
Introduction
Diabetes mellitus is one of the commonest endocrinal disorder 
affecting a majority of the world's population and reaching to 
a wide-ranging proportions among many countries1. Not only 
in India but also in many developed and developing 
countries, diabetic patients are increasing day by day which 
may be due to the process of shifting in lifestyle, increase 
consumption of fast foods and beverages containing high 
levels of sugars (e.g. different drinks and sodas), lack of 
exercise, unhealthy diet, obesity, obesity, and socioeconomic 
changes over the past four decades2. Diabetes mellitus can 
be dened as a group of metabolic disorders that are 
characterized by several defects in the regulation of 
carbohydrate, fat or protein metabolism, or all of the above3. 
Diabetes mellitus is characterized by hyperglycaemia, 
glycosuria, hyperlipidaemia, and negative nitrogen balance. 
The level of hyperglycaemia in diabetes mellitus patients 
results mainly from defects in insulin secretion or function, or 
both that leads to metabolic deregulation which may be 
associated with secondary damage to multiple organ 
systems, especially in areas like nerves, eyes, blood vessels 
and kidneys. The prevalence of diabetes mellitus is 
intensifying worldwide4. In other words Diabetes mellitus 

incorporates a heterogeneous group of disorders 
characterized by hyperglycaemia associated with multiple 
disorders including metabolic, cellular, and blood 
disturbances leading to vascular complications5. The number 
of people suffering from type 2 (T2) Diabetes Mellitus has been 
increasing due to the aging population, urbanization, and low 
physical activity. According to International Diabetes 
Federation (IDF) estimate of 2013, 382 million (8.3%) adults 
had diabetes worldwide. The number has been increasing by 
twofold over the past 20 years, and 80% of the people with 
diabetes particularly live in low and middle socio-economic 

6countries .

The relationship between some components of metabolic 
syndromes and leukocytes was noted in several 
epidemiological studies which showed association between 
white blood cell count (WBC) and diabetes mellitus7. 
Leukocyte plays an important role during inammation and 
also play some roles in the development of diabetes. There are 
common ndings of reduced haemoglobin concentrations in 
diabetic patients8.9. The liver plays an important role in 
carbohydrate metabolism having capability to store glucose 
as glycogen and synthesize glucose from non-carbohydrate 
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sources10. Increased activities of liver enzymes such as 
aspar ta te  amino t rans fe rase  (AST)  and  a lan ine 
aminotransferase (ALT) are indicators of hepatocellular injury 
and also associated with insulin resistance, metabolic 
syndrome and type 2 diabetes11-13. Diabetic patients may 
have induced dyslipidaemia basically characterized by 
elevated levels of total cholesterol, triglycerides, low levels of 
HDL and increased low-density lipoprotein (LDL)14 
(Nakanishi et al, 2005). In the present study we aim to study 
various haematological and biochemical changes among 
Type 2 diabetes mellitus patients in hilly Garhwal region of the 
Himalayan state of Uttarakhand.

Materials and Methods
Cross-sectional study was done in Type -2 diabetic patients 
with long time history of suffering from diabetes. This present 
study was carried out in HNB Base Hospital and few private 
clinical centres, at Srinagar in Garhwal region of Uttarakhand 
during January to December, 2018. A total 107 type-2 diabetic 
patients, out of which 62 (58%) were males and 45 (42%) were 
females with the age group 30-80 years and equal numbers of 
healthy volunteers with 48 (45%) males and 59 (55%) females 
having the age group 22-84 years were included in the study. 
The Institutional ethical committee clearance was obtained.
For the purpose of the study 10 ml of venous blood were drawn 
from each volunteer using a disposable plastic syringe. 
Haematological  analysis were done using 2 ml of blood 
collected in tubes containing Ethylene diamine tetra-acidic 
acid (EDTA) for the assessment of haematological changes 
like haemoglobin (Hb), red blood corpuscles (RBC), packed 
cell volume (PCV), mean corpuscular volume (MCV), mean 
corpuscular haemoglobin (MCH), mean corpuscle 
haemoglobin concentration (MCHC), Platelet count (PLT), 
white blood cell count (WBC) and Neutrophil (NEUT), 
Lymphocyte (LYMPH), Monocyte (MONO) and Eosinophil 
(EOSINO) as studied by Sood in 199615 and Al-Ali et al. in 
201616.

Biochemical analysis were done using 8ml of the blood, 
poured in test tube container and then centrifuged after 
clotted. Serum was kept at 20ºC in sterile condition till used for 
the assessment of Aspartate aminotransferase (AST), Alanine 
aminotransferase (ALT) and Fasting blood sugar (FBS), serum 
Urea (as revealed by Will and Savory in 198117) , Creatinine 
and Cholesterol (showed by Kind and King in 195418, Reitman 
and Frankel in 195719 and Meiattini in 197820).

Statistical analysis: Collected data were entered into 
Microsoft Excel and analysed using SPSS of windows version-
21 (Trial). Descriptive statistical measures such as percentage 
and Student t-test were applied to identify the relationship 
between variables and to know statistically signicant 
(p<0.5).

Results
The values of haematological parameter in type-2 diabetic 
patients and healthy volunteers  were shown in Table-1. MCH 
and WBC counts were found statistically insignicant 
(p>0.05) in both diabetic patients and healthy volunteers 
while PLT, Lymph and Mono were found statistically 
signicant (p<0.05), remaining all others parameters were 
found statistically highly signicant (p<0.001).

Activity of serum marker enzymes (AST and ALT) in  type-2 
diabetic and healthy volunteers were shown in table-2. Results 
revealed a statistically highly signicant increase (p<0.001) 
in both parameters AST and ALT in diabetic patients as 
compared to the healthy volunteers.

The biochemical parameters FBS, Urea, Creatinine and 
Cholesterol values (Mean ± SD) of both groups were shown in 
Table-3. FBS, Urea and Cholesterol were found statistically 

highly signicant (p<0.001) in both type-2 diabetic patients 
and healthy volunteers while Creatinine was found 
statistically signicant (p<0.05) in present study.

Discussion
The results showed a decrease in the mean values of 
haemoglobin concentration (Hb), red blood cell (RBC) count, 
Packed cell volume (PCV),  mean corpuscular volume (MCV) 
Neutrophil (NEUT) count  among the type-2 diabetic patients 
against the healthy volunteers whereas mean value of mean 
corpuscular haemoglobin (MCH), mean corpuscular 
haemoglobin concentration (MCHC), platelets counts (PLT), 
white blood corpuscles (WBC), lymphocytes (LYMPH), 
monocytes (MONO) and eosinophil (EOSINO) count 
increases among type-2 diabetic patients in contrary to the 
healthy volunteers. Whereas, other studies have shown that 
several morphological changes in RBCs are signicantly 
present among diabetic patients. Such changes include 
anisocytosis, poikilocytosis and hypochromia a direct impact 
on erythrocyte (RBC) functions that may contribute upon 
patient's complex pathology also as revealed by Zafer Saad 
Al Shehri21 in 2017 and Neam et al.22 in 2015. But some 
previous studies also demonstrated that in uncontrolled type-
2 diabetic patients, erythrocytes persist throughout their life 
span in the hyperglycaemic condition and consequently 
subjected to a series of changes which in turn affect their ow 
properties and functions (Sing et al. 2009)23. Anaemia is a 
common feature in patients with diabetes due to the high 
burden of chronic kidney disease (Thomas 2007) with 
glycosylation of red blood cells membrane protein (Oyedemi 
et al., 2011)24. The study results demonstrated that levels of 
WBCs and differential leukocyte counts were slightly 
increased in type-2 diabetic patients compared to controls. A 
study by Vozarova et al. in 200225 also demonstrated the 
relationship between WBC and diabetes mellitus as a result of 
increased inammatory mediators. Inammatory agents, 
insulin and human blood components form a critical signal for 
any abnormalities, resulting in invasion mainly by foreign 
agents and/or inammation (Ohshita et al. 2004)26. These 
latter factors can induce in defense mechanisms and mainly 
contribute in changes of blood parameters levels, including 
mean white blood cell count, mean platelet count, and 
phagocyte percentage (Weyer et al. 2000)27. Moreover, the 
study also showed an increase in mean values of platelet 
count in diabetic patients compared to control group. This 
increase may be a reection of platelet activation which are 
demonstrated through some previous studies that platelets 
have large and variable sizes as observed in numerous 
c l in ica l  condi t ions ,  such  as  haemorrhages  and 
myeloproliferative disorders. The increase might also 
designate microvascular dysfunction (Beyan et al. 2006)28. 
Our results also agreed with other results which had shown 
that patients with diabetes mellitus show altered platelet 
function, such as high platelet counts and high mean platelet 
volume (MPV). It has also been reported that diabetic patients 
are likely to experience an increased risk for vascular disease 
(Papanas 2004)29.

The mean differences of ALT and AST were found signicantly 
increased through liver function tests (LFT) in patients of type-
2 diabetes as compared to healthy control group. Idris et al. in 
201130 also found signicant increase in liver function tests 
(ALT and AST) in type-2 diabetic patients. Clore et al. in 
199231 had suggested that increase in liver enzymes levels in 
patients of diabetes mellitus resulted mainly from inuence of 
insulin on liver and muscle tissue whereas Vazarova et al. 
(2002)32 proposed that a raised ALT reects fatty changes in 
the abnormal liver morphology that antedates the 
development of type-2 diabetes. The mean differences  of  
Fasting Blood sugar (FBS), Urea, Creatinine and Cholesterol 
were statistically signicant compare to normal which 
resembles to the ndings of Lal et al. 200933. The biochemical 
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changes may be because patients with long-term diabetes 
have repression of glycolytic enzymes and depression of 
gluconeogenic enzymes that indorses gluconeogenesis in 
liver which further contributes to hyperglycaemia (Wun et al. 
2008)34.

Conclusion
Type-2 diabetes mellitus has become a serious public health 
p r o b l e m  w o r l d w i d e .  P r i m a r y  b i o c h e m i c a l  a n d 
haematological changes in type-2 diabetic patients which 
mainly lead to the development of long-term complications 
and deprived quality of life or death. So, it is highly important 
to follow up and carefully screen the biochemical and 
haematological parameters in case of diabetic patients.
Source of Support: Nil 
Conict of Interest: Nil

Table 1: Some Haematological Parameters in Diabetic 
Patients and Healthy Volunteers Group

Table 2: Some Serum Enzymes in Diabetic Patients and 
Healthy Volunteers Group 

Table 3: Some Biochemical Parameters in Diabetic Patients 
and Healthy Volunteers Group
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Parameters Patients 
(n=107)

Health 
Volunteers 

(n=107)

t-test 
value

p
 value

Mean S.D Mean S.D

Hb (g/dl) 12.5 2.0 13.2 1.7 2.76 <0.00

RBC(millions/
mm3)

4.3 0.5 4.7 0.6 5.30
<0.00

1

PCV 36.5 5.1 39.5 5.2 4.26 <0.00

MCV( fL) 83.4 8.9 83.9 5.3 3.49 <0.00

MCH(pg) 28.8 3.6 28.2 2.5 1.41 >0.05

MCHC(gm/dl)
34.3 1.4 33.2 0.9 13.05

<0.00
1

PLT(lack/mm3
)

2.5 1.1 2.2 0.9 2.18 <0.05

WBC(cell/mm
3)

8259.8 2717.9 7973.2 2720.6 0.77 >0.05

NEUT(%) 63.3 10.2 67.4 7.6 3.33 <0.00

LYMPH(%) 31.7 9.1 28.5 7.0 2.88 <0.05

MONO(%) 2.6 1.6 2.1 1.1 2.66 <0.05

EOSINO(%) 2.8 2.1 2.0 1.0 3.55 <0.00

Parameters Patients 
(n=107)

Health Volunteers 
(n=107)

t-test 
value

p 
value

Mean S.D Mean S.D

ALT(U/L) 40.3 28.5 30.5 13.2 3.22 <0.001

AST(U/L) 46.0 37.8 29.7 11.2 4.27 <0.001

Parameters Patients (n=107) Health Volunteers 
(n=107)

t test 
value

p 
value

Mean S.D Mean S.D

FBS(mg/dl)
198.0 82.1 94.7 12.3 12.87

<0.0
01

UREA(mg/dl 39.6 29.5 24.9 9.2 4.92 <0.0

CREATININ
E(mg/dl)

1.2 1.1 0.9 0.2 2.77 <0.0
5

CHOLESTE
ROL(mg/dl)

203.8 39.0 166.9 20.5 8.87 <0.0
01
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