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ABSTRACT 

Background: Diabetes is one of the major burdens of non- communicable disease causing widely morbidity and mortality. Glycated 
hemoglobin (HbA1c) has been used as an important tool to monitor glycemic control in patients with type 2 diabetes mellitus and 
elevated HbA1c value is considered as an independent risk factor for dyslipidemia. 

Objective: To investigate the association between glycated hemoglobin (HbA1c) and the lipid profile in non-obese patients with type 
2 diabetes mellitus (T2DM) at a tertiary care teaching hospital in B.G. Nagar, Mandya, Karnataka. 

Methods:  The present prospective cross-sectional study was accomplished at the Adichunchanagiri Hospital and Research Centre, 
Mandya, Karnataka. There were 209 T2DM patients selected for the study (110 females and 99 males), and the data were collected 
through a review of the documented profile file system of patients used at the Hospital. Biochemical data such as fasting plasma 
sugar (FPS), HbA1c and lipid profile, along with the patient’s age, BMI and gender, were also taken from the documented file system. 

Results: Our results display a significant positive relationship between HbA1c and TG, TC, HDL, LDL and VLDL. Pearson correlation was 
performed to determine if there is a correlation between variables Total Cholesterol, Triglycerides, HDL, LDL, VLDL and HbA1c. There 
is a positive correlation between variables Total Cholesterol, Triglycerides, HDL, LDL, VLDL and HbA1c with r= 0.16, r= 0.21, r= -0.22, 
r= 0.25, r= 0.15 respectively. Our study showed that the Male group has lower values for the dependent variables Total Cholesterol, 
Triglycerides, LDL, HDL and VLDL than the Female group. 

Conclusion: The research concludes that the Glycated hemoglobin was associated with Total cholesterol Triglycerides, HDL LDL, VLDL. 
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INTRODUCTION 

iabetes mellitus type 2 (Type 2 DM) is a 
multisystem, chronic, non-communicable disease 
that has become epidemic in scope 1 and has 

become a major global public health issue 2 and are both 
closely related worldwide health problems that are on the 
rise nowadays. Diabetes is a metabolic disorder associated 
with hyperglycemia, is a result of a deficiency in insulin 
action, insulin secretion, or both. The prevalence of 
diabetes needs to be understood by both developing and 
developed countries3. A number of other illnesses, 
including dyslipidemia, are also associated with elevated 
blood glucose  1. 

According to a recent study by the Indian Council of 
Medical Research (ICMR), dyslipidemia is prevalent in the 
Indian population, and this distinctive lipid distribution is 
caused by both hereditary and dietary factors 4. If a person 
is 35 years of age or older, experts advise both men and 
women to have more frequent testing for lipid issues 5. 
The triad of increased triglycerides (TG), decreased high 
density lipoprotein (HDL), and an excess of microscopic, 
dense low density lipoprotein (LDL) particles is referred to 
as diabetic dyslipidemia. Lipid abnormalities are prevalent 
in diabetes mellitus because crucial enzymes and 
metabolic pathways involved in lipid metabolism are 
affected by insulin resistance or deficiency 6. 

Patients with type 2 diabetes who are non-obese have 
been the subject of less investigation. Obese diabetes 
patients have been used as the subject of the majority of 
investigations on diabetes and dyslipidemia. Glycosylated 
haemoglobin (HbA1C), an absolute marker of long-term 
blood glucose control (a reflection of blood sugar 
management in the last three months) (T2DM), is the gold 
standard of glycemic control in persons with type 2 
diabetes mellitus 7.  

HbA1c may be employed as a possible biomarker for 
predicting dyslipidemia and cardiovascular disease (CVD), 
according to numerous studies 8,9. The level of circulating 
HbA1c is the gold standard for glycemic control and must 
be maintained to prevent complications from T2DM. The 
HbA1c assay provides an accurate and exact 
measurement of long-term glucose levels and is 
associated with a higher risk of developing diabetic 
complications. 

Our study mainly focused on the association between 
HbA1c and the lipid profile in patients with non- obese 
Type 2 Diabetes Mellitus in a tertiary care hospital in B. G 
Nagar, Mandya, Karnataka. 
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METHODS 

Study site: Adichunchanagiri Hospital and Research 
Centre, Mandya District.  

Study design: “It is a hospital based Prospective Cross 
sectional study.”  

Study period: The study was carried out over a period of 
6 months.  

Study criteria:  

Inclusion criteria: • Patients of age above 35.  

• Patients who are having Type 2 Diabetes Mellitus.  

• Patients who are Non-obese.  

Exclusion criteria: • Patients who are having Type 1 
Diabetes Mellitus. 

 • Patients suffering from CVD, thyroid disorders, renal 
problems and those taking Lipid lowering agents.  

Source of data: Patient data relevant to the study was 
obtained from the documented Patient medical records.  

Method of data collection: The approval of ethics 
committee of the institution was obtained prior to the 
commencement of the study. This prospective and 
community based study was conducted in 
Adichunchanagiri Hospital and Research Centre, BG 
Nagar. The study was carried out for over a period of 6 
months. The study was approved by Institutional 
Committee (IRC) and written consent was obtained from 
all the patients. After considering the inclusion criteria 
(patients of age above 35, patients who have Type 2 DM 
and who are non-obese) and exclusion criteria (patients 
who have type 1 DM, patients who have CVD, thyroid 
disorders, renal problems and those who are taking lipid 
lowering agents), the patients were enrolled in the study.  

There were 209 patients Type 2 Diabetes Mellitus patients 
selected for the study 110 females and 99 males), and the 
data were collected through a review of the documented 
medical record system used at the hospital. Biochemical 
data such as Fasting blood glucose (FPG), HbA1c and lipid 
profile, along with the patient’s age, BMI and gender were 
also taken from the medical records. 

Interpretation of lipid profile value was done as per 
national cholesterol education program-Adult treatment 
panel III (NCEP-ATPII). According to these guidelines’ 
recommendation normal, desirable, borderline and high-
risk level of total cholesterol (TC) was defined as up to 
240mg/dl respectively. Triglyceride (TG) value up to 149 
mg/dl, 150-199 mg/dl, 200-499 mg/dl and >500 mg/dl was 
defined as optimal normal, borderline, high and very 
highrisk level TG respectively. Low density lipoprotein 
(LDL) level was defined optimal risk when 190 mg/dl 
respectively and low risk HDL as >60 mg/dl and high-risk 
level <40 mg/dl7.  

Interpretation of Glycated Haemoglobin was done as per 
American Diabetic Association (ASA). According to these 
guidelines’ recommendation Non diabetic adults, pre-
diabetic and diabetic was defined as <5.7%, 5.7-6.4% and 
>/=6.5% respectively. Glycemic status was divided into 
two groups; Good Glycemic Control (GGC) if HbA1c <7% 
and Poor Glycemic Control (PGC) if HbA1c ≥ 7% as per ADA 
criteria. 

RESULTS 

In our study, there were a total of 209 patients. Age of the 
patients ranged from 30 to 90 years. Demographic 
parameters are shown in Table 1. There was no 
statistically significant difference in age, BMI, FBS and 
HbA1c between the two genders. 

 

Table 1: Comparison of Age, BMI, FBS and HbA1C in different genders 
 

Gender N Mean SD t P Value 

Age Male 99 55.41 12.74 1.556 0.121 

Female 110 52.65 12.86 

BMI Male 99 19.11 15.67 0.086 0.932 

Female 110 18.92 15.12 

HbA1c Male 99 10.37 1.98 0.494 0.622 

Female 110 10.24 2.03 

FBS Male 99 245.95 65.75 0.778 0.437 

Female 110 239.25 58.76 

                      *Statistical significance set at 0.05; N: Number of samples; SD: Standard deviation 

A total of 200 (95.69%) patients had poor glycemic control (Table 2). 
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Table 2: Frequency and mean of poor glycemic control patients in different gender. 

 N % Mean SD 

HbA1c>7% 200 95.69 10.46 1.8 

HbA1c>7%(Male) 99 49.50 10.45 1.8 

HbA1c>7%(Female) 101 50.50 10.35 1.9 

Among 209 patients, 200 patients had poor glycemic control and among them 99 (49.50%) male patients and 101 (50.50%) 
female patients had poor glycemic control. 

Table 3: Lipid profile level in DM patients. 

 Cholesterol TG LDL HDL 

Optimal   143(68.42%) 3(1.44%) 

Desirable 192(91.8%) 20(9.5%) 43(20.5%) 12(5.74%) 

Border-line 9(4.3%) 89(42.5%) 14(6.7%) 194(92.8%) 

High 8(3.8%) 100(47.8%) 9(4.3%)  

Total 209 209 209 209 

Table 4: Correlation of HBA1C and lipid profile 
 

Lipid Profile 

Total Cholesterol Triglycerides HDL LDL VLDL 

HbA1c Pearson Correlation .159 .206 -.224 .248 .152 

Sig. (2-tailed) 0.022* 0.003* 0.001* <.001* 0.028* 

N 209 209 209 209 209 

 

DISCUSSION 

The top three nations with the greatest number of 
diabetics in 2019 are China (116.4 million), India (77.0 
million), and the United States of America (31.0 million), 
according to the International Diabetes Federation (IDF). 
China (140.5 and 147.2 million people) and India (101.0 and 
134.2 million people) are anticipated to continue to have 
the largest burden of diabetes in 2030 and 2045, 
respectively 10. This is corroborated by the Global Burden 
of Disease Study, which found that the absolute number of 
individuals with diabetes is rising due to population 
expansion and ageing in the world's largest nations, such 
as China and India 11. 

The mean age of type2 DM patients were 55.41±12.74 and 
52.65±12.86 years for male and female respectively. A 
study done by Hussain et al12 showed mean age of 
51.71±11.70 years for male and 50.97±10.23 years for 
female. Another study by Tilchan et al.13 had nearly equal 
number of participants as ours and depicted mean age of 
male and female patients to be 57.7±16.1 and 61.89±15.46 
years respectively thus revealing that more elderly people 
with type 2 DM visited our hospital. Presence of various risk 
factors, poor dietary intake, change in life style, low 
physical exercise may be an explanation for these observed 
difference14–16. 

Most of our patients had poor glycemic control (n=200, 
95.6%). Majority of them were female patients and mean 
HbA1c among poor glycemic control patients was 
10.46±1.8 (Table 2). However, numerous investigations 

contradicted the gender preponderance 9,12. 

Our study also found that more than 90% of the patients 
had increase in TC and HDL. Meanwhile 68% of the patients 
had optimal level of LDL. We also found more than 80% of 
the patients had an increase in the level of TGs. Several 
studies13,17 that were done on obese patients had  different 
results than our results. This shows the the association 
between HbA1c and lipid profile may vary in obese and 
non-obese patients. 

HbA1c levels could be employed as a possible biomarker 
for recognizing T2DM patients at risk of CVD and could be 
used as a guide for treating patients(17). Our results display 
a significant positive relationship between HbA1c and TG, 
TC, HDL, LDL and VLDL. Pearson correlation was performed 
to determine if there is a correlation between variables 
Total Cholesterol, Triglycerides, HDL, LDL, VLDL and HbA1c. 
There is a low, positive correlation between variables Total 
Cholesterol, Triglycerides, HDL, LDL, VLDL and HbA1c with 
r= 0.16, r= 0.21, r= -0.22, r= 0.25, r= 0.15 respectively. The 
result of the Pearson correlation showed that there 
was a significant correlation between Total Cholesterol 
and HbA1c, r(207) = 0.16, p = .022, Triglycerides and 
HbA1c, r(207) = 0.21, p = .003, HDL and HbA1c, r(207) = -
0.22, p = .001, LDL and HbA1c, r(207) = 0.25, p = <.001, 
VLDL and HbA1c, r(207) = 0.15, p = .028.  

Our study showed that the Male group has lower values for 
the dependent variables Total Cholesterol (M = 161.27, SD 
= 38.12) than the Female group (M = 165.68, SD = 39.04). 
The descriptive statistics show that males have lower 
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values for the dependent variable Triglycerides (M = 
199.48, SD = 69.92) than females (M = 211.55, SD = 66.88). 
The results of the descriptive statistics show that the Male 
group has lower values for the dependent variable HDL (M 
= 29.11, SD = 7.16) than the Female group (M = 29.66, SD = 
8.69). The results of the descriptive statistics show that the 
Male group has lower values for the dependent variable 
LDL (M = 91.64, SD = 33.1) than the Female group (M = 
92.67, SD = 31.42). The results of the descriptive statistics 
show that the Male group has lower values for the 
dependent variable VLDL (M = 37.65, SD = 10.77) than the 
Female group (M = 39.4, SD = 11.54).  

These results are relevant to the metabolic impact of 
hyperglycemia and insulin insufficiency on different lipid 
markers. HbA1c with various lipid profile components has 
yielded conflicting findings in numerous research 
conducted by numerous authors 9,12,18. These contradictory 
results were brought about by variations in lifestyle, 
genetic, behavioral and environmental factors 19,20. 
Therefore, taking steps to alter unhealthy lifestyles, 
encouraging a healthy diet, shedding pounds, and engaging 
in regular exercise are necessary to improve or control 
diabetic dyslipidemia 21. 

The strength of the study is that we had the complete 
biochemical data of the patient. The present study is not 
without limitations. The sample size was too small. 
Patient’s dietary habits, duration of regular physical 
activity, lifestyle patterns were undetermined. 

CONCLUSION 

The use of HbA1c as a sign of dyslipidemia in our 
population should be undertaken with caution. Further 
research has to be conducted on non-obese diabetes 
patients. Our study found out that the Glycated 
Haemoglobin was associated with TG, TC, LDL-C, HDL-C 
levels in non- obese patients. 
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