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ABSTRACT 

Background:Patients with type 2 diabetes (T2DM) have an increased prevalence of 

dyslipidemia, which contributes to their high risk of cardiovascular diseases (CVDs). 

This study is an attempt to determine the correlation between hemoglobin A1c (HbA1c) 

and serum lipid profile and to evaluate the importance of HbA1c as an indicator of 

dyslipidemia with T2DM. 

Materials and Methods: This is a prospective and observational study was accomplished 

at Tertiary care teaching Hospital over a period of 6 months. Patients of either gender 

with an established diagnosis of T2DM were selected according to the American 

Diabetes Association criteria (ADA). These criteria set the following as values that are 

indicative of T2DM: HbA1C ≥6.5%, FPG ≥126 mg/dl, 2-h plasma glucose ≥200 mg/dl 

during an oral glucose tolerance test (OGTT), or random plasma glucose ≥200 mg/dl. 

Results: Blood glucose level was 149.35 ± 13.23 mg/dl and mean HbA1c was 7.96±1.46. 

Mean total cholesterol was 179.53±16.36, mean total triglyceride was 183.74±17.64, 

mean LDL was 105.85±8.50, Mean HDL was 36.94±4.28. HbA1c positively and 

significantly correlated with total cholesterol (r=0.091), LDL (r=0.013), HbA1c 

negatively and significantly correlated with HDL (r= - 0.126), and did not show any 

show correlation with VLDL (r=0.024) and total triglycerides (r=0.103). 

Conclusion: Our study accomplished that HbA1c has a direct, significant correlation 

with total cholesterol, triglyceride, VLDL, and LDL among the lipid profile. Significant 

positive correlation of HbA1c with lipid profiles from our study results implies that 

HbA1c can also be used as a predictor of dyslipidemia in addition to as a glycemic 

control parameter for prevention of complication. 
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INTRODUCTION 

Diabetes mellitus (DM) is a chronic metabolic disorder that occurs as a result of a complex 

inter-action of genetic, environmental factors, and life-style choices. Morbidity and mortality 

due to DM are increasing because of changes in behavior such as an unhealthy diet, physical 

inactivity, being overweight, obesity and tobacco use.
[1] 

T2DM is a rapidly growing public health problem worldwide, with a significant impact on 

health, quality of life and the healthcare system of the countries. According to current 

statistics from the International Diabetes Federation (IDF), 415 million adults have DM 

worldwide; this figure is expected to reach the 642 million marks by 2040, which means 

every 11th individual will be diagnosed as having T2DM.
[2]

 The proportion of people with 

T2DM is increasing in most countries.
[3]

 Nearly 80% of people with the disease live in low- 

and middle-income countries.
[4-6] 

Annually, 5% of all deaths globally are related to DM and its complications.
[7]

 DM was 

responsible for 342,000 deaths in 2015 in this part of the world.
[8]

 Over half (51.3%) of all 

deaths from DM in the region occurred in people under 60 years of age. These early deaths 

may be the result of a combination of factors: the rapidly changing environments and 

lifestyles in the region, late diagnoses, and healthcare systems that are not equipped to 

provide optimal management of the increasing numbers of people with DM.
[9]

 

DM is a metabolic disorder that has a long-term impact on different body systems, 

contributing to the huge burden of morbidity associated with it. Cardiovascular disease 

(CVD) is one group among the spectrum of diseases; altered lipid metabolism in DM 

contributes to atherosclerosis-sis.
[10]

 This greatly increases the risk of CVD com-pared with 

people without DM. The prevalence of CVD is higher in people with T2DM and is also the 

top killer in this population.
[11]

 DM is an independent risk factor for CVD and it potentiates 

the effects of other common risk factors such as smoking, hypertension and dyslipidemia.
[12]

 

HbA1c predicts the risk of developing diabetic complications in patients with DM. Apart 

from classical risk factors like dyslipidemia, elevated HbA1c is an independent risk factor for 

CVD. It is estimated that there is an 18% increased risk of CVD for each 1% rise in absolute 

HbA1c levels in the diabetic population. This positive correlation between HbA1c and CVD 

has been demonstrated in nondiabetic cases, even within the normal range of HbA1c.
[13]

 

The aim of this study was to assess the relationship between glycemic control (HbA1c) and 

serum lipid profile as well as to evaluate the importance of HbA1c as an indicator of 

dyslipidemia in patients with T2DM. 

 

MATERIALS & METHODS 

This is a prospective and observational study was accomplished at Tertiary care teaching 

Hospital over a period of 6 months. 

 

Inclusion criteria 

Patients of either gender with an established diagnosis of T2DM were selected according to 

the American Diabetes Association criteria (ADA). These criteria set the following as values 

that are indicative of T2DM: HbA1C ≥6.5%, FPG ≥126 mg/dl, 2-h plasma glucose ≥200 

mg/dl during an oral glucose tolerance test (OGTT), or random plasma glucose ≥200 

mg/dl.
[14]

 

 

Exclusion criteria 

Patients suffering from CVD, thyroid disorders, renal problems and other endocrinopathies 

and those taking lipid-lowering agents were excluded from the study, as was one patient who 

had type 1 diabetes.  
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There were 50 patients who met our eligibility criteria, and their histories and examination 

data regarding their T2DM presenting symptoms, complications, treatment modalities, 

smoking and social drugs consumption and any other addictions were noted.  Biochemical 

data such as FPG, HbA1c, and lipid profile were also taken.  

All patients’ anthropometric measurements (weight, height and BMI), blood pressure and 

laboratory results, including HbA1c levels, TC levels, TG levels, LDL-C levels and HDL-C 

levels, were collected. For all DM patients, blood samples were collected between 8:00 and 

10:00 AM (12–14 h fasting), and plasma was used for estimating the glucose level. The FPG, 

and HbA1c and lipid profile levels were determined by using an auto analyser. For analysis, 

we characterized the participants’ glycaemic control as poor (HbA1c >7%) or good (HbA1c 

<7%).
[15]

 

 

Statistical analysis 

SPSS version 25 was employed to compute the data. Therefore, the Student’s t-test was used 

for comparison, and quantitative data were stated as the mean and standard deviation. The 

Pearson correlation coefficient was applied to measure the correlation between various 

parameters, and an independent sample t-test was utilized to measure the mean difference 

between different parameters. A linear regression test was computed to find out the 

association between HbA1c and lipid profile, FPG, BMI and age; the results were regarded as 

non-significant when the p-value was >0.050. 

 

RESULTS 

In our study, among 90 Type 2 diabetic individuals included in this study, 56 were male and 

36 were female. 

 

Table 1: Gender Distribution of study population 

 Total Males Females 

No. of patients 90 56 36 

Percentage 100 62.2 37.8 

Chi-Square test p=value 0.259 

 

Table 2: Base-line characteristics of the study subjects. 

 Males Females p-value 

Age 65.73±7.43 59.42±6.54 <0.05 

BMI 31.63±4.64 28.64±3.73 <0.05 

 

Table 3: Distribution of Lipid Profile and Blood indices 

Parameters Mean ± SD 

Blood Glucose (mg/dl) 149.35 ± 13.23 

HbA1c (%) 7.96 ± 1.46 

Total cholesterol (mg/dl) 179.53 ± 16.36 

Triglycerides (mg/dl) 183.74 ± 17.64 

HDL (mg/dl) 36.94 ± 4.28 

LDL (mg/dl) 105.85± 8.50 

VLDL (mg/dl) 36.74±3.58 

 

In [Table 3], Blood glucose level was 149.35 ± 13.23 mg/dl and mean HbA1c was 7.96±1.46. 

Mean total cholesterol was 179.53±16.36, mean total triglyceride was 183.74±17.64, mean 

LDL was 105.85±8.50, Mean HDL was 36.94±4.28. 
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Table 4: Correlation analysis between serum Lipid profile and HbA1c. 

Parameters Pearson Correlation (r) 

Total cholesterol-HbA1c  0.091 

Triglyceride-HbA1c  0.103 

HDL-HbA1c  - 0.126 

LDL-HbA1c  0.013 

VLDL-HbA1c  0.024 

In our study table 4, HbA1c positively and significantly correlated with total cholesterol 

(r=0.091), LDL (r=0.013), HbA1c negatively and significantly correlated with HDL (r= - 

0.126), and did not show any show correlation with VLDL (r=0.024) and total triglycerides 

(r=0.103). 

 

DISCUSSION 

In the present study, we have evaluated the pattern of lipid profile parameters in diabetic 

subjects and its correlation with HbA1c. This study demonstrates the typical dyslipidemia in 

diabetics characterized by high triglyceride, low HDL. Although there was no significant 

difference between male and female, the levels of TC and LDL were significantly higher in 

female as compared to male Type 2 diabetic patients. This finding is in agreement with the 

previous studies.
[16] 

 

Hyperlipidemia in females may be attributed to the effects of sex hormones on body fat 

distribution, which leads to differences in altered lipoproteins.
[17]

 Another reason includes 

differences in coagulation, the pattern of obesity between men and women, and possible role 

for hyperinsulinemia.
[18]

 In our study reveals high prevalence of hypercholesterolemia, 

hypertriglyceridemia, high LDL and low HDL levels which are well known risk factors for 

CVD and abnormality of cholesterol metabolism may lead to heart attacks. Insulin affects the 

liver apolipoprotein production. It regulates the enzymatic activity of lipoprotein lipase and 

Cholesterol ester transport protein. All these factors are likely cause of dyslipidemia in 

Diabetes mellitus.
[19]

 

Moreover, insulin deficiency reduces the activity of hepatic lipase and several steps in the 

production of biologically active lipoprotein lipase may be altered in DM.
[20]

 The main 

disorder in lipid metabolism was hypertriglyceridemia in our study. This finding is in concord 

with our previous study. In the study of Mahato RV et al,
[21]

 54% diabetic individuals had 

elevated LDL and > 50% individuals had increased TG. These findings are similar to our 

study. But in contrast to our present study, they reported low HDL in 73% individuals. In our 

study, a highly significant correlation between HbA1c and Lipid profile which is similar with 

various previous studies.
[22]

 

We also observed significant correlations between HbA1c and TC, LDL and HDL. In various 

studies, HbA1c level was eminent as showing positive correlation with TC, LDL and TG in 

diabetic patients.
[23]

 HDL was shown to be the stronger predictor of CVD in diabetic 

population by ‘The Strong Heart Study’ (data evaluated by Liu et al), with hazard ratios of 

2.23 and 1.80 respectively in male and female.
[24]

 This study showed that increasing HDL 

cholesterol concentrations had significant, curvilinear relationships with CVD and CHD risk. 

Moreover, NCEP ATPIII has recommended using HDL cholesterol in assessing CVD risk in 

patients with diabetes. The measurement of HDL is simple which can be conducted even in 

non-fasting state of patients and can be determined regardless of TG concentration. Hence, 

HDL cholesterol can be of great value in determining dyslipidemia in diabetic subjects.
[25,26] 

 

Significant association of HbA1c with various lipid parameters such as TC, HDL, and LDL 

in present study suggests the importance of glycemic control in order to control dyslipidemia. 

According to, Diabetes complications and control trial (DCCT) established HbA1c as the 

gold standard of glycemic control. The level of HbA1c value ≤7.0% was said to be 
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appropriate for reducing the risk of cardiovascular complications.
[27]

 In the present study, we 

divided diabetic patients into 2 groups as per the HbA1c cutoff of 7.0%. The diabetic patients 

with HbA1c value > 7.0% exhibited a significant increase in TC, TG, LDL, VLDL and 

without any significant alteration in HDL in comparison to patients with HbA1c value 

≤7.0%.  

According to Sultania HA et al showed the impact of glycemic control on various lipid 

parameters in which the diabetic patients were categorized into 3 groups according to their 

HbA1c levels: group 1, good glycemic control (HbA1c 6%–9%) and group 3, worst glycemic 

control (HbA1c>9%). Poor and worst glycemic control is considered as risk factor for 

complications in diabetes. Strict glycemic control lowers the risk of micro- and 

macrovascular complications of diabetes mellitus.
[28]

 Severity of dyslipidemia increases in 

patients with higher HbA1c value. As elevated HbA1c and dyslipidemia are independent risk 

factors of CVD, diabetic patients with elevated HbA1c and dyslipidemia can be considered as 

a very high-risk group for CVD. Improving glycemic control can substantially reduce the risk 

of cardiovascular events in diabetics.
[29] 

 

The strength of the study is that we had the complete biochemical data of the patients and we 

computed a comparison, a correlation and a regression analysis. The present study had a few 

limitations, including being a retrospective study as well as having too small of a sample size 

and the fact that patients’ dietary habits, lifestyle patterns, time since diagnosis with DM and 

duration of regular physical activity were undetermined. The patients included in our study 

were all taking different antidiabetic medications. However, we could not analyze the data 

according to the treatment modalities, and it is possible that such a patient grouping would 

have some impact on the study results. We have not tested the effect of glycemic control on 

various lipid ratios as study of these ratios have proven to be useful as markers for insulin 

resistance and CVD risk in T2D patients.
 

 

CONCLUSION 

Our study accomplished that HbA1c has a direct, significant correlation with total 

cholesterol, triglyceride, VLDL, and LDL among the lipid profile. Significant positive 

correlation of HbA1c with lipid profiles from our study results implies that HbA1c can also 

be used as a predictor of dyslipidemia in addition to as a glycemic control parameter for 

prevention of complication. 

 

REFERENCES 

1. Saeed KMI, Asghar RJ, Sahak MN, et al. Prevalence and risk factors associated with 

diabetes mellitus among Kabul citizens— Afghanistan, 2012. Int J Diabetes Dev Ctries 

2015; 35: 297–303 

2. Tabish SA. Is diabetes becoming the biggest epidemic of the twenty-first century? Int J 

Health Sci 2007; 1: V–VIII. 

3. Saeed KMI. Prevalence and predictors of diabetes mellitus in Jalalabad City, 

Afghanistan-2013. Iran J Diabetes Obes 2014; 1: 1–8. 

4. Martín-Timón I, Sevillano-Collantes C, Segura-Galindo A, et al. Type 2 diabetes and 

cardiovascular disease: have all risk factors the same strength? World J Diabetes 2014; 

5: 444–470. 

5. Zahidullah M, Aasim M, Khan I, et al. Evaluation of patients with coronary artery 

disease for major modifiable risk factors for ischemic heart disease. J Ayub Med Coll 

Abbottabad 2012; 24: 102–105. 

6. Syed I and Khan WA. Glycated hemoglobin – a marker and predictor of cardiovascular 

disease. J Pak Med Assoc 2011; 61: 690–695. 



European Journal of Molecular & Clinical Medicine 

ISSN 2515-8260 Volume 09, Issue 03, 2022 
 
 

2404 
 

7. Dixit AK, Dey R, Suresh A, et al. The prevalence of dyslipidemia in patients with 

diabetes mellitus of Ayurveda Hospital. J Diabetes Metab Disord 2014; 13: 58. 

8. Goldberg IJ. Diabetic dyslipidemia: causes and consequences. J Clin Endocrinol Metab 

2001; 86: 965–971. 

9. Khaw K, Wareham N, Bingham S, et al. Association of hemoglobin A1c with 

cardiovascular disease and mortality in adults: the European prospective investigation 

into cancer in Norfolk. Ann Intern Med 2004; 141: 413–420. 

10. Wexler DJ, Grant RW, Meigs JB, et al. Sex disparities in treatment of cardiac risk 

factors in patients with type 2 diabetes. Diabetes Care 2005; 28: 514–520. 

11. Sibley SD, Thomas W, de Boer I, et al. Gender and elevated albumin excretion in the 

Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and 

Complications (DCCT/EDIC) cohort: role of central obesity. Am J Kidney Dis 2006; 47: 

223–232. 

12. Andersen G, Christiansen J, Mortensen H, et al. Plasma lipid and lipoprotein in type 1 

diabetic children and adolescent in relation to metabolic regulation, obesity and genetic 

hyperlipoprotenimia. Acta Paediatr Scand 1983; 72: 361–365. 

13. Erciyas F, Taneli F, Arslan B, et al. Glycemic control, oxidative stress, and lipid profile 

in children with type 1 diabetes mellitus. Arch Med Res 2004; 35: 134–140. 

14. Ohta T, Nishiyama S, Nakamura T, et al. Predominance of large low density lipoprotein 

particles and lower fractional esterification rate of cholesterol in high density lipoprotein 

in children with insulin-dependent diabetes mellitus. Eur J Pediatr 1998; 157: 276–281 

15. Firdous S and Khan M. Comparison of patterns of lipid profile in type-2 diabetics and 

non-diabetics. Ann King Edward Med Coll 2007; 13: 84–87. 

16. Ginsberg HN. Insulin resistance and cardiovascular disease. J Clin Invest 2000; 106: 

453–458. 

17. Sears B and Perry M. The role of fatty acids in insulin resistance. Lipids Health Dis 

2015; 14: 121. 

18. Ketema EB and Kibret KT. Correlation of fasting and postprandial plasma glucose with 

HbA1c in assessing glycemic control; systematic review and meta-analysis. Arch Public 

Health 2015; 73: 43. 

19. Kishore P, Kim SH and Crandall JP. Glycemic control and cardiovascular disease: 

what’s a doctor to do? Curr Diab Rep 2012; 12: 255–264. 

20. Kahn R et al. Follow-up report on the diagnosis of diabetes mellitus: the expert 

committee on the diagnosis and classifications of diabetes mellitus. Diabetes care. 2003; 

26(11):3160.  

21. Vinod Mahato R, Gyawali P, Raut PP, et al. Association between glycaemic control and 

serum lipid profile in type 2 diabetic patients: glycated hemoglobin as a dual biomarker. 

Biomed Res 2011; 22: 375–380. 

22. Turner R, Holman R, Matthews D, Oakes S, Bassett P, Stratton I, et al. UK Prospective 

Diabetes Study (UKPDS). VIII. Study design, progress and performance. Diabetologia. 

1991; 34(12):877-90.  

23. Anjana RM, Pradeepa R, Deepa M, Mahanta J, Narain K, Das HK, et al.  Prevalence of 

diabetes and prediabetes in 15 states of India: Results from the ICMR–INDIAB 

population-based cross-sectional study: methodological details. Lancet Diabetes 

Endocrinal. 2017; 5(8):585-596. 

24. Li Y, Zhao L, Yu D, Ding G (2018) The prevalence and risk factors of dyslipidaemia in 

different diabetic progression stages among middle-aged and elderly populations in 

China. PLoS ONE 13(10): e0205709. 



European Journal of Molecular & Clinical Medicine 

ISSN 2515-8260 Volume 09, Issue 03, 2022 
 
 

2405 
 

25. Selvin E, Marinopoulos S, Berkenblit G, Rami T, Brancati FL, Powe NR, et al. Meta-

analysis: glycosylated haemoglobin and cardiovascular disease in diabetes mellitus. Ann 

Intern Med 2004; 14: 421-431. 

26. Haffner SM, Lehto S, Ronnemaa T, Pyorala K, Laakso M. Mortality from coronary heart 

disease in subjects with type 2 diabetes and in nondiabetic subjects with and without 

prior myocardial infarction. N Engl J Med 1998; 339: 229-234. 

27. Florkowski C. HbA1c as a Diagnostic Test for Diabetes Mellitus - Reviewing the 

Evidence. Clin Biochem Rev. 2013; 34(2):75–83. 

28. Bunn HF, Haney DN, Kamin S, Gabbay KH, Gallop PM. The biosynthesis of human 

hemoglobin A1c: Slow glycosylation of haemoglobin in vivo. J Clin Invest. 1976; 

57(6):1652-1659. 

29. Sherwani SI, Khan HA, Ekhzaimy A, Masood A, Sakharkar MK. Significance of HbA1c 

Test in Diagnosis and Prognosis of Diabetic Patients. Biomark Insights. 2016; 11:95–

104. 


