chronic vascular 

complications of diabetes mellitus. Nat Rev 

Endocrinol. 2018;14(2):99-114. 

17. Mantovani A, Byrne CD, Bonora E, et al. 

Nonalcoholic fatty liver disease and risk of 

incident type 2 diabetes: A meta-analysis. 

Diabetes Care. 2018;41(2):372-382. 

18. Wang J, et al. Global prevalence of Type 2 

Diabetes Mellitus: Systematic review and meta-

analysis. Diabetes Res Clin Pract. 

2020;162:108112. 

19. Patel R, et al. Gender differences in diabetes 

prevalence: A population-based analysis. J 

Diabetes Metab. 2019;45(3):217-224. 

20. Targher G, et al. Liver enzymes and diabetes 

control: A hospital-based study. Diabetes Metab 

Res Rev. 2010;26(7):471-481. 

21. Yki-Järvinen H. Insulin resistance and liver 

disease in Type 2 Diabetes Mellitus. Lancet 

Diabetes Endocrinol. 2016;4(4):321-330. 

22. Reaven GM. Role of insulin resistance in 

metabolic Dyslipidemia. Annu Rev Nutr. 

2005;25:391-406. 

23. Lee J, et al. Correlation of HbA1c with lipid 

profiles in T2DM patients. J Endocrinol Invest. 

2021;74(5):1045-1052. 



 

IJMSCRR: March-April, 2025                                                                                                                              Page | 102  

24. Mantovani A, et al. Nonalcoholic fatty liver 

disease and cardiovascular risk in diabetic 

patients. Diabetes Care. 2018;41(2):372-382. 

25. American Diabetes Association (ADA). 

Standards of Medical Care in Diabetes – 2022. 

Diabetes Care. 2022;45(Suppl 1):S1-S16. 

26. European Association for the Study of Diabetes 

(EASD). Management of hyperglycemia in type 

2 diabetes: 2022 consensus report. Diabetologia. 

2022;65(3):285-298. 

27. Nakamura M, et al. Effects of glycemic control 

on liver enzyme normalization. J Hepatol. 

2020;72(5):961-972. 

28. Targher G, Corey KE, Byrne CD. NAFLD, 

insulin resistance, and liver enzymes in T2DM: 

Clinical insights. Diabetes Metab Res Rev. 

2010;26(7):471-481. 

29. Yki-Järvinen H. Insulin resistance and liver 

disease in Type 2 Diabetes Mellitus. Lancet 

Diabetes Endocrinol. 2016;4(4):321-330. 

30. Reaven GM. Role of insulin resistance in 

metabolic Dyslipidemia. Annu Rev Nutr. 

2005;25:391-406. 

31. Lee J, Kim D, Kim H. Correlation of HbA1c 

with lipid profiles in T2DM patients. J 

Endocrinol Invest. 2021;74(5):1045-1052. 

32. Mantovani A, Byrne CD, Bonora E, Targher G. 

Nonalcoholic fatty liver disease and 

cardiovascular risk in diabetic patients. Diabetes 

Care. 2018;41(2):372-382. 

33. American Diabetes Association (ADA). 

Standards of Medical Care in Diabetes – 2022. 

Diabetes Care. 2022;45(Suppl 1):S1-S16. 

34. European Association for the Study of Diabetes 

(EASD). Management of hyperglycemia in type 

2 diabetes: 2022 consensus report. Diabetologia. 

2022;65(3):285-298. 

35. Nakamura M, Ishikawa Y, Kondo Y. Effects of 

glycemic control on liver enzyme normalization. 

J Hepatol. 2020;72(5):961-972. 

36. Almeda-Valdés P, Aguilar-Salinas CA, Uribe 

M. Nonalcoholic fatty liver disease and 

cardiovascular disease: The missing link. J 

Hepatol. 2009;51(6):1148-1160. 

37. Saeed A, Dullaart RPF, Schreuder TC, Blokzijl 

H, Faber KN. Lipid metabolism and NAFLD: 

Insights from Mendelian randomization studies. 

Nat Rev Endocrinol. 2020;16(3):143-155. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

IJMSCRR: March-April, 2025                                                                                                                              Page | 103  

 

 


