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INTRODUCTION

	 Diabetes Mellitus attributes to approximately 5% 
of deaths each year.1 Epidemiological studies have 
demonstrated that Type-2 diabetes mellitus (DM) 
is a well-known risk factor for the development 
of cardiovascular disease (CVD), cerebrovascular 
accidents (CVA), and peripheral vascular diseases.2

	 Diabetic dyslipidemia which is the major 
contributor of micro and macro vascular 
complications is generally characterized by 
an increased plasma triglyceride (TG), low-
density lipoprotein (LDL) and apolipoprotein B 
concentration as well as a decreased high-density 
lipoprotein cholesterol (HDL-C) concentrations. 
Dyslipidemia is a well- recognized and modifiable 
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ABSTRACT
Objective: This study was  aimed to determine the predictive value of HbA1c in detecting dyslipidemia in 
patients with Type-2 Diabetes Mellitus.
Methods: A total of 142 consecutive patients of Type-2 diabetes mellitus were recruited in this study 
after informed consent. The study was conducted for 6 months from January 2019 – June 2019 in Creek 
General Hospital, Korangi, Creek, Karachi. Demographic data and detailed history was taken. A complete 
systemic examination was done for any complications or co-morbids present and related investigations 
were performed including Fasting lipid profile (CHO, TG’s, HDL, LDL, CHO/HDL), serum HbA1c, Creatinine 
and ECG. Data is analyzed on SPSS 16 for mean, frequencies and correlations. Pearsons Chi square test is 
used for analyses of Correlation
Results: In a total of 142 Type-2 diabetic patients 39(27.5%) were Males and 103(72.5%) were females with 
a male to female ratio of 1: 2.6. Mean age was 54.9yrs ± 10.7SD. Mean duration of diabetes was 7.37yrs 
±5.64 SD years. Mean BMI is 26.8 ± 3.67kg/m2. 27(19.01%) patients had HbA1c ≤ 7% whereas 115(80.9%) 
had >7%. 81(57.04%) patients had dyslipidemia. HbA1c exhibited direct correlations with BMI, cholesterol, 
TG’s and LDL and inverse correlation with HDL with significant P value of <.05. TG’s were found significantly 
higher in females when compared with male patients. In addition, Metabolic syndrome also showed a 
strong correlation with increasing HbA1c levels especially in female gender (P0.001).
Conclusion: The results of our study indicates that HbA1c can be used not only as a useful biomarker of 
long-term glycaemic control but also a good predictor of lipid profile.

KEYWORDS: Type 2 Diabetes mellitus, Dyslipidemia, HbA1c, Lipid Profile.

doi: https://doi.org/10.12669/pjms.36.6.2000
How to cite this:
Kidwai SS, Nageen A, Bashir F, Ara J. HbA1c – A predictor of dyslipidemia in type 2 Diabetes Mellitus. Pak J Med Sci.                
2020;36(6):1339-1343.   doi: https://doi.org/10.12669/pjms.36.6.2000

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



Pak J Med Sci     September - October  2020    Vol. 36   No. 6      www.pjms.org.pk     1340

Saera Suhail Kidwai et al.

risk factor that if recognized early can result in 
instituting aggressive cardiovascular preventive 
management.3

	 In Type-2 DM, the relative insulin deficiency and 
decreased adiponectin causes decrease lipoprotein 
lipase activity resulting in high levels of low-density 
lipoprotein (LDL), triglyceride and low levels of 
high-density lipoprotein (HDL). Qualitative defects 
in LDL are also seen in Type-2 diabetes including 
atherogenic, glycated or oxidized LDL further 
amplifying the risk of atherogenesis.4,5

	 The diabetes complications and control trial 
(DCCT) established HbA1c as the gold standard 
to assess glycemic control.6 It is considered to 
be the gold standard marker and has shown 
significant relationship with lipid profile of Type-
2 diabetic patients in several research studies. To 
date enough published data is not available from 
our setting to address a linear or inverse linear 
relationship that might exist between HbA1c and 
diabetic dyslipidemia from our region and since 
the phenotypical and genotypical differences of 
this region varies from other Asian, European and 
Western regions, it justifies the objective of this 
study. We have designed this study to determine if 
such a positive relationship exists as it would help 
in early and aggressive therapeutic interventions 
of the targeted patient thus reducing the morbidity 
and mortality as well as the heavy cost that has to 
be tolerated later to meet the demands of managing 
the cardiovascular, cerebrovascular and other 
micro or macrovascular complications.

METHODS

	 This cross sectional comparative cohort study 
was conducted in department of Medicine in Creek 
General Hospital, Korangi, Creek, Karachi. One 
hundred and fifty patients of diabetes mellitus were 
randomly selected from the outdoor and indoor 
patient visiting the Medical Out Patient Department 
and Diabetic Clinic after taking informed consent. 
Ethical review boards approval was taken from the 
ethical review committee of the institution (UMDC/
Ethics/2018/26/12/253, Dated: 26th Dec, 2018). 
Sampling technique is non probability Convenience 
sampling. The age group selected was 40-60 years 
irrespective of gender. History was taken, BMI 
recorded and relevant examination was done.
	 Patients, who were pregnant or had severe heart 
failure, renal failure, uncontrolled or refractory 
hypertension and severe concurrent illness were 
excluded from the study. Serum samples were 
analyzed for fasting and random blood sugars, 

total cholesterol, triglycerides, LDL and HDL 
cholesterol, urea and creatinine using commercially 
available kits. Ultrasound abdomen for the size of 
kidney and 24 hours. urinary protein and creatinine 
clearance were also taken into consideration when 
indicated along with ECG to identify the existing 
chronic kidney disease and ischemic heart disease 
if present. Glycosylated hemoglobin (HbA1c) was 
estimated by Boronate affinity assay.
	 Diabetic patients were classified into two groups 
as per their glycemic index; first group consists of 
patients with HbA1c value ≤7.0% representing fair 
control and second group comprising of patients 
with HbA1c value >7.0% represents poor control. 
According to National Cholesterol Education 
Program Adult Treatment Panel (NCEP ATP III) 
definition Asian modified, Hypercholesterolemia is 
defined as total cholesterol >200 mg/dl, high low-
density lipoprotein cholesterol (LDL-C) when value 
>100 mg/dl, hypertriglyceridemia as triglyceride 
>150 mg/dl and low High-density lipoprotein 
cholesterol (HDL-C) when value is <40 mg/dl. 
	 Dyslipidemia is defined by presence of one or 
more than one abnormal serum lipid concentration 
from above.7 Similarly, the presence of three or 
more of any of the following are considered as 
having Metabolic Syndrome:
1.	 Waist circumference (WC) greater than 90 cm in 

men and 80 cm in women.
2.	 Serum triglycerides (TG) level of at least 150 

mg/dL (1.69 mmol/L).
3.	 High-density lipoprotein cholesterol (HDL-C) 

level of less than 40 mg/dL (1.04 mmol/L) in 
men and 50 mg/dL (1.29 mmol/L) in women.

4.	 Blood pressure of at least 130/85 mm Hg; 5) 
Serum fasting glucose level of at least 110 mg/
dL or 6.05 mmol/L.

	 All values are expressed as mean ± standard 
deviation of mean. Statistical analysis was done by 
independent samples t- test. The results were taken 
significant if p <0.05. The levels of serum lipid 
profile i.e. serum Cholesterol, LDL, Triglycerides, 
HDL were taken as dependent variable and age, 
gender, duration of diabetes, BMI, and HbAIc 
were used as independent variable, Pearson chi 
square test is applied to find out the correlation. 
SPSS 20 is used for statistical analyses.

RESULTS

	 A total of 142 Type-2 diabetic individuals were 
included in this study. The mean duration of 
diabetes in patients was 7.37 ± 5.64 years. Male: 
Female ratio is 39:103. Mean age is 54.95±10.6. 
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The mean BMI was 26.8 ± 3.67 kg/m2 in diabetic 
patients. The demographics and lipid profile in 
both genders which shows significant difference 
in the lipid profile of both genders especially the 
LDL and TG’s level in females which are above the 
normal range as compared to males, in addition, 
male population has a 0.65% higher HbA1c level 
than female are shown in Table-I. However, CHO/
HDL ratio is slightly higher in females.

	 BMI, Cholesterole (CHO), Low density 
lipoproteins (LDL) and Triglycerides (TG’s) are 
significantly correlated with HbA1c whereas 
inverse relation is noted with the High-density 
lipoproteins (HDL). Table-II
	 The comparison of different variables when 
categorized according to the blood sugar control 
that is good control when HbA1c ≤ 7% and poor 
control when it is > 7%, it shows BMI, CHO, LDL and 
TG’s again are significantly high in uncontrolled 
diabetes with mean HbA1c of 10.23±1.99. Table-III.
	 The risk of developing chronic complications 
of diabetes in both genders and shows significant 
association of metabolic syndrome in female gender. 
Frequency of chronic complications of diabetes in 
both genders shows interesting observations as 
HTN seems to be positive in 50% of male diabetics 
and 60% of female diabetics as shown in Table-IV 
Similarly, Metabolic Syndrome was  present in 13% 
of males (5/39) and 43% of females (44/103) which 
shows a significant gender-based difference.

DISCUSSION

	 Elevated HbA1c in addition to dyslipidemia 
has now been regarded as an independent 

HbA1c-A predictor of dyslipidemia in T2D

Table-I: Demographics of male and female 
subjects with BMI, HbA1c and lipid profile.

	 Total (n#142)	 Male (n# 39)	 Female (n#103)

Age	 55.13±10.65	 56.48±9.02	 54.64±11.1
DMYRS	 7.25±5.25	 7.70±4.98	 7.08±5.36
BMI	 26.80±3.67	 26.40±2.96	 26.94±3.9
CHO	 177.38±48.5	 173.36±57.5	 178.83±45
TGs	 165.92±59.39	 149.73±58.2	 171.81±59
LDL	 106.10±36.33	 99.66±43.4	 108.44±33
HDL	 39.52±12.8	 42.80±15.6	 38.33±11
CHO/HDL	 4.87±2.58	 4.35±1.3	 5.06±2.8
HbA1c	 9.33±2.28	 9.74±2.25	 9.19±2.3

Table-II: Pearson’s Correlation of HbA1c with age, 
duration of diabetes, BMI and Lipid profile.

		  HbA1c

HbA1c	 Pearson Correlation	 1
	 Sig. (2-tailed)	
	 N	 142
Age	 Pearson Correlation	 0.040
	 Sig. (2-tailed)	 0.633
	 N	 142
Dmyrs	 Pearson Correlation	 -0.013
	 Sig. (2-tailed)	 0.874
	 N	 142
BMI	 Pearson Correlation	 0.243(**)
	 Sig. (2-tailed)	 0.004
	 N	 142
CHO	 Pearson Correlation	 0.179(*)
	 Sig. (2-tailed)	 0.033
	 N	 142
TGs	 Pearson Correlation	 0.262(**)
	 Sig. (2-tailed)	 0.002
	 N	 142
LDL	 Pearson Correlation	 0.166(*)
	 Sig. (2-tailed)	 0.048
	 N	 142
HDL	 Pearson Correlation	 -0.218(**)
	 Sig. (2-tailed)	 0.009
	 N	 142
CHO/HDL	 Pearson Correlation	 -0.042
	 Sig. (2-tailed)	 0.617
	 N	 142

Table-III: Demographics and lipid profile of 
subjects when categorized in HbA1c ≤ 7% 

(fair control) and >7% (poor control).
	 HBA1c_grp
	 up to 7.00	 above 7.00
	 Mean	 Standard	 Mean	 Standard
		  Deviation		  Deviation

Age	 57.07	 8.19	 54.45	 11.15
DMYRS	 7.33	 6.03	 7.38	 5.57
BMI	 24.00	 2.67	 27.26	 3.50
CHO	 154.11	 38.85	 183.62	 50.79
TGs	 138.56	 37.93	 175.39	 61.01
LDL	 97.85	 27.53	 107.59	 38.98
HDL	 42.26	 12.56	 39.84	 11.98
CHO/HDL	 4.64	 1.31	 4.95	 3.01
HbA1c	 6.18	 0.57	 10.23	 1.99

Table-IV: Frequency of chronic complications of 
diabetes in Male and Female genders (n# 142).

	 Males (n#39)	 Females(n#103)
	 Yes	 No	 Yes	 No

Hypertension	 19	 20	 61	 42
Metabolic Syndrome	 5	 34	 44	 59
Ischemic Heart Disease	 7	 32	 14	 89
Chronic Kidney Disease	 9	 30	 10	 93
Cerebrovascular Accident	 1	 38	 2	 101
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risk factor for CVD in subjects with or without 
diabetes. Estimated risk of CVD has shown to be 
increased by 18% for each 1% increase in absolute 
HbA1c value in diabetic population. Positive 
relationship between HbA1c and CVD has been 
demonstrated in non-diabetic cases even within 
normal range of HbA1c.8

	 Insulin resistance has a major role in the 
pathogenesis of diabetic dyslipidemia as there 
is evidence of increased release of free fatty-acid 
from insulin resistance fat cells. The free fatty 
acids entering into the liver in the presence of 
glycogen promotes triglyceride production and 
also secreation of apolipoprotein B and VLDL 
cholesterol, thus resulting in fatty liver. Similarly, 
higher levels of circulating insulin is also associated 
with low HDL levels.9 As one of the manifestations 
of insulin resistance is a higher HbA1c therefore, 
it may be a common factor in the present study, 
although insulin is not measured in our study to 
confirm the hypothesis but the BMI and presence 
of metabolic syndrome supports our hypothesis 
of insulin resistance associated increasing HbA1c, 
these factors can result as a consequence in 
dyslipidemia as already discussed.
	 Glycated hemoglobin (HbA1c) is a routinely 
used marker for long-term glycemic control as it 
is user friendly. In addition, it is a stable test with 
minimal biological variability and is not affected by 
factors which otherwise has considerable impact 
on glucose measurement.10

	 The concentration of HbA1c predicts diabetes 
complications because it reflects more harmful 
glycation sequelae of diabetes, such as retinopathy 
and nephropathy due to harmful advanced 
glycation end products.11

	 Mean HbA1c levels in our study in both the 
genders is approximately the same however, 
the lipid profile is deranged more in the female 
population, the observation seems very interesting 
in comparison with the hypothesis that somehow, 
HbA1c is responsible for the dyslipidemia. 
Therefore, their seems to be some hidden factors 
responsible for this gender based difference, one 
of which is the post menopausal state (mean age in 
female subjects is 54 yrs ± 11.4 SD) in most of the 
female population which results in low estrogen 
production which is considered cardioprotective. 
This is supplemented by one of the study done by 
Jacob which endorses that the exposure of estrogen 
is negatively associated with Cardiovascular 
events as well as LDL and non HDL cholesterol.12 

	 In the present study, BMI, CHO LDL and TG’s 
have shown a very strong correlation (p< 0.05) 
with each other as well as with increasing HbA1c 
whereas inverse relationship is seen between 
HbA1c and HDL. This observation is proven in 
many international studies although data from 
this geographical region is still limited. Naqvi 
et al has done a similar study in our setting 
and has some interesting results showing that 
high HbA1c (cut-off of 9%) increases the risk of 
hypertriglyceridemia by 2.69 (OR=1.71-4.23, p 
<0.001) or poor glycemic control can increase the 
risk of hypertriglyceridemia by 2.69%.13

	 Metabolic Syndrome in our study has shown 
a very strong association with a higher HbA1c, 
esp in the female gender (44/103) with a P value 
of 0.001. A total of 49(34.5%) patients out of 142 
had and 93 did not have Metabolic syndrome 
with a frequency of 42.7 % in females and 7% in 
males, this observation also endorsed the finding 
in a study done in Multan which shows 43% 
females of Type-2 DM has Metabolic Syndrome.14 
A similar gender difference in prevalence of 
Metabolic syndrome is observed in a study done 
by Seerat and Saroj which revealed that 29% of 
females and 23% of males when screened were 
having Metabolic Syndrome. They observed that 
elevated BMI, low HDL cholesterol, increased 
waist circumference and hyperglycemia proved 
strong contributors to females causing metabolic 
syndrome, whereas in males hypertension and 
elevated triglycerides were the main reasons 
responsible for this alarming comorbid.15

	 The gender-specific pathophysiological 
differences in Metabolic Syndrome has also 
been attributed to prevalence of dysglycemia, 
fat partitioning, adipocyte biology, hormonal 
regulation of body weight and adiposity, and 
effects of estrogen in several studies including the 
study done by Pradhan.16

	 We have proved in our study that hypertension 
has the strongest correlation with Type-2 DM 
as 50% of our male subjects and 60% of female 
subjects have hypertension in addition to Type-
2 diabetes. Our finding is in agreement with the 
earlier study by Lastra which concluded that 
50% of their subjects with type 2 diabetes had 
hypertension as comorbid.17

	 The hyperinsulinemia, which is the hallmark 
of insulin resistance in Type-2 diabetes leads to 
vascular smooth muscle cell proliferation thus 
increased vascular stiffness, in addition it also 
impairs vasodilation, increase oxidative stress and 
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the inflammatory process in the vascular wall. The 
summative effect is the impaired autoregulation 
of vascular tone, increased vascular resistance, 
and BP elevation. The antinatriuretic properties of 
insulin which increases renal retention of sodium 
also aids in the development of hypertension.18

Limitations and recommendations: In our study 
sample size is small therefore, further large 
sample sized RCT’s are required to endorse or 
refute the findings from our region in different 
settings.  Early intervention for screening all 
diabetic patients with a high HbA1c to confirm 
the presence of dyslipidemia and aggressive 
treatment approach is recommended to lower the 
cardiovascular morbidity and mortality in Type-2 
diabetic patients.

CONCLUSION

	 Our study concludes that HbA1c provides 
valuable supplementary information about the 
extent of circulating lipids besides its primary role 
in monitoring long-term glycemic control. Thus, 
dual biomarker capacity of HbA1c (glycemic 
control as well as lipid profile indicator) may be 
utilized for screening high-risk diabetic patients 
belonging to lower socioeconomic strata. As 
elevated HbA1c and dyslipidemia are independent 
risk factors of Cardiovascular disease, diabetic 
patients with elevated HbA1c and dyslipidemia 
can be considered as a very high risk group for 
a ischemic event. Improving glycemic control by 
an aggressive interventional approach and timely 
intervention with statins can substantially reduce 
or delay the risk of those subjects especially who 
has a higher HbA1c with dyslipidemia but hasn’t 
developed ischemic heart disease yet.
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