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Objective: It has been reported that adenosine deaminase (ADA)
is a good marker for insulin function but its clinical significance in
type 2 diabetes mellitus (T2DM) is not yet characterized. This study
aims to assess the association of ADA with glycated hemoglobin
(HbA1c) and uric acid (UA) in T2DM patients.
Materials and Methods: The study population consisted of 120
subjects divided into 3 groups: Group A: non diabetic controls
(n=40), Group B: diabetic subjects with HbA1c<7% (n=40), and
Group C: diabetic subjects with HbA1c>7% (n=40). This study was
carried out in the Nepalgunj medical college and Hospital, Nepal,
between April 2012 and April 2013.
Results: In our study, fasting plasma glucose (FPG), HbA1c and
ADA levels were found to be increased in T2DM patients as
compared to controls. ADA activity is found to be higher in Group s
B and C as compared to group A. The correlation between ADA and
HbA1C was positive in both Group B (r=0.03) and C (r=0.28). There
was negative correlation between UA levels and HbA1c (r=-0.07).
Conclusion: There was an increase in serum ADA levels with
increase in HbA1c levels, which may play an important role in
determining the glycemic status in diabetes. It was found that the
UA levels increased with moderately increasing levels of HbA1c
(<7%) and then decreased with further increasing levels of HbA1c
(>7%). Serum ADA and UA levels reflect closely related
components of T2DM.
Keywords: Type 2 Diabetes mellitus, ADA, Glycated
hemoglobin, Uric acid, Nepal.

Introduction

D

iabetes mellitus is the major health
problem affecting both developed and
developing
countries.
It
is
characterized by absolute or relative
deficiencies in insulin secretion and/or insulin
action associated with chronic hyperglycemia
and disturbances of carbohydrate, lipid, and
protein metabolism. Defects in carbohydrate

metabolizing machinery and consistent efforts
of the physiological system to correct the
imbalance in carbohydrate metabolism place
an over exertion on the endocrine system.
Continuing deterioration of endocrine control
exacerbates the metabolic disturbances and
leads primarily to hyperglycemia (1-3).
According to WHO, diabetes affects more than
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170 million people worldwide (4), and affects
more than 436,000 people in Nepal, and this
number will rise to 1,328,000 by 2030 (5). The
percentage of diabetic patients has increased
from 19.04% in 2002 to 25.9% in 2009 in
Nepal (6). Adenosine deaminase (ADA), an
enzyme presents in red cells and the vessel
wall catalyses the irreversible hydrolytic
deamination of adenosine to inosine and 2’deoxyadenosine to 2’-deoxyinosine. Both
inosine and 2’-deoxyinosine are converted to
hypoxanthine, xanthine and finally to uric acid
(UA) (7). The enzyme exists in two isoenzyme
forms: (ADA1 and ADA2) which are coded by
separate genes (8). ADA is considered as a
good marker of cell mediated immunity (9).
High lymphocyte ADA activities were found
to be elevated in diseases in which there is a
cell mediated immune response (10).Chronic
hyperglycemia leads to increased oxidative
stress by forming enediol radicals and
superoxide ions by NADPH oxidase system
and increases ADA levels, both leading to
insulin resistance. GLUT4 receptors are
downregulated in the absence of adenosine.
This is one of the reasons for insulin
resistance. (11)
In a study, Prakashet al. (10) reported elevated
serum ADA activity in patients with type 2
diabetes mellitus (T2DM). Kramer et al. (12)
reported the association of high UA levels
with T2DM but Tuomilehto et al. (13)
demonstrated low UA levels in diabetic
patients contradicting the earlier report. Thus,
reports are available on serum ADA level and
serum UA level in patients with T2DM, but no
conclusive correlation could be established till
now.
Given to lack of such a study in Nepalese
population, this study was conducted to
evaluate the serum ADA activity and serum
UA, and to find the correlation, if any, with
glycated hemoglobin (HbA1c) in Nepalese
patients with T2DM.

Materials and Methods
Included were 80 patients with T2DM in the
age group of 35-65 years of either sex, on oral
2

hypoglycemic drugs, attending the outpatient
department of Nepalgunj medical college and
teaching hospital, Nepal. A group of 40 ageand sex-matched normal healthy individuals
from the same population served as controls
(group A). Eighty T2DM patients were further
divided into group B (HbA1c<7%, n=40) and
group C (HbA1c>7%, n=40) on the basis of
the HbA1c levels.
This study was carried out in the central
laboratory of biochemistry of the Nepalgunj
medical college and teaching Hospital, Banke,
Nepal between April 1, 2012 and April 30,
2013. Blood samples from subjects and
controls were taken for measuring fasting
plasma glucose (FPG), HbA1c, UA and ADA.
The criteria for the diagnosis of T2DM were
on the basis of new American Diabetes
Association guidelines (14). Exclusion criteria
consisted of type 1 diabetic patient, acute
complications of diabetes, GDM, history of
other acute illness or infections , tuberculosis,
gout, rheumatoid arthritis, skeletal muscle
injury and patients on insulin therapy. Serum
glucose measurement was done by glucose
oxidase and peroxidase methods (15). HbA1c
was measured by Nycocard Reader (16). The
total activity of serum ADA was assayed with
a commercially supplied kit (Tulip Diagnostic
(P) Ltd, Verna Goa, India); instructions
followed according to the manufacturer. The
assay was based on the colorimetric method
described by Guisti and Galanti (17). One unit
of ADA was defined as the amount of enzyme
required to release three micromoles of
ammonia per minute from adenosine in one
hour at 37°C. The total ADA activity was
expressed as U/L. Serum UA was determined
by uricase/PAP method (Fossati & Prencipe,
1980) (18).
The results obtained from the above
investigations were analyzed and expressed as
mean±SD by using Excel 2007. The
comparison was done by student t-test on
variables of each parameter by using SPSS
software, version 16, (SPSS Inc, Chicago (IL).
The Pearson’s correlation coefficient was used
for examining the relationships between serum
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ADA, UA and HbA1c. Ethical approval for
the study was taken from the institutional
research ethical committee.

Results
Table 1 represents the sex and age distribution
of the study groups. Mean FPG levels were
89.65±8.22 mg/dl for group A, 131.63±13.79
mg/dl for group B, and 162.92±21 mg/dl for
group C. There was a significant difference of
FPG level between groups A and B
(P<0.0001) as well as groups B and C
(P<0.0001)(Table2).
The mean HbA1c levels are shown in Table 3.
There was a significant difference (p<0.0001)
ofHbA1c level between any paired of the
groups.
Mean serum ADA levels in the groups are
presented in table 4. Statistical analysis
showed significant difference of serum ADA
between the groups (P<0.0001).Mean serum
UA levels was also statistically different
between any paired of the groups except for
the groups A vs. B (P>0.05)(Table5).
The Pearson correlation coefficient for the
relationships between serum ADA, HbA1c
and UA levels in Group B showed positive
correlation between HbA1c and ADA
(r=0.03). Similarly, comparison of serum UA
and HbA1c levels revealed positive correlation
(r=0.25). There was also significant
relationships between serum ADA and HbA1c
levels, as well as between serum UA levels
and HbA1c in Group C(r=0.28, r=-0.07
respectively) (Table 6).

Diabetes mellitus, a common endocrine
metabolic disorder, is a leading cause of death
worldwide (19).It is characterized by
hyperglycemia resulting from a variable
interaction of hereditary and environmental
factors and is due to the combination of insulin
resistance (impairment in insulin-mediated
glucose disposal) and defective secretion of
insulin by pancreatic β cells (20).
In the present study, the mean serum ADA
levels of group C were significantly higher
than group B (P<0.001). Also, the levels of
ADA were significantly higher in both groups
B and C than Group A (P<0.001).Similar
results were reported by Hoshino et al.(7),
Kurtal et al. (21) and Kaur et al. (22).
Immunological disturbances of cell-mediated
origin are believed to initiate from Tlymphocyte dysfunction. Recent in vitro
studies implicated that in T2DM, inappropriate
immune responses may result from the defects
in the action of insulin required for the
function of T-lymphocytes (23).ADA plays a
crucial role in lymphocyte proliferation and
differentiation (24) and shows its highest
activity in T-lymphocytes (25). In the present
study, a significant elevation in the ADA
levels was observed in diabetic subjects
compared to the controls. High plasma ADA
activity might be due to abnormal Tlymphocyte responses or proliferation and may
point to a mechanism that involves its release
into circulation (24). Therefore, as presented
in Figure 1, increased ADA activity in diabetic
individuals could be due to altered insulinrelated T-lymphocyte function (25-33).

DISCUSSION
Table 1- Sex and number distribution of
subjects in group A, B and C
Group
Group A(n=40)
Group B(n=40)
Group C(n=40)

Male Female Mean age(years)
20
20
48.42±12.12
25
15
47.82±13.12
23
17
48.10±10.12

Table 3- Showing HbA1c level in all groups
Group
A
B
C

Mean SD
5.14 ±0.49
6.03±0.50
9 ±. 81

HbA1c (%)
Comparison
Group A vs. B
Group A vs. C
Group B vs. C

P value
<0.0001
<0.0001
<0.0001

Table 2- Showing FPG level in all groups
Group
A
B
C

Mean SD
89.65±8.22
131.63±13.79
162.92 ± 21

FPG(mg/dl)
Comparison
Group A vs. B
Group A vs. C
Group B vs. C

P value
<0.0001
<0.0001
<0.0001

Table 4- Comparison of Serum Adenosine
Deaminase (ADA) levels in three groups
Group Number Mean ±SD Comparison
40
18.15±4.21 Group A vs. B
A
40
33.88±7.89 Group A vs. C
B
42.93 ±14.67 Group B vs. C
40
C
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P value
<0.0001
<0.0001
≈0.0009
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Table 5- Comparison of Serum Uric acid levels in
three groups

Table- 6 Comparison of Serum ADA, Uric acid
and HbA1c in Group B and Group C

Group Number Mean ±SD

Parameter

Comparison

P value

A

40

6.07 ± .96

Group A vs. B

>0.05NS

B

40

6.64 ± 1.54 Group A vs. C

≈0.0002

C

40

5.17 ±1.13

<0.0001

Group B vs. C

Mokhtari et al (2009) documented that ADA
activity is significantly higher in gestational

ADA
Uric acid

r value
p value
r value
p value

Group B
Group C
HbA1c ADA HbA1c ADA
+ 0.03
+0.28
<0.0001
<0.0001
+ 0.25
0.2
- 0.07 0.000
<0.0001 <0.0001 <0.0001 <0.0001

diabetes mellitus and pregnant individuals than
normal group (34).

Diabetes mellitus type 2

Hyperglycemia

Increased activity of NADPH
oxiadse

Auto-oxidation of glucose

Production of advanced
glycated end products (AGE's)

AGE's stimulate the receptors
for advanced glycation end
products (RAGE's)

Formation of superoxide anion

Increased generation of reactive oxygen species causing oxidative stress

AGE's bind to AGE receptors on several cell types leads to release of cytokines
TNFA α, IL.1, IL.6 and growth factors from macrophages and mesangial cells

Activation of T lymphocytes

Activated lymphocytes and macrophages influence each other and also release
inflammatory mediators that affect the other cells

ADA plays a crucial role in lymphocyte proliferation and differentiation

Highest activity of ADA might be due to abnormal T-lymphocyte proliferation
and differentiation
Figure 1- Possible Mechanism of high activity of ADA in type 2 diabetic patients
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Results of this study showed positive
correlation between HbA1c and ADA and
between HbA1c and UA in group B (r=0.03,
0.25 respectively). The correspondent
comparisons were also significant in group C
(r=0.28, -0.07 respectively).These finding
were in accordance with Choi et al. (35) and
Tuomilehto et al. studies (13).

increasing levels of HbA1c (>7%). Serum
ADA and serum UA levels reflect closely
related components of T2DM.Further studies
are required in Nepal to support these findings.
We believe that our study results serve as
baseline data to plan such studies in future in
Nepal.
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