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ABSTRACT
Background: Prevalence and complications of type 2 diabetes mellitus (DM) is increasing in Bangladeshi population. 
Oxidative stress plays an important role in the pathogenesis of DM and its complications. However, antioxidant status 
and its contribution to type 2 DM are less explored in Bangladeshi population. Aim: The aim of this study was to evaluate 
antioxidant status (TAS) in newly diagnosed never treated type 2 diabetic subjects against apparently healthy nondiabetic 
subjects of Bangladeshi origin. Methods: In this cross-sectional study, 179 adult subjects were included. Fasting and 
postprandial blood specimens were collected and plasma glucose concentrations were measured by standard methods. 
Fasting plasma total antioxidant capacity (TAC) was measured by ferric reducing ability of plasma (FRAP) assay and 
compared among diabetic, prediabetic and nondiabetic. Results: TAC was 1077±217 µmol/L, 1225 ±285 µmol/L and 
1425±319 µmol/L in diabetic (n=79), prediabetic (n=42) and nondiabetic (n=58) subjects respectively. TAS in diabetic 
subjects was 148 µmol/L lower than that of prediabetic subjects (p<0.05) and 348 µmol/L lower than that of nondiabetic 
subjects (p<0.001) whereas it was 200 µmol/L lower in prediabetic subjects compared to nondiabetic subjects (P<0.01). 
Conclusion: It may be concluded that total antioxidant status is lower in type 2 diabetic subjects compared to nondiabetic 
subjects and it may be related to the pathogenesis of T2DM in the studied population.
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INTRODUCTION

The incidence of type 2 diabetes mellitus (DM) is becoming 
as a serious public health concern worldwide. DM, 
particularly type 2 diabetes is now recognized as a major 
chronic public health problem in Bangladesh. Globally, the 
prevalence of diabetes is ∼ 8%, and nearly 80% of patients 
with diabetes live in low- and middle-income countries [1]. 
A recent meta-analysis in Bangladeshi population showed 
that the prevalence of diabetes among adults had increased 
substantially, from 4% in 1995 to 2000 and 5% in 2001 to 2005 
to 9% in 2006 to 2010 [2]. According to the International 
Diabetes Federation, the prevalence will be 13% by 2030 [3].

The generation of reactive metabolites plays a central role 
in cell’s life. These metabolites are continuously controlled 
by endogenous antioxidant enzyme systems and the balance 
is created between pro-oxidants and antioxidants. The 
impairment of antioxidant status, either by exogenous 
or endogenous sources, may disturb the cellular redox 
balance and the pathological conditions would be the main 
characteristics and forms oxidative stress in cells or tissues 
[4]. Oxidative stress is implicated in the pathophysiology of 
DM and its chronic complications [5].

Oxidative stress may contribute to the pathogenesis of 
diabetes mellitus through impairment of insulin action, 
injury to pancreatic β‑cells, increased lipid peroxidation, and 
vascular endothelial damage [6]. Increasing experimental 
and clinical evidences suggest that oxidative stress plays 
a major role in the pathogenesis and development of 
complications of both types of DM [7,8,9]. In our population, 
the role of oxidative stress in the pathogenesis of type 2 DM 
is less explored.

The main aim of the work was to explore the antioxidant 
status in newly diagnosed never treated type 2 diabetic 
subjects, prediabetic subjects and nondiabetic subjects. 
In the present study, we analyzed the fasting plasma total 
antioxidant capacity.

SUBJECTS AND METHODS

Study designs and population

This cross-sectional study was conducted in the Applied 
Laboratory Sciences, Bangladesh University of Health 
Sciences (BUHS), Dhaka, Bangladesh during the period 
of March 2014 to September 2014. Of the 205 subjects 
approached from the out-patient department (OPD) of 
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Bangladesh Institute of Health Sciences (BIHS) general 
hospital, 179 subjects were included according to inclusion-
exclusion criteria. After written consent, past and present 
history about medication, diabetes, hypertension, smoking 
and other points of selection criteria were recorded. Subjects 
receiving any antihyperglycemic agents, with serious 
comorbid diseases (infection, stroke, myocardial infarction, 
major surgery, malabsorption etc.), pregnant or lactating 
mother, with liver or kidney dysfunction, using drugs that 
significantly affect glucose metabolism (anti-hyperglycemic 
agents, glucocorticoids, oral contraceptives, thiazide 
diuretics etc.) or taking vitamin supplements were excluded. 

Anthropometric measurements

Anthropometric indices included height and weight. All the 
individuals were measured wearing light clothing without 
shoes and hats. Height was measured to the nearest 0.1 cm 
using a portable stadiometer and weight was measured to the 
nearest 0.1 kg using calibrated platform scales. Body mass 
index (BMI) of the subjects was calculated using standard 
formula, BMI = Weight (Kg)/[Height (m)]2 and BMI value 
of 27.5 Kg/m2 was considered as cutoff value [10].

Waist and hip circumferences were measured to the nearest 
0.5 cm with a soft non-elastic measuring tape. The tape 
was snug, but not so tight as to cause skin indentation or 
pinching. The waist circumference was taken to the nearest 
standing horizontal circumference between the lower border 
of the 12th rib and the highest point of the iliac crest on the 
mid-axillary line at the end of normal expiration. Waist-hip 
ratio was calculated. Mid-upper arm circumference (MUAC) 
was measured according to standard procedure [11].

Blood pressure measurement

Blood pressure was measured to the nearest 1 mm Hg with 
mercury sphygmomanometers using standard recommended 
procedures [12]. Two readings each of systolic and diastolic 
blood pressures were recorded, and taken at 5 minutes 
intervals. The average of two readings was used in the data 
analysis. If two of the measurements differed by more than 
5 mm Hg, an additional reading was taken.

Diagnosis of diabetes mellitus

Prediabetes and diabetes were defined according to WHO 
criteria [13].

Clinical measurements

Fasting blood was collected between 8.00-9.00 am. Venous 
blood (5 ml) was taken by venipuncture from the subject 
sitting comfortably in a chair in a quiet room. A portion 
of blood specimen was poured into a test tube containing 
sodium fluoride to measure plasma glucose concentrations. 
Another portion of blood specimen was poured into another 
test tube containing ethylenediaminetetraacetic acid 
(EDTA) to measure plasma antioxidant capacity. After 15 

minutes blood samples were centrifuged for 10 minutes at 
3000 rpm to obtain plasma. The EDTA treated plasma was 
preserved in capped microtubes at -20ºC until (~5 months) 
analysis and reported to be stable for 1 year at -20°C [14]. 
Two hours after breakfast, 2 mL blood was collected for the 
measurement of post-prandial plasma glucose concentration. 
Plasma glucose concentrations were measured by hexokinase 
method using Dimension RxL Max (Siemens, USA). Plasma 
antioxidant capacity was determined by a modified ferric 
reducing ability of plasma (FRAP) assay [15]. 

Statistical Methodology 

Statistical analysis was performed using STATISTICA 
version 8/MedCalc® version 11.4/GraphPad Prism 6.01 for 
Windows. All data were expressed as Mean±SD (standard 
deviation) and/or percentage (%) as appropriate. The 
statistical significance of differences between the values 
was assessed by one-way ANOVA with Tukey’s multiple 
comparison or Mann-Whitney U test (as appropriate). 
Correlation was also seen among the parameters. Univariate 
or multivariate linear regression analysis was applied to assess 
the association of TAC as dependent variable with age, sex, 
BMI, WHR, MUAC, SBP, DBP, FPG, PPG as independent 
variables. A two-tailed p value of <0.05 was considered 
statistically significant. Graph Pad Software, San Diego 
California USA)/MedCalc® version 11.4 for Windows OS 
was used.

RESULTS

Clinical Characteristics

From 205 subjects approached, 179 subjects were included 
and 26 subjects were excluded according to inclusion-
exclusion criteria. Of them 58 subjects were nondiabetic, 
42 subjects were never treated newly diagnosed prediabetic 
and 79 subjects were newly diagnosed never treated diabetic 
according to WHO criteria. Of the total subjects 120 (67%) 
were male and 59 (33%) were female. The mean age of the 
study subjects was 44 ± 9.6 years. In the total subjects, the 
mean BMI was 26.4 ± 3.8 Kg/m2, Waist-Hip ratio was 0.98 ± 
0.06 and mid upper arm circumference (MUAC) was 28.2 ± 
2.8 cm. One hundred twelve (63%) of the study subjects had 
BMI up to 27.5 Kg/m2 and 75 (37%) subjects had BMI>27.5 
Kg/m2. Characteristics of the nondiabetic, prediabetic and 
newly diagnostic never treated type 2 diabetic subjects are 
presented in Table 1. 

Five percent (5%) of the study subjects had hypertension and 
used anti-hypertensive medication for the management of 
hypertension. Among the participants, 48 men (66.66%) of 
mae and 27% of the total subjects)  had a habit of smoking 
and were not excluded from this study since no significant 
differences were observed between smoker and nonsmoker in 
DM, prediabetic and nondiabetic groups (data not shown). 
Tukey’s multiple comparison test of FPG and PPG among 
different groups is presented in Fig 1.
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Total anti-oxidant capacity of the study subjects

The mean value of TAC in the total study subjects was 
1224±308 µmol/L. The mean values of TAC in diabetic, 
prediabetic and nondiabetic subjects were 1077±217 µmol/L, 
1225±285 µmol/L and 1425±319 µmol/L respectively. One 
way ANOVA result with Tukey’s multiple comparison test 
is presented in Fig 2. One way ANOVA showed that TAC 

was significantly different among diabetic, prediabetic and 
nondiabetic subjects. Tukey’s multiple comparison showed 
that TAC value in diabetic subjects was 148 µmol/L lower 
than that of prediabetic subjects (p<0.05) and 348 µmol/L 
lower than that of nondiabetic subjects (p<0.001) whereas 
it was 200 µmol/L lower in prediabetic subjects compared 
to nondiabetic subjects (P<0.01).

TAC in male and female

In the total subjects (n=179) comparison of TAC between 
male and female showed that TAC level were significantly 
higher in male (n=120) compared to female (n=59) 
(1274±304 µmol/L vs 1123±293 µmol/L). The unpaired t 
test (Welch test) static t value was -3.214 (p=0.002). 

Relationship of TAC with different parameters

The relationship of TAC with anthropometric parameters, 
FPG and PPG is presented in Table 3.4. Age, BMI, WHR, 
MUAC and BP showed no significant relationship with TAC. 
Both FPG (r=0.410, p<0.001) and PPG (r=0.451, p<0.001) 
showed significant relationship with TAC (Table 2). 

Table 1. Characteristics of the study subjects (n = 179)

Diabetic (n=79) Prediabetic (n=42) Nondiabetic (n=58)

Age (yrs) 44±9.2 44±9.1 45±10.6
Sex

Male 49(62%) 26(62%) 45(78%)
Female 30(38%) 16(38%) 13(22%)

Body mass index (Kg/m2) 26.1±3.4 26.8±3.3 26.5±4.3
Waist-Hip ratio 1.0±0.05 0.97±0.05 0.96±0.05
Mid upper arm circumference (cm) 27.9±2.6 28.3±2.3 28.7±3.3
Systolic Blood Pressure (mmHg) 124±15 121±9 121±14
Diastolic Blood Pressure (mmHg) 83±13 81±8 80±12
Fasting plasma glucose (mmol/L)* 11.1±3.8 5.9±0.9 5.2±0.7
Postprandial plasma glucose (mmol/L)* 19.0±4.5 8.9±1.3 5.5±0.9

*One way ANOVA

Fig 1. Comparison of fasting plasma glucose (A) and postprandial 
plasma glucose (B) among groups (Tukey’s test)

Fig 2. Comparison of TAC among diabetic, prediabetic and 
nondiabetic subjects.
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Table 2. Relationship of TAC with different parameters in total subjects

Correlation coefficient (r) P value

Age 0.027 0.719

BMI 0.062 0.409

WHR -0.052 0.489

MUAC 0.105 0.163

SBP -0.059 0.434

DBP -0.046 0.540

FPG -0.410 <0.001

PPG -0.451 <0.001

Regression analysis

In multivariate linear regression analysis TAC showed no 
significant association with FPG (β=-0.009, p=0.954) but 
PPG showed significant inverse association (β=-0.443, 
p=0.006). When adjusted for sex, β remained significant 
for PPG (Table 3).

Table 3. Multivariate linear regression analysis with TAC as outcome 
variable

Parameters β value p value

FPG -0.078 0.619

PPG -0.359 0.024

Sex (Male) 0.186 0.006

DISCUSSION

Global health burden is increasing due to upward trend in 
non-communicable diseases (NCDs), and diabetes mellitus 
(DM) is considered as an important component of NCDs 
[16,17,18]. The prevalence of diabetes is rapidly increasing 
due to lifestyle, eating habit, population growth, aging, 
obesity and physical inactivity [16] and the rising rate is 
higher in developing countries. Nearly 80% of patients with 
diabetes live in low- and middle-income countries [1]. 

Role of some biochemical factors on insulin secretory 
defects, insulin sensitivity or insulin resistance in Bangladeshi 
prediabetic and diabetic subjects were investigated previously 
in this population [10,19,20,21] other biochemical factors 
such as endogenous antioxidant enzymes or environmental 
determinants of B-cell dysfunction and insulin resistance in 
prediabetes and diabetes still requires more studies as they 
should be taken as a major target for primary prevention 
of these disorders. Since, oxidative stress may vary with 
nutritional factors, lifestyle and race, its contribution in the 
pathogenesis of type 2 DM or in the complications of DM is 
required to be studied in our population. So, this study was 
aimed to evaluate the antioxidant status in newly diagnosed 

never treated type 2 diabetic subjects, prediabetic subjects 
and nondiabetic subjects. 

In this cross-sectional study, total antioxidant capacity 
(TAC) in nondiabetic subjects was 1425±319 μmol/L and it 
is comparable to TAC in other population. It was 1580±280 
μmol/L in Nigerian healthy control [22]. Furthermore, 
a gradual and significant decrease in total antioxidant 
status was observed from nondiabetic through prediabetic 
and diabetic subjects in this study and indicated that the 
gradual progression of hyperglycemia may be linked to loss 
of redox balance as supported by univariate or multiple 
regression analysis. This finding is consistent with other 
studies that compare TAS between diabetic and nondiabetic 
subjects[22,23,24]. However, no study is available to 
compare the TAS/TAC in prediabetic subjects in this as well 
as in other population. So, it may be concluded that TAS is 
lower in type 2 diabetic subjects compared to nondiabetic 
subjects and progression of T2DM may be associated with 
gradual loss of total antioxidant capacity in prediabetic and 
diabetic subjects in our population. 

Strengths and weaknesses of the study: total antioxidant 
status in type 2 diabetic subjects was compared against 
nondiabetic and prediabetic subjects and confounding 
effects of obesity and gender were considered to find out the 
relation of TAS with DM but it does no necessarily reflects 
the causal relationship between TAS and development of 
DM since it was a cross-sectional study with small sample 
size and FRAP was used to measure TAS that accounts only 
nonenzymatic antioxidant capacity but unable to detect 
enzymatic antioxidant capacity as well as thiol groups. 
Future study should include other markers of redox status in 
prospective design to understand the possible contribution 
and importance of redox markers in the progression of DM 
as well as  prevention of its complications.
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