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Abstract

Introduction: The aim of this study was to investigate various biochemical and
hematological parameters in patients with type 2 diabetes mellitus (T2DM) and compare 
those with non-diabetic subjects (control group). Subjects: The study was conducted on
405 subjects (ages ranging from 26-65 years old; sex matched) who were classified into 
two groups: diabetic (n=205 subjects; males-105, females-100) and non-diabetic  
subjects (n=200; males-100, females-100). The study was carried out during the period 
of November 2016 to April 2017 in the Department of Clinical Laboratory Sciences at 
the College of Applied Medical Science Al-Dawadmi, Shaqra University in Saudi Arabia 
(with the collaboration of the General Hospital Al-Dawadmi). Methods: The following
various parameters were assessed for all subjects: body mass index (BMI), systolic and 
diastolic blood pressure (SBP-DBP), fasting blood sugar (FBS), serum glutamic pyruvic 
transaminase (SGPT), alkaline phosphatise (ALP), total cholesterol (T. Ch), triglyceride 
(TG), low-density lipoprotein (LDL), high density lipoprotein (HDL), hemoglobin (HB), red 
blood cell count (RBC), hematocrit (Ht), mean corpuscular volume (MCV), mean 
corpuscle hemoglobin concentration (MCHC), mean corpuscular hemoglobin (MCH), red 
cell distribution width (RDW), platelet count (Plt), mean platelet volume (MPV), platelet 
distribution width (PDW), total white blood cell count (WBC), lymphocyte count (L), 
neutrophil count (N),  eosinophil count (E), monocyte count (M), basophil count (B), 
neutrophil/lymphocyte ratio (N/L), and platelet/lymphocyte ratio (P/L). Results: The
results showed an increase in the mean values of SGPT, alkaline phosphatase, urea, 
serum creatinine, total cholesterol, triglyceride, and LDL in the T2DM group relative to 
the control group. Meanwhile, the mean value of HDL was significantly decreased in the 
T2DM group compared to the control group (p<0.05). The mean values of hemoglobin, 
RBC, MCV, MCHC and MCH were significantly decreased in the T2DM group compared 
to the control group. In contrast, the red cell distribution width significantly increased in 
the T2DM group versus control group (p<0.05).  
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The mean platelet count was not significantly changed in the T2DM group compared to 
the control group (p> 0.05), but the mean values of PDW and MPV were significantly 
higher in the T2DM group compared to the control group (p<0.05). The mean white 
blood cell count and differential white blood cell was significantly higher in the T2DM 
group compared to control group (p<0.05). Lastly, the mean neutrophil/lymphocyte ratio 
and platelet/lymphocyte ratio was not significantly different in the T2DM group 
compared to control group (p>0.05). Conclusion: In diabetes mellitus type 2 patients, 
certain biochemical and hematological changes are distinct from healthy subjects. It is 
important to follow up and monitor these parameters carefully in diabetic patients. 

Keywords 
Complete blood count, Diabetes mellitus type 2, Kidney function, Lipid profile, Liver 
function 

Introduction  

Diabetes mellitus is a very common endocrinal disorder affecting a majority of 
the world population and reaching to epidemic proportions in some countries 
(Guariguatart al., 2013). In Saudi Arabia, diabetic patients are increasing day by 
day and these may be due to shifts in lifestyle, increase rates of consumption of 
fast foods and beverages containing high levels of sugars (e.g. sodas), lack of 
exercise, unhealthy diet, obesity, obesity, and socioeconomic changes over the 
past four decades (Zahid 2015).   

Diabetes mellitus can be defined 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 above (Guyton et al., 2002). Diabetes mellitus is 
characterized by hyperglycemia, glycosuria, hyperlipidemia, and negative 
nitrogen balance. Hyperglycemia in diabetes mellitus results from defects in 
insulin secretion or function, or both. The metabolic deregulation may be 
associated with secondary damage to multiple organ systems, especially the 
nerves, eyes, blood vessels and kidneys. The incidence of diabetes mellitus is on 
the rise worldwide (Aslan et al., 2006).  

The relationship between some components of metabolic syndromes and 
leukocytes was noted in several epidemiological studies that showed an 
association between total white blood cell count (WBC) and diabetes mellitus 
(Barzilay et al., 2001). Leukocyte plays an important role during inflammation and 
also play some roles in the development of diabetes (Fu-Mei et al, 2005). There 
are common findings of reduced hemoglobin concentrations in diabetic patients 
(Thomas et al, 2003). The liver plays an important role in carbohydrate 
metabolism as it has the capability to store glucose as glycogen and synthesize 
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glucose from non-carbohydrate sources (Levinthal and Tavill, 1999). Increased 
activities of liver enzymes such as aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) are indicators of hepatocellular injury and also associated 
with insulin resistance (Marchesiri et al, 2001), metabolic syndrome and type 2 
diabetes (Sattar et al, 2004 and Wannamethee et al, 2005). Diabetic patients 
may have induced dyslipidemia. Dyslipidemia is characterized by elevated levels 
of total cholesterol, triglycerides, low levels of HDL, and increased low-density 
lipoprotein (LDL) (Nakanishi et al, 2005). 

In the present study we aim to study various biochemical and hematological 
changes among Type 2 diabetes mellitus patients in Saudi Arabia. 

Materials-Methods  

Study subjects  

This study consisted of 405 subjects (ages ranging from 26-65 years; sex 
matched) who were classified into two groups. The first group consisted of 
diabetic patients (n=205; males-105, females-100) and the second group 
consisted of non-diabetic subjects (n=200; males-100, females-100). The study 
was carried out during the period of November 2016 to April 2017 in the 
Department of Clinical Laboratory Sciences at the College of Applied Medical 
Science Al-Dawadmi, Shaqra University in Saudi Arabia (with the collaboration of 
the General Hospital Al-Dawadmi). All diabetes mellitus cases were clinically 
diagnosed by a specialized clinician. The patients were admitted to the General 
Hospital Al-Dawadmi. Patients with defective renal or hepatic diseases, acute 
infections and/or hematologic diseases with WBC count >15,000/mm3 were 
excluded. Height and weight were measured using height and weight scales in 
ZT-120. BMI was calculated as weight in kilograms divided by height in meters 
squared. Any BMI values from 23.0-24.9 kg/m2 were considered as overweight 
and >25.0 kg/m2 as obese (WHO 2000). 

Ethics approval and consent 

The study was conducted after ethics approval from the Institutional Ethical 
Committee of Shaqra University, and all participants signed an informed consent 
form before the study assessments.   

Laboratory evaluations 

Consent was taken from every subject and they were requested to fast overnight 
(10 to 12 hrs). Blood samples were collected by venipuncture from non-diabetic 
and diabetic subjects. The serum samples were separated after allowing them to 
clot by centrifugation at 2500 rpm for 10 minutes at room temperature and were 
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stored at -20°C until tested. Blood samples were treated as follows: for SGPT/
ALT, total cholesterol, urea & creatinine estimation 4 mL of whole blood was 
taken in a plain test tube and serum was separated by centrifugation at 2500 
rpm. However, in the case of glucose testing, 2 mL of blood was taken into a 
separate test tube containing fluoride fluid and within one hour of sample 
collection, plasma was separated. For estimation of CBC, 2 mL of blood was 
taken in a separate test tube containing ethylene di-amino tetra acetic acid 
(EDTA). Complete blood counts (including WBC, differential count and 
hemoglobin) were performed in an automatic counting machine (Cell-Dyn Ruby, 
Abbott Inc., Illinois, USA; Sysmex 1800i, Japan). Plasma glucose and other 
biochemical parameters (SGPT/ALT, total cholesterol, urea, and creatinine) were 
measured in the BIRDEM Biochemistry Laboratory, Dhaka, by the following 
mentioned methods.  

Biochemical and Hematological Evaluations 

The levels of fasting blood sugar (FBS), total cholesterol, SGPT/ALT, urea, and 
creatinine were measured by commercially available kits (Bio-Rad Laboratories, 
Richmond, USA; Randox laboratories Ltd., Antrim, UK; Merck, Germany; Sigma 
Chemicals Co., USA; Roche international Inc., USA; Johnson & Johnson Inc., 
New Jersey, USA) by Dade Behring, Hitachi-912 and Vitros-250 (Dry Chemistry) 
automated chemistry analyzers. The glucose test was done with the modified 
hexokinase-glucose-6-phosphate dehydrogenase method, presented as a 
general clinical laboratory method by Kunst et al. (Kunst A at al., 1983). The 
normal values are as follows: SGPT/ALT (up to 40 U/L), urea (10-50 mg/dL), 
creatinine (0.67-1.2 mg/dL), and total cholesterol (<200 mg/dL). The normal 
hematological parameters are as follows: WBC (4000-10,500/cm), hemoglobin 
(males: 13-17 g/dL; females: 12-15 g/dL), ESR (males: <10; females: <20 mm in 
1st hr (western green)), differential counts for neutrophil (40-70%), lymphocytes 
(20-45%), monocytes (2-8%), and eosinophils (1-5%). All biochemical tests were 
done at 37°C. 

Statistical Analysis 

Statistical Package for Social Sciences version 19.0 was used to perform the 
statistical analyses. The data were expressed as mean±SD or expressed as %. 
The mean values were tested for significance using a test for paired samples, the 
Student’s t-test and Mann-Whitney U test. Pearson’s Chi-square test was also 
used to compare the categorical variables between these two groups. To 
determine the relationship between N and L in the N/L ratio, the Spearman 
correlation analysis was used. The values was regarded as statistically significant 
when P < 0.05. 
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Results  

Demographic and characteristics of the study participants 

The results showed that the mean levels of systolic and diastolic blood pressure 
(BP) levels were significantly higher in T2DM patients than in the healthy, non-
diabetic (control) group (P<0.05); the body mass index showed a nonsignificant 
difference between  the two groups (Table 1; Fig. 1). 

Table 1. Demographic findings and characteristics of the study participants 

Figure 1. Demographic and characteristics of the study participants.  

Parameter Unit Reference range T2DM 
(M±SD)

Controls 
(M±SD) P- value

Age years - 45.5±5.5 46.8±4.8 0.112

BMI kg/m2
overweight: >23.0 to 24.9; 

obese: >25.0 kg/m2
22.36±1.4 21.9±1.87 0.006

SBP mm Hg <120 138.9±3.4* 121.4±3.1* 0.041

DBP mm Hg <80 88.2±1.62* 76.3±1.8* 0.036

Data are presented as mean±standard deviation; *p<0.05, **p<0.01.
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Figure 2. Biochemical laboratory results. The (mean ±SD) of FBS, SGPT, 
alkaline phosphatase, urea, serum creatinine, total cholesterol, triglyceride, HDL 
and LDL in the T2DM group relative to the control group.  

Table 2. Biochemical assessments for T2DM and control subjects 

Parameter Unit Reference range T2DM 
(M±SD)

Controls 
(M±SD)

P- value

FBS mg/dL 70-110 178.2±14.55** 86.4±5.32** <0.001

SGPT u/L up to 45 45.8±6.30* 25.4±2.87* 0.038

ALP u/L 80-306 150.1±4.2* 125.6±3.25* 0.021

Urea mg/dL <50 42.3±2.8* 31.9±1.5* 0.024

Creatinine mg/dL <1.5 1.05±0.045** 0.75±0.05** 0.009

T. Ch mg/dL >200 225.36±5.42* 186±4.22* 0.042

TG mg/dL >150 192.5 3±4.24* 165.8±3.63* 0.038

HDL mg/dL <40 31.95±2.11* 38.15±1.15* 0.047

LDL mg/dL >130 198.8±6.34* 142.6±5.17* 0.012

Data are presented as mean ± standard deviation; *p < 0.05, **p < 0.01.
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Biochemical laboratory assessments 

The results showed that there was an increase in the T2DM group compared to 
the control group with respect to the the mean values of the following 
parameters (values indicated): SGPT (45.8±6.30), alkaline phosphatise 
(150.1±4.2), urea (42.3±2.8), creatinine (1.05±0.045), total cholesterol 
(225.36±5.42), triglyceride (192.53±4.24), LDL (198.8±6.34) for the T2DM group, 
versus (25.4±2.87), (125.6±3.25), (31.9±1.5), (0.75±0.05), (186±4.22), 
(165.8±3.63), and (142.6±5.17), respectively, for the control group (Table 2; Fig. 
2A-H). Meanwhile, the mean value of HDL for the T2DM group (31.95±2.11) was 
significantly lower compared to that of the control group (38.15±1.15) (Table 2; 
Fig. 2I). 

Hematological parameters of diabetes mellitus patients 

The mean values of hemoglobin, RBC, MCV, MCHC, and MCH significantly 
decreased (p<0.05) in the T2DM group compared to the control group; the 
respective values were (11.89±1.25), (4.32±0.75) (81.45±3.1), (26.4±2.87) and 
(29.8±3.1) for the T2DM group, compared to (12.69±1.96), (4.72±0.96), 
(85.63±5.2), (27.47±3.6) and (32.52±2.29) for the control group (Table 3; Fig. 
3A-F). In contrast, the RDW showed a significant increase (p<0.05) in the T2DM 
group (14.57±3.1), compared to the control group (12.63±2.58) (Table 3; Fig. 
3G). 

For the T2DM group, the mean platelet count (278.5±23.5), mean PDW 
(18.76±1.72), and MPV (11.94±1.36) were all significantly higher than for healthy 
persons, whose parameters were (245.3±17.5), (16.89±1.33) and (10.058±1.2), 
respectively (Table 3; Fig 3H-J). The mean white blood cell count was 
significantly lower (p<0.05) for the T2DM group (7.89±1.52) than control group 
(6.92.15±1.74). Moreover, the differential white blood cell count in terms of 
percentage of neutrophils, lymphocytes, eosinophils, monocytes and basophils 
were also significantly lower in the T2DM group; the respective values for each 
were (51.11±4.1), (41.9±3.9), (4.15±0.56), (7.89±0.95) and (0.8±0.02), as 
compared to the control group whose values were (45.3±5.2), (37.1±4.58), 
(2.11±0.41), (5.1±0.84) and (0.4±0.01), respectively (p<0.05) (Table 3; Fig. 3K-
Q).  

The mean neutrophil/lymphocyte (N/L) ratio and platelet/lymphocyte (P/L) ratio 
were not significantly different for the T2DM group compared to the control 
group. The respective parameters/values for the T2DM group were: N/L 
(1.21±0.07) and P/L (6.64±0.5); for the control group the values were (1.22±0.15) 
and (6.61±0.3), respectively (p>0.05) (Table 3; Fig. 3S-3R). 
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Table 3. Hematological laboratory results 

Parameter Unit Reference range Diabetic Subjects Control 
Subjects P-value

HB g/l 12-16 11.89±1.25 12.68±1.96 0.029

RBC ×106/ 
µL

F 4.2-5.4×106 
M 4.6-6.19×106

4.32±0.75 4.72±0.96 0.045

Ht %
F 37-47 
M 40-54

33.9±2.2 35.6±2.95 0.075

MCV fL 76-96 78.45±3.1* 85.63±5.2* 0.011

MCH ᴩg 27-34 26.4±2.87* 29.47±3.6* 0.025

MCHC g/dL 32-36 29.8±3.1* 32.52±2.29* 0.036

RDW % 11%-14% 14.57±3.1* 12.63±2.58* 0.047

Plt µL 140-440×103  /mm 278.5±23.5* 245.3±17.5* 0.019

PDW - - 18.76±1.72* 16.89±1.33* 0.029

MPV fL 9-2.7 11.94±1.36* 10.058±1.2* 0.018

WBC µL 4-11×103  /mm 8.9±1.52* 6.92±1.74* 0.025

N % 40-80 51.11±4.1* 45.3±5.2* 0.037

L % 20-40 41.9±3.9* 37.1±4.58* 0.042

E % 1-6 4.15±0.56* 2.11±0.41* 0.044

M % 2-10 7.89±0.95* 5.1±0.84* 0.016

B % <1-2 0.8±0.02* 0.4±0.01* 0.028

N/L ratio - 1.21±0.07 1.22±0.15 0.083

P/L ratio - 6.64±0.5 6.61±0.3 0.071

Data are presented as mean ± standard deviation *p < 0.05; **p < 0.01
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Figure 3. Mean values (mean±standard deviation) of hematological 
parameters for T2DM (type 2 diabetes mellitus) group and control group. 
Shown are data for Hemoglobin (A), Red blood cell count (B), Hematocrit (C), 
Mean corpuscular volume (D), Mean corpuscle hemoglobin (E), Mean 
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corpuscular haemoglobin concentration (F), Red cell distribution width (ure), 
Platelet (H), Platelet distribution width (I), Mean platelet volume (J), White blood 
cell (K), Neutrophil count (L), Lymphocyte count (M), Monocyte count (N), 
Eosinophil count (O), Basophil count (P), Neutrophil/lymphocyte ratio (Q), and 
platelet/lymphocyte ratio (R). 

Discussion 

The results revealed that there is a strong relationship between increase of blood 
glucose sugar level and blood urea and serum creatinine levels; the increase 
may be due to damage in the kidney (Muragundla and Kanwaljitquercetin). The 
decrease in kidney function in diabetic patients may be due to several reasons 
including changes in urinary albumin excretion rate, glomerular filtration rate, 
and glycosylated hemoglobin (HbA1c) levels (Thomas al., 2003). 

Hyperglycemia is one of the major causes of progressive renal damage.  
Diabetes is an epidemic disease and considered to be the most common cause 
of kidney disease. Typically, patients with diabetes should be investigated 
periodically for nephropathy and be assessed/monitored regularly for levels of 
serum creatinine, blood urea and urine albumin (Advance 2008). 

The results of the study showed there was an increase in the mean values of 
SGPT and alkaline phosphatise. Similar studies have shown that type 2 diabetes 
is associated with a clinical spectrum of liver abnormalities and have found 
higher levels of GGT, ALT and ALK in the patients (Balogun 2008). In addition 
the study by Ohlson et al. (1988), it has been demonstrated that abnormal liver 
function (including increased levels of liver enzymes ALT and GGT) is frequently 
associated with type 2 diabetes mellitus. Control of blood sugar level is essential 
to prevent nephropathy; delaying it may cause many medical problems.  

Moreover. the biochemical results in this study showed that there was an 
increase in the mean values of triglyceride, total cholesterol and LDL, whereas 
the mean value of HDL significantly decreased. Our results are consistent with 
those of previous studies which have indicated that diabetes is associated with 
increased lipolysis, triglyceride synthesis and hepatic uptake of free fatty acids, 
and with accumulation of hepatic triglycerides due to insulin resistance (Pagano 
2002).  

Furthermore, the results showed a decrease in the mean values of  hemoglobin, 
red blood cell count, hematocrit, mean corpuscular volume, mean corpuscular 
hemoglobin, and mean corpuscular hemoglobin concentration in the T2DM 
patients versus the control group. Indeed, other studies have shown that several 
morphological changes in RBCs are strongly present in diabetic patients. Such 
changes include anisocytosis, poikilocytosis, and hypochromia; these changes 
may have a direct impact on erythrocyte function and may contribute to the 
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patient’s complex pathology (Neam et al., 2015). Many previous studies 
demonstrated that in uncontrolled T2DM patients, erythrocytes persist 
throughout their life span in the hyperglycemic environment and thus subjected 
to a series of changes which in turn affect their flow properties and functions 
(Sing et al., 2009). Other studies have shown that erythrocytes also suffer from 
alteration of oxygen affinity (Jones et al., 1981). Anaemia is common in patients 
with diabetes due to the high burden of chronic kidney disease (Thomas 2007), 
glycosylation of red blood cells membrane protein (Oyedemi et al., 2011), and 
several other defects found in the diabetic population (Weiss 2005) and (Arun 
2002). 

The study results demonstrated that levels of WBCs and differential leukocyte 
counts (including for neutrophils, lymphocytes, eosinophils, monocytes, and 
basophils) were slightly increased in T2DM patients compared to controls. The 
study by Vozarova et al., 2002 reported that there is relationship between WBC 
and diabetes mellitus as a result of increased inflammatory mediators. 
Inflammatory agents, insulin and human blood components form a critical signal 
for any abnormalities, resulting in invasion by foreign agents and/or 
inflammation (Ohshita et al., 2004). These latter factors can induce defense 
mechanisms and contribute to changes in levels of blood parameters, including 
mean white blood cell count, mean platelet count, and phagocyte percentage  
(Weyer et al., 2000). 

Moreover, the study results showed an increase in the mean values of platelet, 
mean platelet volume, and platelet distribution width in diabetic patients 
compared to the control group. This increase may be a reflection of platelet 
activation. Many previous studies have demonstrated that platelets have large 
and variable sizes as can be observed in several clinical conditions, such as 
hemorrhage and myeloproliferative disorders. The increase may also indicate 
microvascular dysfunction (Beyan et al., 2006).  

Our results are in agreement with other results which have shown that patients 
with diabetes mellitus show altered platelet function (such as high platelet 
counts and high MPV). It has been reported that diabetic patients are likely to 
experience an increased risk for vascular disease (Papanas 2004).  

Conclusion 

Type 2 diabetes mellitus is a serious public health problem. Underlying 
biochemical and hematological changes in T2DM patients may lead to the 
development of long-term complications and poor quality of life or death. 
Therefore, it is critical to follow up and monitor carefully biochemical and 
hematological parameters in diabetic patients. 
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