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ABSTRACT

BACKGROUND

Oxidative stress has an importantrole in precipitating diabetes mellitus by increasing
production of reactive oxygen species and decreasing endogenous antioxidants. Free
radicals are produced by cellular metabolism and are known for both beneficial and
deleterious effects. Various antioxidants control the biological effects of these free
radicals. Obesity is one of the major risk factors for diabetes and diabetes is emerging
as the king of all diseases, is a major threat to health worldwide. The prevalence of
type Il diabetes mellitus among first degree relatives of patients with the condition is
significantly higher than in the general population. Aim of present study is to compare
the oxidative stress in persons with type Il diabetes mellitus with and without family
history of diabetes mellitus.

METHODS

This is a cross sectional study. Type Il diabetes mellitus cases 32 - 70 years of age who
attended OPD, Department of General Medicine, G.S.L. General Hospital,
Rajahmundry, Andhra Pradesh, were selected. The study participants were divided
into two groups viz. group 1 with family history of diabetes (n= 193) and group 2
without family history of diabetes (n= 107). Study period was from 1st January 2016
to 31st December 2016. Oxidative stress levels were compared in the above said
groups by measuring serum glutathione by Ellman’s reaction and total antioxidant
capacity of plasma by FRAP assay. Other parameters measured were BMI, FPG and
whole blood HbAlc.

RESULTS

Significant difference between whole blood HbAlc, serum glutathione & total
antioxidant capacity were observed (p < 0.0001) between the two groups. BMI (p=
0.88) and FPG (p= 0.48) however did not show any significance.

CONCLUSIONS

Decreased antioxidant levels and increased oxidative stress in cases with negative
family history of diabetes suggest the role of stress in precipitating type Il diabetes
mellitus.
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BACKGROUND

Diabetes mellitus is an endocrine disorder of various causes
with multisystem involvement and abnormalities including
hyperglycaemia leading to defects in insulin secretion, insulin
action or both!. Type Il diabetes mellitus is at risk of a potential
epidemic with increased incidence worldwide. Though
prevalence of type Il diabetes mellitus is more in developed
countries?, the incidence is increasing especially in developing
countries. According to American Diabetes Association (ADA),
25.8 million people have been reported with diabetes & people
diagnosed with diabetes are 18.8 million and people in pre-
diabetic state are 79 million. The global number of people with
diabetes was considered to be 171 million in the year 2000 &
this figure is expected to rise to 366 million in 2030, out of
whom 298 million will be living in developing countries.3
There is a potential risk of an epidemic in India. Currently
more than 40 million people are diabetic in India. The factors
contributing to the problem are multiple including genetic
factors linked to environmental factors such as obesity,
urbanization and lifestyle changes. Type Il diabetes mellitus is
inherited, it has been known since long. The first-degree
relatives of persons with type II diabetes mellitus are three
times more likely to develop the disease than the persons
without family history of diabetes mellitus*.

Oxidative stress resulting from imbalance between
reactive oxygen species (ROS) & its defence mechanisms.
Defective activity of antioxidant defence mechanism may
develop higher oxidative stress in people with T2DM that may
trigger other serious complications.> However the tie in the
oxidative stress & the advancement of T2DM & its
complications is unclear. An abnormal antioxidant status in
people with diabetes due to either increased use or decreased
intake of antioxidants to struggle the undue ROS related to
diabetes mellituss. Because of rapid westernisation which is
related to consumption of calorie rich diets & decreased
exercise, many people in high risk groups are susceptible to a
faulty antioxidant status & an oxidative stress that is increased
may result in T2DM. So, the present study is to determine the
total antioxidant capacity (TAC) in people with T2DM both
with & without family history of diabetes mellitus related to
oxidative stress.

METHODS

This cross-sectional study included 300 adults, who attended
OPD General Medicine, G.S.L. General Hospital, Rajahmundry,
A.P. out of which 218 were males, aged between 34 to 69 years
(mean 54.39 + 9.84) & 82 females, aged between 32 to 70 years
(mean 53.71 + 9.54). Sample size was taken based on the
convenience of the study.

Cases of T2DM both with & without family history of
diabetes mellitus were included in the study after taking
informed consent. Cases of T1DM. cases of diabetes mellitus
with pregnancy, cases of gestational diabetes mellitus and
acutely ill cases were excluded from the study. Weight, height
& BMI of the said subjects were recorded.

Blood samples were collected from the ante cubital vein
after at 12 hours of overnight fasting. Rubber tourniquet was
applied for less than one minute and the site to be punctured
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cleaned with 70% methylated spirit. Blood (5 ml) was taken
into separate vacutainer tubes. 2 ml of blood was dispensed
into tubes containing fluoride oxalate, 3 ml of blood was
dispensed into EDTA tubes. The tubes were then placed in a
centrifuge and spun at 3000 x g for 10 minutes to obtain the
plasma. Plasma glucose was measured immediately and
plasma for the measurement of other biochemical variables
were stored at -80°C until analysis.

Biochemical assays including fasting plasma glucose and
HbAlc were analysed using XL 640 autoanalyser. For the
measurement of glutathione and total antioxidant capacity, the
plasma was collected in path tubes and were analysed
manually. Glutathione (GSH) was estimated using Ellman’s
reaction’. TAC was measured by ferric reducing antioxidant
power (FRAP) assay of Benzie & Strain (1999).

Statistical Analysis

An online statistical software system, GraphPad Prism and
Microsoft Excel 2007 were used for statistical analysis. Data
were expressed as mean * SD. Statistical analysis included the
unpaired t-test (for continuous measures). All known potential
confounders (age, sex, BMI, FPG, HbAlc, serum glutathione,
TAC of plasma) were entered in the univariable model to
ensure giving an unbiased estimate for the relation between
oxidative stress and T2DM with and without family history of
diabetes mellitus. A p value of < 0.05 was considered to be
statistically significant.

RESULTS
Age Males (n=218) Females (n= 82)
Min 34 32
Max 69 70
Mean * SD 54.39+9.84 53.71+9.54
Table 1. Age and Sex Distribution
Males Females
No % No %
With family history 137 62.84 56 68.29
Without family history 81 37.15 26 31.70
+FH/ -FH 1.69 2.15

Table 2. Showing Groups Distribution among Males and Females

Diabetics with |Diabetics without
Family History | Family History P
BMI
Range 20.42 - 40.62 20.26 - 37.83
Mean + SD 30.16 + 4.29 30.08 £4.17 NS (=0.88)
Fasting plasma glucose
Range 110 -390 110-391
Mean + SD 163.21 £ 39.62 166.83 +48.10 NS (=0.48)
HbA1C
Range 6.42 -9.39 6.4-84
Mean + SD 7.19+0.56 7.84+0.61 <0.0001
Glutathione
Range 0.5-2.04 1.82-2.14
Mean + SD 2.07 £ 0.04 142 +£0.31 <0.0001
Total antioxidant capacity
Range 0.5-0.72 0.68+1.13
Mean * SD 0.86 +0.13 0.61+0.06 <0.0001

Table 3. Showing Biochemical Parameters in Diabetics with Family
History and without Family History

Table 1 shows the age distribution of males and females.

The minimum age in the male group was 34 years and the
maximum age was 69 years, mean + SD was 54.39 = 9.84.
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Minimum age in the female group was 32 years and maximum
age was 70 years, mean * SD was 53.71 * 9.54. Table 2 shows
groups distribution among males & females respectively. The
number of males with family history were 137 & without
family history were 81 and the number of females with
positive family history were 56, females without family history
were 26. The percentage of males with family history was
62.84% & males without family history was 37.15% in the
male group & among the female group, females with family
history was 68.29% & females without family history was
31.70%. Table 3 shows the biochemical parameters in
diabetics with family history & without family history. The
mean BMI & FPG in diabetics with family history & without
family history did not show any statistical significance. The
mean HbAlc was significantly higher in diabetics without
family history when compared with diabetics with family
history (p < 0.0001). The mean GSH values & TAC of plasma
were significantly lower in diabetics without family history
when compared to diabetics with family history (p < 0.0001).

DISCUSSION

Diabetes mellitus being a heterogenous clinical disorder is
characterised by an absolute or relative deficiency of insulin
and resistance to insulin. There is an important role being
played by an oxidative stress in precipitating diabetes
mellituss. It increases the generation of ROS with decrease in
endogenous antioxidants. The increased adverse effects of
glucotoxicity in T2DM is responsible for chronic inflammation.

On the other hand, obesity is one of the major risk factors
for diabetes, but there are reports suggesting that diabetes
may occur at a much lower body mass index in Indians
compared to westerners®. Hence lean Indian adults are at
equal risk as those of obese!0. Sedentary life style is related to
obesity, is a known fact!! and diseases like diabetes mellitus.
BMI between 25-30 kg/m? is overweight, is associated with
lower risk of developing T2DM and other cardiovascular
disorders!z. A BMI greater than 30 kg/m? is almost always
linked to increased body fat being classified as obesity, that is
prevalent worldwide leading to increased association with
T2DM, cardiovascular diseases and increased mortality!213,
However this study did not infer any significant change in
diabetics with negative family history when compared to
diabetics with positive family history as the study included
only T2DM cases with BMI being noted higher in both groups.

Furthermore diabetes is now emerging as the king of all
diseases because of its varied clinical presentation,
multisystem  involvement and complex metabolic
abnormalities. It has emerged as major threat to health
worldwide. By the year 2025, the figure is expected to rise 333
million. The prevalence of T2DM among first degree relatives
of patients with the condition is significantly higher than in
general population. Family studies have reported that first
degree relatives of patients with T2DM are about 3 times more
likely to develop the disease than individuals without a
positive family history of diabetes1415. FPG was done to assess
the glycaemic status of an individual. This study exhibited no
significant change observed in FPG in diabetics without family
history when compared to diabetics with family history as the
study included only T2DM cases which indicated
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hyperglycaemia seen in both the groups. Many studies have
reported significant change in FPG values in patients with
T2DM when compared with those of persons in the control
group indicating hyperglycaemia & poor control of
diabetes16.17.18,19,

HbA1lc is also used to diagnose T2DM. It indicates non
enzymatic glycation of haemoglobin. It is the predictor of long
term glycaemic status of an individual. In our study, excessive
glycation of Hb was observed in diabetics without family
history than in diabetics with positive family history (p <
0.0001) although increased glycation was noted in both
groups. In the study shown by Fa Ganjifrockwala, etal.16 HbAlc
values were significantly higher in patients with T2DM
compared with those of persons in the control group
indicating excessive glycosylation of haemoglobin and poor
control of diabetes as reported by other studies.17.18.19.20 The
generation of pro-oxidant species in human body as a result of
oxidative stress is due to an imbalance between the pro-
oxidant and antioxidant factors?l. Glutathione having
antioxidant function has a thiol group which is abundant in
almost every tissue of mammals that act against oxidative
stress and is considered as a potent biomarker for redox
imbalance within the cells22. Many studies establish the role of
glutathione in diabetes23. It occurs in both oxidised form
(GSSG) as well as reduced form (GSH). The reduced form of
glutathione gets oxidised by reducing the disulphide bonds2.
The reduced glutathione level could be a marker for diabetes
mellitus25. This study evince significant change indicating
lower levels of serum GSH in diabetics without family history
than in diabetics with positive family history (p < 0.0001).
Serum glutathione being a biomarker for oxidative stress
leading to conclusion that increased oxidative stress in
patients of diabetes without family history when compared to
diabetic patients with positive family history. It leads to
hypothesis about the role of stress in persons with T2DM
without the family history of diabetes. Further study is needed
for conclusive proof of the hypothesis.

TAC measures the antioxidant capacity of all antioxidants
in a biological sample and not just the antioxidant capacity of
a single compound?¢. Both endogenous and exogenous
antioxidants represent the total antioxidant capacity that
protects against attack by free radicals??. FRAP is one of the
methods which directly analysis total antioxidants. Under the
conditions of increased oxidative stress, there occurs the
depletion of the local antioxidants, which causes a reduction in
the antioxidant status of the body?8. This study inferred that
plasma TAC is reduced significantly in diabetics without family
history than diabetics with positive family history (p <0.0001)
indicating increased oxidative stress in diabetics without
family history when compared with diabetics with positive
family history. Hence TAC acts as a biomarker for oxidative
stress in T2DM. Several studies have reported decreased
antioxidant and increased peroxidative stress in diabetes
mellitus2930.31, Some studies reported that TAC of plasma was
higher in patients with diabetes. A study shown by K. Gawlik32,
et al, reported that TAC of plasma was significantly higher in
patients with diabetes when compared to control group. While
it is believed that diabetes is associated with an increased
production of ROS, the reports of the antioxidant defence in
diabetes are contradictory33:34. Hence further research is still
needed in the field of ROS and antioxidant defence system.
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This would help expand the scope of treatment options and
would help elucidate the mechanisms behind its pathogenesis.

CONCLUSIONS

Diabetes mellitus is a heterogenous endocrinal disorder being
influenced by many risk factors including genetic factors and
oxidative stress. The development of diabetes mellitus and its
worsening is linked to an enhanced oxidative stress with
diminished antioxidant levels, playing a role in pathogenesis of
diabetes mellitus. This study was done to estimate their BMI,
FPG, whole blood HbA1lc and serum glutathione and TAC of
plasma as a biomarker for oxidative stress in persons with
T2DM without the family history of diabetes. The results of this
study indicated increased oxidative stress & decreased
antioxidant levels in persons with T2DM without family
history of diabetes suggesting role of stress in precipitating
T2DM. By employing the above assays, the complications
could be detected early & thus the conditions could be
reverted improving the quality of life of patients with diabetes
mellitus. Further studies are required in this field to elucidate
the mechanisms lying behind the pathogenesis, & evaluate the
cause of T2DM without family history of diabetes mellitus
related with regard to oxidative stress, which would help in
increasing the treatment options.
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