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Serum Adenosine Deaminase Activity  
and Its Correlation with Glycated 
Haemoglobin Levels in Patients of  
Type 2 Diabetes Mellitus
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ABSTRACT
Background: Adenosine deaminase (ADA) is suggested to be 
an important enzyme for modulating the bioactivity of insulin, 
but its clinical significance in Type 2 diabetes mellitus (Type 2 
DM) is not yet characterized. The present study was undertaken 
to evaluate serum ADA activity and serum uric acid levels in 
patients of Type 2 DM.

Material and Method: It is a of case control study. The subjects 
included in this study were divided into 3 groups. Group A 
consisted of 60 normal healthy individuals who served as 
controls with no history of DM. Group B consisted of 60 patients 
of Type 2 Diabetes Mellitus both males & females in the age 
group of 40-65 years on oral hypoglycaemic drugs with HbA1c 
<7%. Group C consisted of 60 patients of Type 2 Diabetes 

Mellitus both males & females in the age group of 40-65 years 
on oral hypoglycaemic drugs with HbA1c >7 %. Serum levels of 
fasting blood sugar, HbA1c, ADA and uric acid were estimated in 
all the subjects under study.

Results: All the three parameters, FBS, HbA1c and ADA levels 
were found to be increased in the patients of Type 2 DM as 
compared to controls. The mean serum uric acid levels showed 
a bell shaped relation with glycaemic control.

Conclusion: From the present study, it is concluded that there 
is an increase in serum ADA levels with increase in HbA1c levels. 
It was found that the serum uric acid levels increased with 
moderately increasing levels of HbA1c <7% and then decreased 
with further increasing levels of HbA1c >7% (a bell-shaped 
relation).

InTRoduCTIon
Diabetes Mellitus is the most common endocrinological disorder 
characterized by metabolic abnormalities and long term 
complications. The incidence and the prevalence of Type 2 DM is 
globally increasing and becoming a major public health problem 
for health care providers [1]. Diabetes is projected to increase 
significantly in the coming period and it is estimated that 80 million 
people in India would be having diabetes by the year 2030 [2].

Diabetes is a state characterized by chronic hyperglycaemia result-
ing from diverse aetiologies, environmental and genetic factors 
acting together. The long term control of diabetes mellitus is judged 
by glycosylated haemoglobin which was first isolated by Allen et 
al [3]. It is formed non-enzymatically by a two step reaction. The 
levels of HbA1c have increased in diabetic patients and reflected 
their metabolic control over the past 8-10 weeks [4].

Adenosine deaminase, an enzyme, which is present in red cells and 
the vessel wall catalyses the irreversible hydrolytic deamination of 
adenosine to inosine and 2’-deoxyadenosine to 2’-deoxyinosine. 
Inosine and 2’-deoxyinosine are converted to hypoxanthine, 
xanthine and finally to uric acid [5]. ADA is considered as a good 
marker of cell mediated immunity [6]. High lymphocyte ADA 
activities were found to be elevated in diseases in which there is 
cell mediated immune response [7].

In a study, Hoshino T et al [5] reported elevated ADA activity in 
the serum of Type 2 DM patients whereas Angielski S et al [8] 
demonstrated that 5’-nucleotidase and ADA activities were not 
changed in isolated glomeruli of streptozocin diabetic rats. 

original Article

A significant co-relation between the ADA levels and uric acid levels 
in diabetes was analysed by Kurtul N et al. [9]. They concluded that 
high uric acid levels in DM patients were due to the increased ADA 
activity. 

Kramer CK et al [10] also reported the association of high uric acid 
levels with Type 2 DM whereas in a study, Tuomilehto J et al [11] 
demonstrated low uric acid levels in diabetic patients.

Even though there are reports available on serum adenosine 
deaminase levels and serum uric acid levels in patients of Type 2 
diabetes mellitus but these are still not very clear and conclusive. 
Moreover, study showing co-relation of serum ADA activity and 
serum uric acid levels with the glycaemic control in Type 2 DM 
patients have not been conducted in this part of the country yet.

Hence, in the light of the above mentioned facts, the present study 
was designed to evaluate the serum ADA activity and serum uric 
acid levels in patients of Type 2 diabetes mellitus and its comparison 
with the controls and further to find any correlation of serum ADA 
activity and serum uric acid levels with the glycaemic control in 
patients of Type 2 diabetes mellitus. 

MATeRIAlS And MeThodS
The subjects included in the present study were 120 patients of 
Type 2 diabetes mellitus in age group of 40-65 years of either sex, 
on oral hypoglycaemic drugs, attending the OPD of Department of 
Medicine of the institute. A group of 60 normal healthy individuals, age 
and sex matched from the same population served as controls.
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These 180 subjects were divided into 3 groups: 

•	 GROUP	A	comprised	of	60	normal	healthy	 individuals	both	
males and females in the age group of 40-65 years from the 
general population who volunteered for getting included in the 
present study.

•	 GROUP	 B	 comprised	 of	 60	 patients	 of	 Type	 2	 Diabetes	
Mellitus both males & females in the age group of 40-65 years 
on oral hypoglycaemic drugs with HbA1c<7 %.

•	 GROUP	 C	 comprised	 of	 60	 patients	 of	 Type	 2	 Diabetes	
Mellitus age and sex matched on oral hypoglycaemic drugs 
with HbA1c>7 %.

All the patients and controls were from the same population in the 
age group of 40–65 years of either sex. Informed consent was 
taken from all the subjects included in the study. Patients with type 
1 diabetes mellitus, acute complications of diabetes mellitus and 
history of acute infection or other ailments like gross congestive 
heart failure, tuberculosis, gout, rheumatoid arthritis, skeletal 
muscle injury and renal failure were not included in this study. 

It was a case control prospective study. A complete clinical 
examination of subjects was done. The subjects were screened 
for serum blood sugar, serum adenosine deaminase, serum uric 
acid and glycated haemoglobin. Fasting blood sugar estimation 
by GOD-POD Method [12]. Glycosylated hemoglobin (HbA1c) 
estimation by Nycocard Reader [13]. Serum ADA levels estimation 
by Giusti and Galanti [14]. Serum uric acid estimation by Trivedi 
R.C. et al. [15].

STATISTICS
Results were analyzed by Oneway ANOVA and Post Hoc Turkey 
HSD and a probability of less than 5% (p < 0.05) was considered 
to be statistically significant. The study was approved by the ethical 
committee of the institute.

ReSulTS 
The statistical analysis showed sex and number distribution in 
these three groups was comparable [Table/Fig-1]

The mean FBS levels of Group A were 82.00 ± 13.00 mg/dl, Group 
B were 126.12 ± 22.71 mg/dl and the corresponding values among 

Group C subjects were 136.97 ± 24.88 mg/dl. In the present study, 
the mean FBS levels of Group B and Group C were found to be 
highly significantly higher than Group A (p <0.001). Although the 
mean FBS levels of Group C were higher than Group B but the 
difference was statistically not significant (p=0.115). It was further 
observed that the mean HbA1c levels in Group A were 5.75± 
0.46%, in Group B were 6.09± 0.56% and the corresponding 
values among Group C were 8.72± 1.35%. From this study it was 
observed that the difference in the levels of HbA1c was found to 
be insignificant between Group B and Group A (p= 0.300) [Table/
Fig-2].

In the present study the mean serum ADA levels in Group A were 
17.30±	7.28	U/L,	in	Group	B	were	30.04±	10.41	U/L	whereas	in	
Group	C	were	44.23±	16.14	U/L.	Statistical	analysis	showed	that	
the mean serum ADA levels of Group C were significantly higher 
than Group B (p<0.001) and the levels of ADA were significantly 
higher in both Group B and Group C as compared to Group A 
(p<0.001) [Table/Fig-3].

The mean serum uric acid levels in Group A were 6.34 ± 1.62 mg/
dl, in Group B were 6.90 ± 1.90 mg/dl and in Group C were 5.13 
± 1.32 mg/dl. The mean serum uric acid levels of Group B were 
significantly higher than Group C (p<0.001) whereas levels of mean 
serum uric acid in Group C were significantly lower than Group 
A (p=0.014) but no significant difference was observed between 
Group A and Group B (p=0.381) [Table/Fig-4].

The Pearson’s correlation coefficient for the relationships between 
serum	 ADA,	 Uric	 acid	 and	 HbA1c levels in Group B showed 
positive correlation between HbA1c and ADA (r=0.002). Similarly 
when the comparison was made between serum uric acid levels 
and HbA1c there was positive correlation (r=0.196) but when the 
comparison was made between serum ADA and uric acid there 
was no correlation (r=0.000) [Table/Fig-5].

The Pearson’s correlation coefficient for the relationships between 
serum	 ADA,	 Uric	 acid	 and	 HbA1c levels in Group C showed 
positive correlation between HbA1c and ADA (r=0.125). When the 
comparison was made between serum uric acid levels and HbA1c 
there was negative correlation (r= -0.015) [Table/Fig-5].

dISCuSSIon
Diabetes Mellitus is a cluster of abnormal metabolic paradigm 
having a common feature of hyperglycaemia [16]. Being a chronic 
metabolic disorder, it has assumed a epidemic proportion and its 
long term complications could have devastating consequences [17].  

Group A Group b Group C

Number 60 60 60

Male / Female (% age) 53.33/46.66 70/30 43.33/56.66

[Table/Fig-1]: Showing sex and number distribution in three group

 
Group no. 

FbS hbA1c

Mean ± Sd Comparison p value Mean ± Sd Comparison p value

Group A 60 82.00 ± 13.00 Group A vs. B <0.001*** 5.75± 0.46 Group A vs. B 0.300NS

Group B 60 126.12± 22.71 Group A vs. C <0.001*** 6.09± 0.56 Group A vs. C <0.001***

Group C 60 136.97± 24.88 Group B vs. C 0.115NS 8.72± 1.35 Group B vs. C <0.001***

[Table/Fig-2]: Showing FBS & HbA1c in control and study groups

No.: Number of cases; SD: Standard Deviation; p < 0.001; Highly Significant.
 

Group n
range
(u/l)

Mean ± Sd
(u/l) 95% CI Comparison p value

Group A 60 2.5-30.0 17.30± 7.28 14.58-20.02 Group A vs. B <0.001***

Group B 60 12.7-55.5 30.04± 10.41 26.16-33.93 Group A vs. C <0.001***

Group C 60 11.6-82.2 44.23± 16.14 38.21-50.26 Group B vs. C <0.001***

[table/Fig-3]: Comparison of Serum Adenosine Deaminase (ADA) levels in three groups

N: Number of cases; SD: Standard Deviation; CI: Confidence Interval;***P<0.001; Highly Significant
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Group n
range
(mg/dl)

Mean ± Sd
(mg/dl) 95% CI Comparison p value

Group A 60 3.8-9.3 6.34 ± 1.62 5.74-6.95 Group A vs. B 0.381NS

Group B 60 4.2-12.9 6.90 ± 1.90 6.19-7.61 Group A vs. C 0.014*

Group C 60 3.3-7.5 5.13 ± 1.32 4.64-5.63 Group B vs. C <0.001***
[Table/Fig-4]: Comparison	of	Serum	Uric	acid	levels	in	three	groups

N: Number of cases; SD: Standard Deviation; CI: Confidence Interval; NS: p > 0.05; Not Significant; *P< 0.05; Significant at 5% significance level; 
***P<0.001; Highly Significant.

parameter 

Group b Group C

hbA1c AdA hbA1c AdA

ADA r value .002 .125

p value .993 .512

Uric	acid r value .196 .000 –0.015 .201

p value .300 .998 .939 .287

[Table/Fig-5]:	Comparison	of	Serum	ADA,	Uric	acid	and	HbA1c in Group 
B and Group C.

r value: Pearson correlation coefficient; *Correlation is significant at the 
0.05 level; **Correlation is significant at the 0.01 level.

[Table/Fig-6(A &B)]: Yellow boxes indicate generation of free radicals in 
diabetic patients. Blue box indicate signalling molecules.

It is characterized by an absolute or relative deficiency of insulin 
and insulin resistance. 

In the present study, we observed that 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 Group B and 
Group C than Group A (p < 0.001). Similar results were reported 
by Hoshino T et al [5] and Kurtal N et al. [9].

Type-2 diabetes mellitus has been shown to be a state of 
increased free radical activity [18]. Chronic hyperglycaemic status 
favours auto-oxidation and the formation of advanced glycation 
end products [19]. The generation of free radicals in the diabetic 
patients can be due to the following mechanisms.

Hyperglycaemia leads to activation of NADPH oxidase, which is a 
multi-subunit enzyme, that catalyses O2

–. formation by one electron 
reduction of O2 using NADPH or NADH as electron donor [20] 
[Table/Fig-6(A)].

2O2 + NADPH (or NADH)  2O2
– + NADP (or NAD) + H+

Another source of superoxide anion formation could be auto-
oxidation of glucose which is subjected to enediol rearrangements 
that result in the formation of an enediol radical ion. This species is 
capable of reducing molecular oxygen to form superoxide anion[19] 

[Table/Fig-6(A)].

Hyperglycaemia causes formation of Advanced glycation End 
Products (AGEs) as result of non-enzymatic reactions between 
intra-cellular glucose-derived dicarbonyl precursors with the amino 
group of both intracellular and extracellular proteins [21]. The AGEs 
stimulate receptors for advanced glycation end products (RAGE). 
Their interaction is believed to initiate and aggravate the diabetic 
complications. In addition they increase the generation of reactive 
oxygen species in macrophages thereby causing heightened 
oxidative stress [22]. [Table/Fig-6(A)] AGEs bind to AGE receptors 
on several cell types (endothelial cells, mesangial cells and macro-
phages) lead to release of cytokines; TNF-α, IL-1, IL-6 and growth 
factor from macrophages and mesangial cells [23] resulting in 
activation of T lymphocytes [24] [Table/Fig-7].

Furthermore, in the presence of superoxide dismutase, superoxide 
anion leads to formation of H2O2 which is responsible for activating 
the signalling molecules leading to inflammation, cell growth, 
apoptosis and fibrosis [20] [Table/Fig-6(B)].

Activated lymphocytes and macrophages influence each other 
and also release inflammatory mediators that affect other cells 
[23]. A close correlation has been found between the severity of 
inflammation and a local increase in both expression and activity of 
ADA [25]. ADA plays a crucial role in lymphocyte proliferation and 

[Table/Fig-7]: The regulation of TH subsets by cytokines. Solid arrows 
indicate stimulatory effects (+); dashed arrows indicate inhibitory effects 
(–). Purple arrows indicate the cytokines of the TH1 pathway; orange, the 
TH2 pathway.
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differentiation [26] and shows its highest activity in T- lymphocytes 
[6]. The high plasma ADA activity might be due to abnormal T- 
lymphocyte responses or proliferation [26].

The Pearson’s correlation coefficient for the relationships between 
serum	ADA,	Uric	acid	and	HbA1c levels in Group B showed positive 
correlation between HbA1c and ADA (r=0.002) but the difference 
was not statistically significant (p=0.993) which means that with 
the increase in HbA1c, levels of serum ADA were also increased. 
This finding was in accordance with the study of Kurtul N et al. [9]. 
Similarly when the comparison was made between serum uric acid 
levels and HbA1c there was positive correlation (r=0.196) which 
was statistically not significant (p=0.300). The reason for increased 
uric acid levels in this group could be due to increased activity 
of ADA, an enzyme responsible for converting adenosine to uric 
acid. Another reason behind the increase in serum uric acid levels 
could be due to increased flux of glucose-6-phosphate through the 
hexose monophosphate shunt due to impairment of the glycolytic 
pathway. This finding was in accordance with study by Dehghan A 
et al [27] and Modan M et al. [28].

The Pearson’s correlation coefficient for the relationships between 
serum	 ADA,	 Uric	 acid	 and	 HbA1c levels in Group C showed 
positive correlation between HbA1c and ADA (r=0.125). Although 
statistically not significant (p=0.512). Similarly when the comparison 
was made between serum ADA and uric acid there was positive 
correlation (r=0.201) but statistically not significant (p=0.287). 
When the comparison was made between serum uric acid levels 
and HbA1c there was negative correlation (r=-0.015) which was 
statistically not significant (p=0.939) meaning thereby that when 
the levels of HbA1c increased more than 7% there is decrease in 
uric acid levels. The reason for this finding is thought to be due to 
the uricosuric effect of glycosuria. This finding was in accordance 
with Choi H.K. et al [29] and Tuomilehto J et al study [11].

 In conclusion our study suggests that there is an increase in serum 
ADA levels with increase in HbA1c levels. Furthermore, it was found 
that the serum uric acid levels increased with moderately increasing 
levels of HbA1c (<7%) and then decreased with further increasing 
levels of HbA1c >7% (a bell-shaped relation). Serum ADA and 
serum uric acid levels reflect closely related components of the 
same disease i.e. Type 2 Diabetes Mellitus. 
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