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Abstract 
 

This is a cross-sectional study that was carried out from 1st September 2012 to 31st Decem-
ber 2012, at Ibri Polyclinic, Oman To assess the relationship between glycemic control (as 
reflected by glycated hemoglobin; HbA1c) and serum lipid profile in type 2 diabetic patients 
attending a primary care polyclinic, Oman, and included 123 type 2 diabetic patients (64 
males and 59 females). The mean ±SD of age was 50.8 ± 11.5 years for males and 54.3 ± 10.1 
years for females. During their regular visits to the clinic for clinical follow up, venous blood 
samples were collected from all subjects after at least 8 hours fasting. Blood specimens were 
collected into EDTA tubes for HbA1c and in Serum Separator Tube for fasting glucose 
(FSG) and lipid profile measurement. The data were evaluated by SPSS statistical package 
version 16. The results were analyzed using independent samples t-test (2-tailed), Pearson’s 
correlation. There were no significant differences in the mean values of the different pa-
rameters between males and females except the significantly lower mean HbA1c and higher 
mean HDL-C in females. This may reflect better adherence to diabetic management by fe-
males as well as the known higher HDL-C in females due to gender effect particularly estro-
gen effect during reproductive age. Also, the glycemic state and lipid profile were better in 
those aged >50 year than those aged <50 year. Meanwhile, hypercholesterolemia was found 
in 45 (36.6%) patients, hypertriglyceriemia was found in 20 (16.3%) patients, decreased 
HDL-C was found in 29 (23.6%), and increased LDL-C was found in 58 (47.2%) patients, 
Forty-one (33.3%) patients had no abnormal lipid profile parameters, 25 (20.3%) patients 
had only one abnormal lipid profile parameters, 26 (21.1%) patients had two abnormal lipid 
profile parameters, and 31 (25.2%) patients had more than two abnormal lipid profile pa-
rameters. According to Diabetes Control and Complications Trial/National Glycohemoglo-
bin Standardization Program (DCCT/NGSP), 17 (25%) males out of 64 and 28 (41.6%) fe-
males out of 59 were dyslypidemic. Dyslipidemia was improved in many diabetics with bet-
ter glycemic control as reflected by HbA1c. Hence, achieving the target of HbA1c will con-
tribute in improving the lipid state, and hence may lessen the diabetic complications in type 
2 diabetic patients. 
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Introduction 
 
Diabetes mellitus is a metabolic disease characterized by 
hyperglycaemia resulting from either insulin deficiency 
or/and insulin resistance. It causes about 5% of all deaths 
globally each year.  The World Health Organization 
(WHO) report in 2010 estimates that the number of dia-
betic patients in Oman will increase up to 190% over the 
next 20 years, from 75,5000 in 2000 to 217,000 in 2025 
[1]. 
 

 
The chronic hyperglycemia of diabetes can damage sev-
eral body organs as a consequence of microvascular and 
macrovascular complications [2, 3]. The macrovascular 
complications of diabetes include cardiovascular disease 
(CVD) such as heart disease and stroke, which are the 
cause of death in 50% of diabetics [4, 5]. On the other 
hand, microvascular complications of diabetes include 
diabetic nephropathy, neuropathy, and retinopathy [6]. 
The cardiovascular risk of diabetes increases further if 
diabetes is associated with dyslipidemia. However, this 
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risk can be reduced by good management and control of 
both hyperglacymia and dyslipidemia [7, 8]. 
 

 
Glycated hemoglobin (HbA1c) is routinely measured to 
check the glycemic control over a preceding 8-12 weeks 
of time [9]. It is used as an indicator for the state of gly-
cemic control, progression of the disease and develop-
ment of complications in diabetic patients [10, 11]. Re-
gardless of dyslipidemia, high HbA1c is now considering 
as an independent risk factor for CVD. A study done by 
Selvin et.al [12] revealed that each 1% increase in abso-
lute HbA1c value in diabetic patients increased the risk of 
CVD by 18 %. One of the major risk factors of CVD in 
type 2 diabetic mellitus is dyslipidemia. The indicators of 
diabetic dyslipidemia include elevated level of triglyc-
erides and LDL-C and low HDL-C. The changes in lipid 
parameters in diabetes mellitus are due to increased free 
fatty acid flux secondary to insulin resistance [13 – 16]. 
Positive relationship between HbA1c and CVD has been 
demonstrated in non-diabetic cases even within normal 
range of HbA1c [17 - 20].  
 

 
The aim of this study was to find out the relationship be-
tween glycemic control as reflected by HbA1c and serum 
lipid profile in type 2 diabetic patients attending Ibri Po-
lyclinic, Ibri, Oman. 

 
Patients and Methods 
 
A total of 124 type 2 diabetic patients (65 males and 59 
females) attending the Diabetic Clinic of Ibri Polyclinic, 
Ibri, Oman from September 2012 to December 2012 were 
included in this study. Venous blood samples were col-
lected from all the subjects after at least 8 hours fasting.  
Blood specimens were collected into EDTA tubes for  
HbA1c and in Serum Separator Tube for fasting glucose 
(FSG) and lipid profile measurement. All the biochemical  

analyses were performed in the Laboratory Department, 
Ibri Polyclinic using an Hitachi 902. Serum was used for 
analyzing lipid profile, which includes total cholesterol 
(TC) by enzymatic (CHOD-PAP), HDL-cholesterol 
(HDL-C) by homogeneous enzymatic (HDL-C plus third 
generation), and triglycerides (TAG) by enzymatic (GPO- 
PAP). LDL-cholesterol (LDL-C) was calculated by 
Friedwald and Frederickson formula and atherogenic risk 
ratio of TC/HDL-C by dividing TC by HDL-C. FSG was 
measured by enzymatic (GOD-PAP) method and HbA1c 
by turbidimetric inhibition standardized method according 
to International Federation of Clinical Chemistry (IFCC) 
and transferable to Diabetes Control and Complications 
Trial/National Glycohemoglobin Standardization Program 
(DCCT/NGSP) [21]. 
 
The data were statistically evaluated by SPSS statistical 
package version 16.0. Independent sample t-test (2-tailed) 
was used to compare means of different parameters. Pear-
son’s correlation test was performed to examine various 
correlations. The value of HbA1c was given as percentage 
of total hemoglobin (%) and values of all other parame-
ters were given in mmol/l. All values are expressed as 
mean ± standard error of mean. The results were consid-
ered significant when P < 0.05. 

 
Results 
 
One hundred and twenty three consecutive patients with 
type 2 diabetes mellitus were followed (64 males, 59 fe-
males). The mean age of males and females was 50.8 ± 
11.5 and 54.3 ±10.1 years, respectively. The mean value 
of HbA1c, LDL, TC/HDL were higher in male   in com-
parison to female patient's and it was significant for 
HbA1c.Whereas, the mean values of total cholesterol 
(TC), L, HDL-C, Triglycerides and Fasting Blood Sugar 
(FBG) were higher in female patients than male.  
 

 
 

Table 1.  Serum lipid profile and glycemic indices (HbA1c and FSG) in all subjects. 
 

 
Parameters 

 
Males (n = 64) 

mean ± SD 
 

 
Female ( n = 59) 

mean ± SD 

 
Significance 

(P) 

T. cholesterol 5.06 ± 1.28 5.27 ± 0.90 0.311 
LDL- Cholesterol 3.16 ± 1.16 3.12 ± 0.82 0.805 
HDL- Cholesterol 1.19 ± 0.39 1.32 ± 0.31 0.038 
Triglycerides 1.52 ± 0.85 1.78 ± 1.02 0.138 
TC/HDL-C 4.59±1.60 4.18±1.25 0.116 
FSG 11.87 ± 4.62 10.96 ± 4.20 0.259 
HbA1c 10.15 ± 2.43 9.09 ± 1.64 0.006 
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Table 2.  Frequency of abnormal lipid profile status  in all subjects . 
 

Status Frequency (%) 
Hyper-Cholesterolemia 45 (36.6%) 
Hyper- Triglycemia 20 (16.3%) 
Low HDL-C 29 (23.6%) 
High LDL-C 58 (47.2%) 
No abnormal lipid profile 41 (33.3%) 
One abnormal lipid profile 25 (20.3%) 
Two abnormal lipid profile 26 (21.1%) 
More than two abnormal lipid profile 31 (25.2%) 

 
Table 3.  Serum lipid profile and glycemic indices (HbA1c and FSG) in all subjects according to age groups. 

 
Parameters Age ≥50years (n = 78) 

Mean ± SD 
Age <50 years( n = 45) 

Mean ± SD 
Significance 

(P) 
T. cholesterol 4.99 ± 0.79 5.45 ± 1.49 0.028 
LDL- Cholesterol 3.00 ± 0.68 3.40 ± 1.38 0.034 
HDL- Cholesterol 1.29 ± 0.36 1.19 ± 0.35 0.110 
Triglycerides 1.51 ± 0.95 1.87 ± 0.88 0.040 
TC/HDL-C 4.07±1.08 4.95±1.81 0.001 
FSG 10.15 ± 3.51 13.65 ± 5.02 <0.01 
HbA1c 9.13 ± 1.7 10.52± 2.55 <0.01 

 
 

Table 4. Relationship between HbA1c and components of serum lipid profile as reflected by Pearson correlation. 

 
   

HbA1c 
 

Pearson Correlation 1 
Sig. (2-tailed)  

HbA1c 

N 123 
Pearson Correlation .192* 
Sig. (2-tailed) .033 

Total Cholesterol 

N 123 
Pearson Correlation .178* 
Sig. (2-tailed) .049 

LDL Cholesterol 

N 123 
Pearson Correlation -.036- 
Sig. (2-tailed) .691 

HDL Cholesterol 

N 123 
Pearson Correlation .109 
Sig. (2-tailed) .229 

Triglycerides 

N 123 
Pearson Correlation .190* 
Sig. (2-tailed) .036 

TC/HDLC Ration 

N 123 
Pearson Correlation .603**  
Sig. (2-tailed) .000 

Fasting Blood Suger 

N 123 
 

*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed). 
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Figure 1. Relationship between HbA1c and fasting serum 
glucose (Pearson correlation). 

 
 
Figure 2. Relationship between HbA1c and 
LDL.Cholesterol (Pearson correlation). 
 

 
 
Figure 3. Relationship between HbA1c and HDL. Choles-
terol (Pearson correlation). 

 
Figure 4. Relationship between HbA1c and triglycerides 
(Pearson correlation). 

 
 
Figure 5. Relationship between HbA1c and total choles-
terol/HDL.Cholesterol (Pearson correlation). 
 
Discussion 
 
In the present study, we have evaluated the pattern of li-
pid profile in type 2 diabetic patients and its correlation 
with HbA1c. The levels of HbA1c differ significantly 
between male and female subjects. On the other hand, 
there was no significant difference in TC, TAG, LDL-C, 
TC/HDL-C ratio and FSG between the male and female 
patients. The level of HDL-C was significantly higher in 
female as compared to male type 2 diabetics. This may 
reflect better adherence to diabetic management by fe-
males as well as the known higher HDL-C in females due 
to gender effect particularly estrogen effect during repro-
ductive age. This study also reveals moderate high preva-
lence of hypercholesterolemia, hypertriglyceridemia, high 
LDL-C and low HDL.C levels. The main lipid abnormal-
ity in our diabetic patients was high LDL-C levels. The 
levels of HbA1c, TC, TAG, TC/HDL-C and FSG were 
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significantly different between those aged ≥50 years and 
<50 years old patients.  Whereas mean HDL-C level was 
slightly higher in patients of ≥50 years compared with 
those of <50 years old, however the difference was not 
statistically significant. This may also reflect better gly-
cemic control and patients’ adherence to diabetic man-
agement. Similarly,  study done by Al Lawati et al [22], 
reported that the younger Omani type 2 diabetics exhib-
ited worse glycemic state compared to older patients.  
 

A highly significant correlation between HbA1c and FSG 
was noted in this study. Similarly, significant correlations 
between HbA1c and TC, LDL-C, and TC/HDL-C ratio 
were observed. In the prospective cohort study included 
418 type 2 diabetics with follow-up until the appearance 
of cardiovascular disorders, it was observed that the main 
lipid predictor of vascular events was mean TC/HDL-C 
ratio with the conclusion to use this ratio as a guide for 
treatment of diabetic dyslipidemia[23]. In this regard it is 
worth to state that apo-B containing particles and small 
LDL-C particles are increased in diabetes and these meta-
bolic indicators are indirectly reflected by TC/HDL-C 
ratio rather than LDL-C alone. The significant association 
between HbA1c with TC/HDL-C ratio in the present 
study suggests the importance of glycemic control reflects 
an improved lipid status.  
 

 
In conclusion, a significant correlation exists between 
HbA1c and lipid profile.The better the glycemic control 
as reflected by HbA1c the better would be the lipidemic 
state. Achieving the target in HbA1c will contribute in 
improving the lipid state, and hence may lessen the dia-
betic complications in type 2 diabetic patients. HbA1c can 
be used as an indicator of glycemic control as well as a 
predictor of lipidemic state in type 2 diabetics.  
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