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Abstract:  
Background: The risk of cardiovascular disease is significantly elevated by dyslipidemia, which is frequently 
associated with type 2 diabetes mellitus (T2DM). Long-term glycaemic management is reflected in glycated 
hemoglobin (HbA1c), which has been suggested as a possible stand-in for lipid problems. Conflicting information 
regarding the relationship between HbA1c and lipid profile components is presently available. 
Aim: To investigate the association between HbA1c level and the lipid profile in elderly T2DM patients, Bihar, 
India. 
Methodology Within this one-year cross-sectional investigation, 90 patients with Type 2 diabetes were evaluated 
with respect to their lipid profiles and HbA1c levels. Following an overnight fast, biochemical assays were carried 
out using a standardized proforma. Descriptive statistics and independent t-tests were used to examine the data 
using SPSS v25, with significance set at p < 0.05. 
Result: The study shows that Type 2 Diabetes patients, especially females, have poor metabolic control, higher 
BMI, and worse lipid and glycemic profiles. Sociodemographic factors like unemployment and low education 
further increased risk, highlighting the need for gender-specific, tailored lifestyle and therapeutic interventions. 
Conclusion: According to the study, people with Type 2 Diabetes frequently have dyslipidemia, obesity, and poor 
glycemic control, which increases their risk of cardiovascular disease. HbA1c may be used as a marker for 
dyslipidemia because of its substantial correlation with lipid abnormalities. Gender disparities underscore the 
necessity of customized care, regular monitoring, lifestyle modifications, and early intervention to enhance results. 
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Introduction 

Type 2 diabetes mellitus (T2DM) is a chronic meta-
bolic disorder that is characterized by a progressive 
deterioration of beta-cell function in the pancreas 
and reduced insulin sensitivity, resulting in chronic 
rises in blood glucose levels [1]. The burden of car-
diovascular illness and mortality linked to long-term 
metabolic dysregulation is increasing along with the 
global prevalence of type 2 diabetes [2]. A prevalent 
metabolic aberration in type 2 diabetes, 
dyslipidemia plays a crucial role in the pathophysi-
ology of atherosclerotic cardiovascular disease, 
which is still the main cause of death for diabetic pa-
tients [3]. 
It is anticipated that 552 million individuals will be 
diabetic by 2030, and approximately 366 million in-
dividuals were diagnosed with diabetes in 2011. An 
estimated 400 million individuals have impaired 
glucose tolerance and 380 million have type 2 dia-
betes. Diabetes is underestimated because many in-
stances go undetected. There was no discernible cor-
relation between the lipid profile and HbA1c in In-
dian diabetes individuals [4]. 

Glycated hemoglobin (HbA1c) is a widely used in-
dicator of long-term glycaemic control, indicative of 
the average blood glucose levels over the previous 
two or three months [5]. Through insulin resistance, 
increased lipolysis, and hepatic overproduction of 
very low-density lipoproteins (VLDL), persistent 
hyperglycemia has been linked to changes in lipid 
metabolism [6]. The link between HbA1c levels and 
lipid profile characteristics has been the subject of 
conflicting study findings, with some studies report-
ing weak or non-significant relationships and others 
showing statistically significant correlations [7]. 
The American Diabetes Association (ADA) states 
that pre-diabetic people may be identified with 
HbA1c levels between 5.7% and 6.4%, but a gly-
cated hemoglobin (HbA1c) level of ≥6.5% is sug-
gested for the diagnosis of diabetes. Small intra-in-
dividual variability, a reflection of the average 
plasma glucose during the preceding two to three 
months, and the assessment's viability without the 
requirement for fasting are factors that support the 
use of HbA1c levels in the diagnosis and monitoring 
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of diabetes mellitus [8]. However, because HbA1c 
has a reduced test sensitivity in some patient catego-
ries, such sickle cell anemia, or in other populations, 
like the Asian population, its usage should be done 
with caution [9]. 
The average blood glucose level during the previous 
two to three months is reflected in glycated hemo-
globin (HbA1c), which is created by the non-enzy-
matic glycation of hemoglobin. For evaluating long-
term glycemic control in individuals with diabetes 
mellitus, it is generally acknowledged as the gold 
standard [10]. It has been demonstrated that poor 
glycemic control, as evidenced by higher HbA1c 
levels, negatively impacts lipid metabolism by 
boosting hepatic triglyceride production, reducing 
lipoprotein clearance, and increasing free fatty acid 
flow from adipose tissue. 
In clinical practice, lipid profile assessments are typ-
ically conducted on a regular basis, while HbA1c is 
routinely measured to monitor glycemic control. If a 
substantial correlation between HbA1c and lipid pa-
rameters is demonstrated, HbA1c could be em-
ployed as a straightforward and cost-effective indi-
cator to identify diabetic patients who are at an in-
creased risk of cardiovascular disease and 
dyslipidemia [11]. In environments with low re-
sources, where regular lipid monitoring would not 
be possible, this might be very helpful. 
Although HbA1c is employed as a metric for glyce-
mic control and the complications that accompany 
diabetes, certain studies question the correlation be-
tween HbA1c and dyslipidemia. There was no dis-
cernible correlation between the lipid profile and 
HbA1c in Indian diabetes individuals. Furthermore, 
some research revealed a favorable correlation be-
tween HbA1c and triglycerides, while others discov-
ered a negative correlation between HbA1c and low-
density lipoprotein (LDL) [12]. In research includ-
ing 206 diabetic patients only triglyceride was found 
to be substantially correlated with HbA1c [13]. The 
necessity for more research on the relationship be-
tween HbA1c and the lipid profile in diabetes indi-
viduals was brought to light by these conflicting re-
sults. Thus, this research was conducted to examine 
the correlation between HbA1c and the lipid profile 
in a relatively large sample of patients with T2DM. 
Consequently, this investigation focused on the cor-
relation between HbA1c levels and lipid profile pa-
rameters, including total cholesterol, HDL choles-
terol (HDL-C), LDL cholesterol (LDL-C), and tri-
glycerides, in patients with T2DM who were treated. 
To determine whether glycaemic control alone ac-
curately represents lipid-related cardiovascular risk 
in this group, it is crucial to comprehend this link. 
Methodology 
Study Design: The purpose of this cross-sectional 
retrospective study was to analyze the relationship 
between lipid profile characteristics and glycemic 

management, as measured by glycated hemoglobin 
(HbA1c), in individuals with Type 2 Diabetes Melli-
tus (T2DM). When evaluating relationships between 
metabolic variables in chronic conditions like diabe-
tes mellitus, cross-sectional approaches are fre-
quently utilized. 
Study Area: The study was carried out in the De-
partment of General Medicine, Jawaharlal Nehru 
Medical College and Hospital, Bhagalpur, Bihar, In-
dia. 
Study Duration: The study was conducted over a 
period of one year from January 2018 to December 
2018. 
Sample Size: A total of 90 patients were included in 
the study. The sample size was determined based on 
feasibility and availability of eligible patients during 
the study period, similar to earlier hospital-based ob-
servational studies assessing metabolic correlations 
in diabetes. 
Study Population: The study population comprised 
of patients (90) with a confirmed diagnosis of Type 
2 Diabetes Mellitus attending the outpatient depart-
ment or admitted to medical wards during the study 
period. 
Data Collection: A pre-structured proforma was 
used to gather clinical and demographic data follow-
ing the acquisition of signed informed permission. 
Age, gender, length of diabetes, and specifics of 
therapy were noted. Prior to blood sample collec-
tion, all participants were advised to fast for eight to 
ten hours, since this is advised for precise lipid cal-
culation. 
Inclusion Criteria  
• Patients aged 30 years and above 
• Diagnosed cases of Type 2 Diabetes Mellitus 
• Both male and female patients 
• Patients willing to provide informed consent 

Exclusion Criteria 

• Patients with Type 1 Diabetes Mellitus 
• Patients on lipid-lowering therapy, which could 

alter lipid profile values 
• Known cases of chronic kidney disease, due to 

its influence on lipid metabolism 
• Chronic liver disease 
• Hypothyroidism, as it independently affects li-

pid levels 
• Acute infections, inflammatory conditions, or 

recent hospitalization 
• Pregnant women 

Study Procedure: The research on population's 
clinical and sociodemographic features was summed 
together using descriptive statistics. Frequencies and 
percentages were used to represent categorical vari-
ables such gender, age groups, smoking status, mar-
ital status, employment status, and educational level. 
To characterize central tendency and dispersion, 
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continuous variables such as body mass index 
(BMI), systolic and diastolic blood pressure, fasting 
blood glucose, glycated hemoglobin (HbA1c), and 
lipid profile parameters (total cholesterol, triglycer-
ides, HDL-c, and LDL-c) were displayed as mean, 
standard deviation, minimum, and maximum values. 

Standard clinical cut-off values were also employed 
to categorize biochemical parameters for analytical 
purposes, thereby facilitating comparison and inter-
pretation. The percentage of patients with aberrant 
clinical results, such as hyperglycemia and 
dyslipidemia, was determined with the use of this 
classification. 

To investigate disparities in clinical and biochemical 
parameters between male and female participants, 
inferential statistical analysis was implemented. The 
mean values of continuous variables were compared 
between the two groups using independent sample t-
tests. Prior to applying for the tests, the assumptions 
of homogeneity of variance and normality were con-
sidered. A statistically significant difference be-
tween groups was shown by a p-value of less than 
0.05. 

In order to spot trends and patterns in the data, espe-
cially with regard to glycemic control, body mass in-
dex categories, and cholesterol problems, summary 
statistics were also carefully examined. The entire 
analytical strategy was created to investigate gen-
der-based variations in these variables and to give a 
comprehensive picture of the distribution and 

variance of clinical parameters within the research 
population. 

Statistical Analysis: All models failed to satisfy the 
homoscedasticity requirement when the line of best 
fit in the plot of studentized residual vs. standardized 
projected values was examined. The F test and the 
Breusch-Pagan test for heteroskedasticity both 
showed that heteroskedasticity was present in every 
model. SPSS 25.0 was used to estimate the het-
eroskedasticity-adjusted standard errors, p-values, 
and t-statistics. Regression analysis was conducted 
without excluding highly influential/multivariate 
outlier cases after ensuring that data entry errors 
were absent. This was done to avoid distorting the 
results by excluding extreme values solely due to 
their extremeness, as it would remove information 
about the inherent variability in the clinical samples. 

Result 

Table: 1 The study included 90 participants, with a 
slightly higher proportion of males (53%) than fe-
males (47%). The majority of participants were aged 
between 55 and 64 years (40%), followed by 45–54 
years (30%). Most were non-smokers (84%) and 
married (80%). Regarding employment status, 40% 
were unemployed, 33% employed, and 27% retired. 
In terms of educational attainment, the largest group 
had completed secondary education (42%), fol-
lowed by primary education (31%), while 7% of par-
ticipants were illiterate.

 
Table 1: Sociodemographic Characteristics of Study Subjects (n = 90) 

Characteristics Frequency Percentage (%) 
  Gender 
Female 42 46.7 
Male 48 53.3 
  Age 
45–54 years 27 30 
55–64 years 36 40 
65–74 years 18 20 
≥75 years 9 10 
   Smoking 
Smoker 14 15.6 
Non-Smoker 76 84.4 
   Marital Status 
Single/Divorced/Widowed 18 20 
Married 72 80 
     Employment 
Employed 30 33.3 
Unemployed 36 40 
Retired 24 26.7 
    Educational Level 
Primary education 28 31.1 
Secondary education 38 42.2 
University/Postgraduate 18 20 
Illiterate 6 6.7 
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Table: 2 The clinical and biochemical assessment of 
the 90 participants showed that most were over-
weight or obese, with a mean BMI of 29.5 kg/m². A 
large proportion had elevated glycemic levels, as in-
dicated by 91% having HbA1c ≥6.5% and 93% 
showing high fasting blood glucose, with a mean of 

176.2 mg/dL. Lipid profile analysis revealed that 
while 58% had normal total cholesterol, 42% were 
elevated, and triglycerides were high in 44% of par-
ticipants. HDL-c was low in 44%, and LDL-c was 
elevated in 60%, indicating a considerable preva-
lence of dyslipidemia among the study population.

 
Table 2: Distribution of Clinical/Biochemical Parameters (n = 90) 

Clinical/Biochemical Parameters Frequency (%) Minimum Maximum Mean SD 
BMI (kg/m²) 
Underweight 2 (2.2) 18.5 38.8 29.5 4.6 
Normal 14 (15.6) 
Overweight 30 (33.3) 
Obese Grade I 24 (26.7) 
Obese Grade II 14 (15.6) 
Obese Grade III 6 (6.6) 
HbA1c (%) 
Normal (<6.5%) 8 (8.9) 5.8 13.2 8.1 1.4 
High (≥6.5%) 82 (91.1) 
Fasting Blood Glucose (mg/dL) 
Normal 6 (6.7) 112 350 176.2 38.5 
High 84 (93.3) 
Total Cholesterol (mg/dL) 
Normal (<200) 52 (57.8) 125 305 190.4 41.2 
High 38 (42.2) 
Triglycerides (mg/dL) 
Normal (<150) 50 (55.6) 65 410 152.8 70.3 
High 40 (44.4) 
HDL-c (mg/dL) 
Normal (>40) 50 (55.6) 26 75 41.8 11.6 
Low 40 (44.4) 
LDL-c (mg/dL) 
Normal (<100) 36 (40.0) 62 205 116.2 32.8 
High 54 (60.0) 

 
Table: 3 Gender-wise analysis of clinical and bio-
chemical parameters revealed significant differ-
ences in several measures. Females had a higher 
mean BMI (30.2 vs. 28.9, p = 0.029) and HbA1c lev-
els (8.3% vs. 7.9%, p = 0.046) compared to males. 
Total cholesterol (195.6 vs. 185.8 mg/dL, p = 
0.023), HDL-c (44.1 vs. 39.8 mg/dL, p < 0.001), and 
LDL-c (119.4 vs. 113.5 mg/dL, p = 0.038) were also 

higher in females. Males showed higher diastolic 
blood pressure (74.9 vs. 71.8 mmHg, p = 0.005), 
while differences in systolic BP, fasting glucose, and 
triglycerides were not statistically significant. These 
results suggest that females in this study had rela-
tively higher adiposity and lipid levels, whereas 
males had higher diastolic pressure.

 
Table 3. Gender-wise Distribution of Clinical/Biochemical Parameters (n = 90) 

Clinical/Biochemical 
Parameter 

Gender Mean SD Minimum Maximum t-Statistics p-
Value 

BMI Female 30.2 4.4 20.3 38.8 2.21 0.029 
Male 28.9 4.7 18.5 37.5 

Systolic BP Female 135.8 17.6 102 185 -1.05 0.296 
Male 138.1 18.2 105 188 

Diastolic BP Female 71.8 8.5 56 94 -2.85 0.005 
Male 74.9 8.8 60 98 

Glucose Female 178 40.1 112 350 0.48 0.631 
Male 174.5 36.8 118 330 

HbA1c Female 8.3 1.5 6 13 2.02 0.046 
Male 7.9 1.3 5.8 13.2 

Total Cholesterol Female 195.6 42.5 130 305 2.31 0.023 
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Male 185.8 39.6 125 290 
Triglycerides Female 149.2 66.4 70 390 -0.72 0.473 

Male 156.1 74.8 65 410 
HDL-c Female 44.1 12.4 30 75 3.52 <0.001 

Male 39.8 10.2 26 65 
LDL-c Female 119.4 33.6 70 205 2.1 0.038 

Male 113.5 31.9 62 198 
 
Discussion  

The changes in the lipid profile that accompany type 
2 diabetes contribute to the increased risk of cardio-
vascular disease (CVD) in T2DM patients. Numer-
ous studies have found a correlation between HbA1c 
and one or more lipid profile parameters in T2DM 
patients, and some have proposed HbA1c as a po-
tential biomarker for identifying T2DM patients at 
risk of CVD and for identifying their abnormal lipid 
profiles [14].” 

According to our findings, there is a strong positive 
association between HbA1c and both total choles-
terol and triglycerides. These results are consistent 
with some other research that found a substantial 
positive connection between HbA1c and one or 
more lipid profile measures in individuals with type 
2 diabetes. The significant connection between 
dyslipidemia and glycemic control is highlighted by 
both our findings and earlier studies [15]. 

This suggests that in people with type 2 diabetes, 
HbA1c is directly linked to dyslipidemia and indi-
rectly aids in determining the risk of micro- and 
macrovascular issues. Dyslipidemia in people with 
type 2 diabetes is thought to be caused by insulin re-
sistance. Increased TG levels in T2DM patients have 
been associated to insufficient insulin secretion or 
function through a number of pathways [16]. How-
ever, no link was detected between HbA1c and 
HDL-c, while the correlation between HbA1c and 
LDL-c in the current study was weak-positive and 
statistically insignificant [17]. 

 In keeping with a similar earlier study that also 
found a positive significant correlation between 
LDL-c and age [18], the current study also showed 
that the longer age of diabetes patients was substan-
tially linked with total cholesterol level. Further-
more, our findings demonstrated a substantial and 
positive correlation between the diastolic blood 
pressure of T2DM patients and their blood triglycer-
ide and cholesterol levels. 

LDL-c, HDL-c, HbA1c, BMI, total cholesterol, and 
diastolic blood pressure were all considerably higher 
in females than in males, according to the gender-
wise comparison. Similar findings have not been re-
ported in many other investigations. Our findings, 
however, differ somewhat from those of earlier in-
vestigations. Sex hormone-dependent changes in 
body lipid distribution that led to changes in lipopro-
tein levels may be the cause of gender-related 

variations in lipid parameters [19]. Age, BMI, and 
the amount of time after T2DM diagnosis are other 
variables that might account for the variation in out-
comes. Our individuals were obese because their 
mean BMI was more than 30. It has previously been 
documented that poor blood sugar regulation is 
linked to obesity and inactivity. 

In addition, the statistical capacity of this investiga-
tion was sufficient to identify considerable correla-
tions between parameters. The primary drawback, 
though, is the retrospective cross-sectional method 
used to examine time-varying events like 
dyslipidemia and glycemic control. Future studies 
should compare baseline values, the temporal 
change of HbA1c, and the dyslipidemia profile us-
ing a prospective method. Both our findings and 
other studies demonstrate the critical connection be-
tween dyslipidemia and glycemic control. This sug-
gests that in people with type 2 diabetes, HbA1c is 
directly linked to dyslipidemia and indirectly aids in 
determining the risk of micro- and macrovascular is-
sues. 

Conclusion 

According to the current study, the patient group 
was primarily middle-aged, somewhat male, and 
came from a variety of socioeconomic backgrounds, 
including different levels of education and work. A 
subset of people had a high prevalence of bad life-
style choices including smoking. Clinically, the ma-
jority of patients had a high prevalence of over-
weight and obesity as well as raised glycemic indi-
ces, which indicate inadequate diabetes manage-
ment. Additionally, dyslipidemia was often noted, 
indicating a higher cardiovascular risk profile 
among the individuals. Gender-based comparisons 
found significant differences in various biochemical 
markers, indicating that specific risk indicators may 
be more prevalent in females than in males. Overall, 
the results show a significant co-occurrence of obe-
sity, poor glycemic control, and lipid abnormalities, 
highlighting the necessity of all-encompassing man-
agement strategies that emphasize early diagnosis, 
targeted therapeutic interventions, and lifestyle 
modification in order to minimize complications and 
enhance patient outcomes. 
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