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Abstract Diabetic patients with accompanied (but often

unnoticed) dyslipidemia are soft targets of cardiovascular

deaths. An early intervention to normalize circulating lip-

ids has been shown to reduce cardiovascular complications

and mortality. Glycated hemoglobin (HbA1c) is a routinely

used marker for long-term glycemic control. This investi-

gation is an attempt to evaluate the diagnostic value of

HbA1c in predicting diabetic dyslipidemia. Venous blood

samples were collected from 2,220 type 2 diabetic patients

(ages, 35–91 years; male/female ratio, 1.07). The sera were

analyzed for HbA1c, fasting blood glucose (FBG), total

cholesterol, triglycerides, high-density lipoprotein choles-

terol (HDL) and low-density lipoprotein cholesterol (LDL).

The levels of HbA1c did not differ significantly between

males (8.33 ± 0.06%) and females (8.47 ± 0.07%),

whereas female patients had significantly higher FBG

(10.01 ± 0.13 mmol/l) than males (9.31 ± 0.11 mmol/l).

HbA1c showed direct and significant correlations with

cholesterol, triglycerides and LDL and inverse correlation

with HDL. Female diabetic patients had significantly

higher levels of serum cholesterol (5.42 ± 0.03 vs.

5.18 ± 0.03 mmol/l) and HDL (1.32 ± 0.01 vs. 1.12 ±

0.01 mmol/l) as compared to males. There was no signif-

icant difference in triglycerides and LDL between the two

genders. Older patients ([70 years) had significantly lower

FBG, cholesterol, triglycerides and LDL. There was a

linear and significant increase in triglycerides in the

patients of both genders with impaired glycemic control.

Both male and female patients with worse glycemic control

(HbA1c [ 9%) had significantly high cholesterol and LDL

levels. Serum HDL showed a significant and inverse rela-

tionship with uncontrolled hyperglycemia in females but

not in males. These findings clearly suggest that HbA1c can

provide valuable supplementary information about the

extent of circulating lipids besides its primary role in

monitoring long-term glycemic control. Further studies are

warranted to reinforce the potential of HbA1c as a bio-

marker for screening of high-risk diabetic patients.
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Introduction

Diabetes is a global endemic with rapidly increasing prev-

alence in both developing and developed countries [1].

There is a high risk of cardiovascular disease (CVD) in

people with type 2 diabetes, while cardiovascular deaths

represent the top killer in this population [2]. Hyperglycemia

is the apparent feature of diabetes due to diagnostic depen-

dency of patients on blood glucose measurements. However,

most of the individuals may also carry unnoticed dyslipi-

demia, characterized by increased levels of triglycerides and

LDL and decreased HDL. Individuals with coexisting

diabetes and metabolic syndrome (dyslipidemia + hyper-

glycemia + hypertension) have the highest prevalence of

CVD [3]. Giansanti et al. [4] also observed significantly

higher levels of hypercholesterolemia and hyperlipidemia in

type 2 diabetic patients with CVD as compared to diabetic

patients without CVD. Early therapeutic interventions,

aiming to reduce triglycerides and LDL and to increase

HDL, significantly reduce cardiovascular events and mor-

tality in patients with type 2 diabetes [5, 6].
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A significant correlation between dyslipidemia and

systolic blood pressure has been observed in type 2 dia-

betics, suggesting their increased susceptibility to vascular

disease associated with LDL [7]. It is likely that the

combination of hyperglycemia, diabetic dyslipidemia,

insulin resistance and hypertension produces an enhanced

atherogenic environment within the circulation [8]. Infil-

tration of lipoproteins in arterial wall and dermal tissue has

been implicated in atherosclerosis and xanthoma, respec-

tively. Severe hyperlipidemia in diabetes may also lead to

lipid infiltration into the retina, causing macular edema and

retinal hard exudates [9] and blindness [10].

The Diabetes Complications and Control Trial (DCCT)

established glycosylated hemoglobin (HbA1c) as the gold

standard of glycemic control, with levels £7% deemed

appropriate for reducing the risk of vascular complications

[11]. Elevated HbA1c has been regarded as an independent

risk factor for coronary heart disease (CHD) [12] and

stroke [13] in subjects with or without diabetes. Ravipati

et al. [14] observed a direct correlation between HbA1c and

the severity of coronary artery disease (CAD) in diabetic

patients. Whereas, improving the glycemic control can

substantially reduce the risk of cardiovascular events in

diabetics [15, 16]. Moreover, attempts to reduce cardio-

vascular risks resulted in the improvement of HbA1c even

in the absence of any specific intervention targeted at

improving glycemic control [17]. Nakamura et al. [18]

have observed significant elevation of soluble form of

receptor for advanced glycation end products (sRAGE) in

type 2 diabetic patients with CAD. They also demonstrated

significant association between sRAGE and HbA1c as well

as serum lipids [18].

In view of above literature, it was rationalized to testify

the potential of HbA1c as a possible predictor of dyslipi-

demia in type 2 diabetes. We, therefore, examined the

relationship between glycemic control and serum lipid

profile and evaluated the relevance of HbA1c as an indi-

cator of circulating lipids in type 2 diabetic patients.

Patients and methods

This retrospective study comprised a total of 2,220 type 2

diabetic patients who visited the clinics of Armed Forces

Hospital, Riyadh. There were 1,148 males and 1,072

females. The mean age ± standard deviation of male and

female subjects were 59.93 ± 9.72 years and 57.46 ±

11.15 years, respectively. The age of male patients ranged

between 36 and 91 years and of female patients ranged

between 35 and 91 years. All the patients were categorized

into four age groups: £50 years (534 patients), [50–

60 years (772 patients), [60–70 years (619 patients) and

[70 years (295 patients).

Venous blood samples from all the subjects were col-

lected in serum separator tubes after at least 8 h fasting.

The sera were analyzed for glycated hemoglobin (HbA1c),

fasting blood glucose (FBG), total cholesterol, triglycerides

(TG) and high-density lipoprotein cholesterol (HDL) using

an autoanalyzer (Roche Modular P-800, Germany). The

level of low-density lipoprotein cholesterol (LDL) was

determined using the formula: LDL = (cholesterol—TG)/

(2.2 HDL). The impact of glycemic control on various

parameters was evaluated by categorizing all the patients

into three categories on the basis of HbA1c levels:

HbA1c £ 6% (good glycemic control), HbA1c [ 6–9%

(poor glycemic control) and HbA1c [ 9% (worse glycemic

control). The selection of these cutoff values of HbA1c was

based on earlier studies [15, 18–21].

The data were analyzed by SPSS version 10. Pearson’s

correlation test was performed to examine various corre-

lations. Independent samples Student’s t-test (2-tailed) was

used to compare the means of different parameters between

males and females. One-way analysis of variance (ANO-

VA) and post-hoc Dunnett’s multiple comparison tests

were used to examine the significance levels for various

biochemical parameters in age-categorized groups. Uni-

variate analysis was performed to evaluate the effects of

gender, age and glycemic control on serum lipid profile. P

values £0.05 were considered as statistically significant.

Results

Both male and female diabetic patients exhibited similar

patterns of glycemic control depending on three cutoff

values of HbA1c (Table 1). There was no significant cor-

relation between patient age and HbA1c, whereas a highly

significant correlation was observed between FBG and

HbA1c (Fig. 1). HbA1c also demonstrated direct and sig-

nificant correlations with cholesterol, triglycerides and

LDL and inverse correlation with HDL (Fig. 1).

The levels of HbA1c were slightly higher (1.69%, not

significant) and of FBG significantly higher (7.54%,

P \ 0.001) in females as compared to male patients

(Table 2). Among the circulating lipids, total cholesterol

and HDL were significantly higher in female patients.

Although the levels of triglycerides were lower and of LDL

higher in females than males, these differences were not

statistically significant (Table 2).

Alterations in serum biochemical parameters in various

age groups of patients are shown in Table 3. Older patients

had significantly lower FBG (ANOVA F = 2.33,

P = 0.044), cholesterol (F = 11.52, P \ 0.001), triglyce-

rides (F = 3.04, P = 0.028) and LDL (F = 11.89,

P \ 0.001). However, there was no significant difference

between HbA1c (F = 1.77, P = 0.150) as well as HDL
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(F = 1.89, P = 0.128) among the patients of different age

groups (Table 3).

Diabetic patients with poor (HbA1[ 6–9%) and worse

(HbA1c [ 9%) glycemic control had significantly higher

levels of FBG (ANOVA F = 591.52, P \ 0.001) and tri-

glycerides (F = 29.06, P \ 0.001) and significantly lower

levels of HDL (F = 8.57, P \ 0.001) as compared to

patients with good glycemic control (HbA1c £ 6%;

Table 4). There was a significant increase in total choles-

terol (F = 18.45, P \ 0.001) and LDL (F = 14.57,

P \ 0.001) in diabetic patients with worse glycemic con-

trol as compared to the poor glycemic control group

(Table 4).

The results of univariate analysis addressed the impact of

patient gender, age and HbA1c in predicting/influencing

serum lipids (Table 5). Patients’ gender was significantly

associated with lipid parameters in decreasing magnitude in

the following: HDL (F = 184.69) \ cholesterol (F = 11.93)

\ triglycerides (F = 3.77). Patients’ age demonstrated a

significant association with LDL (F = 10.99), cholesterol

Table 1 Distribution of subjects according to gender and HbA1c cutoffs

Glycemic control HbA1c criteria Male Female Total subjects

Number Percentage Number Percentage Number Percentage

Good £6% 157 13.67 142 13.25 299 13.47

Poor [6–9% 617 53.75 533 49.72 1150 51.80

Worst [9% 374 32.58 397 37.03 771 34.73

All subjects – 1,148 100.00 1072 100.00 2220 100.00

Fig. 1 Correlations between

HbA1c and age, fasting blood

glucose (FBG) and serum lipid

profile in type 2 diabetic

patients
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(F = 9.55) and HDL (F = 2.99), but not with triglycerides

(F = 1.50, P = 0.211). HbA1c appeared to be a good pre-

dictor of triglycerides (F = 22.73) followed by cholesterol

(F = 15.92), LDL (F = 12.73) and HDL (F = 9.64). There

were no significant interactions for gender · HbA1c and

age · HbA1c with respect to serum lipid profile (Table 5).

The comparative effects of glycemic control in male and

female diabetic patients are shown in Fig. 2. Patients’ age

had no significant impact on glycemic control in both

genders. There was a linear relationship between glycemic

control and FBG, while both male and female patients with

poor and worse glycemic control had significantly higher

FBG as compared to patients with good glycemic control

(Fig. 2). Female patients with good glycemic control had

comparatively higher cholesterol, HDL and LDL as com-

pared to males with the same level of glycemic control.

Both male and female patients with worse glycemic control

(HbA1c [ 9%) possessed significantly high cholesterol as

compared to patients of respective gender and having poor

glycemic control (Fig. 2). There was a linear and signifi-

cant increase in triglycerides in the patients of both genders

with impaired glycemic control. Both males and females

with worse glycemic control had significantly high LDL

levels. On the other hand, serum HDL showed a significant

and inverse relationship with uncontrolled hyperglycemia

in females, but not in males (Fig. 2).

Discussion

The distribution of subjects according to gender and

specific HbA1c cutoffs showed that most of the type 2

diabetic patients experience poor or worse glycemic

control irrespective of their gender (Table 1). A signifi-

cant correlation between HbA1c and FBG (Fig. 1) is in

agreement with earlier reports [19, 22, 23]. We also

observed significant correlations between HbA1c and

cholesterol, triglycerides, HDL and LDL in diabetic

patients (Fig. 1). Several investigators have reported sig-

nificant correlations between HbA1c and lipid profiles and

suggested the importance of glycemic control in normal-

izing dyslipidemia [23–26]. Although the levels of HbA1c

did not differ significantly between the two genders,

Table 3 Serum biochemistry categorized by patients’ age

Parameter Age of patients

£50 years (N = 534) 51–60 years (N = 772) 61–70 years (N = 619) [70 years (N = 295)

HbA1c 8.275 ± 0.098 8.486 ± 0.084 8.484 ± 0.088 8.224 ± 0.128

FBG 9.778 ± 0.182 9.597 ± 0.145 9.840 ± 0.166 9.122 ± 0.209$

Cholesterol 5.464 ± 0.049 5.390 ± 0.042 5.147 ± 0.045*# 5.090 ± 0.075*#

Triglycerides 1.934 ± 0.043 2.006 ± 0.036 1.924 ± 0.040 1.805 ± 0.048#

HDL 1.221 ± 0.012 1.201 ± 0.010 1.219 ± 0.013 1.249 ± 0.019

LDL 3.368 ± 0.045 3.280 ± 0.038 3.068 ± 0.040*# 3.027 ± 0.066*#

All the values are in mmol/l except HbA1c, which is reported as percentage

$ P \ 0.05 versus 61–70 years group (Dunnett’s test)

* P \ 0.001 versus £50 years group (Dunnett’s test)

# P \ 0.01 versus 51–60 years group (Dunnett’s test)

Table 4 Serum biochemistry categorized by patients’ glycemic

control (HbA1c)

Parameter HbA1c

£6% (N = 299) [6–9%

(N = 1,150)

[9% (N = 771)

FBG 5.958 ± 0.096 8.548 ± 0.083** 12.715 ± 0.153**#

Cholesterol 5.323 ± 0.063 5.163 ± 0.034 5.496 ± 0.045#

Triglycerides 1.659 ± 0.045 1.883 ± 0.027** 2.132 ± 0.040**#

HDL 1.277 ± 0.019 1.218 ± 0.008* 1.192 ± 0.010**

LDL 3.300 ± 0.055 3.093 ± 0.031* 3.347 ± 0.022#

All the values are in mmol/l

* P \ 0.05 and ** P \ 0.001 versus £ 6% group (Dunnett’s test)

# P \ 0.001 versus [6–9% group (Dunnett’s test)

Table 2 Serum biochemistry categorized by patients’ gender

Parameter Gender of patients

Male (N = 1,148) Female (N = 1,072)

HbA1c 8.332 ± 0.066 8.473 ± 0.070

FBG 9.306 ± 0.111 10.008 ± 0.131*

Cholesterol 5.187 ± 0.035 5.421 ± 0.035*

Triglycerides 1.967 ± 0.029 1.909 ± 0.029

HDL 1.123 ± 0.007 1.317 ± 0.009*

LDL 3.172 ± 0.031 3.248 ± 0.032

All the values are in mmol/l except HbA1c, which is reported as

percentage

* P \ 0.001 versus males (t-test)
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female patients showed significantly high levels of FBG

(Table 2). Diabetes confers a markedly increased risk of

cardiovascular events in both males and females [27].

However, women with diabetes are more susceptible to

increased cardiovascular mortality [28]. Diabetic women

may be subject to more adverse changes in coagulation,

vascular function and cardiovascular risk factors than

diabetic men [29–31]. The results of lipid profile showed

that female diabetic patients had significantly higher lev-

els of cholesterol and HDL, which is in agreement with

earlier reports [32–35]. Hyperlipidemia in females may be

attributed to the effects of sex hormones on body fat

distribution, leading to differences in altered lipoproteins

[36].

Fig. 2 Patterns of various

parameters with respect to

glycemic control in male and

female type 2 diabetic patients.

Box plots show the median

(middle horizontal line),

interquartile range (box) and

minimum and maximum values

(vertical lines). ANOVA F and

P values for male (M) and

female (F) are also shown.

*P \ 0.05, **P \ 0.01 and

***P \ 0.001 versus

HbA1c £ 6% group; #P \ 0.05

and ##P \ 0.001 versus HbA1c

[6–9% group (Dunnett’s test)

Table 5 Univariate analysis of variance model to evaluate the effects of gender, age, HbA1c and their interactions on serum lipid profile

Source df Cholesterol Triglycerides HDL LDL

F P F P F P F P

Model 23 5.16 0.000 4.25 0.000 13.24 0.000 4.15 0.000

Sex 1 11.93 0.001 3.77 0.052 184.69 0.000 1.16 0.281

Age 3 9.55 0.000 1.50 0.211 2.99 0.030 10.99 0.000

HbA1c 2 15.92 0.000 22.73 0.000 9.64 0.000 12.73 0.000

Sex · HbA1c 2 0.20 0.814 2.55 0.078 0.84 0.429 0.17 0.840

Age · HbA1c 6 1.28 0.263 0.13 0.991 0.46 0.835 1.68 0.120
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There was a slight increase (2.53%) in HbA1c in patients

aged 51–70 years as compared to patients aged £50 years

(Table 3). Older patients ([70 years) had HbA1c levels

similar to the younger ones. However, there was neither a

significant difference in HbA1c among the four age cate-

gories (Table 3) nor a significant correlation between age

and HbA1c (Fig. 1), which is supported by earlier study

[37]. The magnitude of hyperglycemia was significantly

less in patients aged [70 years, whereas the average FBG

levels in the remaining patients (aged 35–70 years) were

more or less same (Table 3). An earlier study also showed

no variability in hyperglycemia with age [38]. There was a

significant decrease in various lipid components including

total cholesterol, triglycerides and LDL with advancing age

(Table 3). However, HDL levels remained stable and did

not vary appreciably among the patients of different age

groups. Our findings are supported by significant increases

in total cholesterol, triglycerides and LDL observed in

young type 2 diabetic patients with poor glycemic control

[39]. Our results, however, are contrary to dyslipidemia in

older patients reported earlier; this contradiction may be

due to the few numbers of patients (ten in each group) used

in that study [38].

Both male and female diabetic patients with uncon-

trolled diabetes had severe hyperglycemia and significantly

increased triglycerides, cholesterol and LDL (Fig. 2). The

variation in HDL with respect to glycemic control did not

differ significantly among male patients. Whereas, female

patients demonstrated proportionate and significant decre-

ments in HDL levels with increasing HbA1c cutoffs

(Fig. 2). Earlier study in Saudi type 2 diabetic patients

categorized 37 and 28.4% of the total patients as borderline

and high-risk group for development of CVD [40].

Recently, Daghash et al. [41] reported significant dyslipi-

demia in Arabian type 2 diabetic patients as compared to

controls. Dyslipidemia may occur in both male and female

diabetic patients [42]. Although mild triglyceridemia is a

common feature of diabetes, severe triglyceridemia typi-

cally occurs in poorly controlled diabetes [43]. High HDL

levels protect against CAD development, as patients with

high HDL tend to have lower prevalence of CAD risk

factors [44]. On the other hand, patients with low levels of

HDL are more likely to develop myocardial infraction [45].

High triglycerides and low HDL, but not hypercholester-

olemia, are the main features of dyslipidemia observed in

patients with metabolic syndrome [46]. Recently, Avogaro

et al. [47] have suggested that type 2 diabetic dyslipidemia

in females and hyperglycemia in males are important risk

factors amenable to more aggressive treatment.

The results of univariate analysis have shown that

HbA1c is a good predictor of triglycerides, followed by

cholesterol, LDL and HDL (Table 5). It has been reported

that HDL cholesterol is inversely, and non-HDL

cholesterol directly, associated with CHD risk in diabetes

patients [48]. Another study on female type 2 diabetic

patients has revealed that association between non-HDL

cholesterol and CHD risk is apparent in patients with ele-

vated triglycerides [49]. Moreover, significantly high

serum triglyceride levels have been found in diabetic

patients with CHD as compared to non-diabetic patients

[35]. Onat et al. [50] suggested that fasting triglycerides are

predictive for future CVD independent of age, diabetes,

total cholesterol and HDL. The above discussion clearly

indicates the clinical significance of various lipid parame-

ters including total cholesterol, triglycerides, HDL and

LDL in predisposing diabetic patients to cardiovascular

complications. Significant correlations between HbA1c and

all these lipid parameters (Fig. 1) and a linear relationship

between HbA1c and dyslipidemia (Fig. 2) point towards the

usefulness of HbA1c for screening high-risk diabetic

patients. Furthermore, there were no significant interac-

tions between sex or age and HbA1c with respect to lipid

profile (Table 5) suggesting the validity of HbA1c for

predicting dyslipidemia irrespective of patient’s gender and

age.

In conclusion, the findings of this study clearly suggest

that HbA1c endures the ability of predicting serum lipid

profile in both male and female diabetic patients. Thus,

dual biomarker capacity of HbA1c (glycemic control as

well as lipid profile indicator) may be utilized for screening

high-risk diabetic patients for timely intervention with lipid

lowering drugs.
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