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ABSTRACT:  

Introduction: Patients with type 2 diabetes mellitus (DM) show a significant derangement in complete 

blood count parameters influencing the clinical severity. However, there was no information on these 

associations from the southern Odisha, India. 

Objectives: This study was undertaken to analyze the possible association of complete blood counts 

parameters and lipid profile in type 2 DM with respect to their complications. 

Methods: This cross-sectional study was undertook in 138 type 2 DM patients by collecting 5 mL of blood 

samples along with clinical data. Laboratory parameters such as CBC, lipid profile and blood sugar were 

investigated. The recruited patients were categorized into two groups i.e. patients with complications and 

patients without complications (uncomplicated). The comparison of generated data was carried out using 

SPSS version 16. 

Results: Out of 138 patients, 50 (36.2%) were uncomplicated and rest were presented with various 

complications. On analysis, sugar profile (FBS, PPBS and HbA1c) and platelet indices (PDW, MPV and 

PLCR) were significantly low in uncomplicated group compared to complicated group. Further, triglyceride 

level was positively associated with HbA1c only in un-complicated group; while in complicated group, PLT 

count was negatively correlated with PPBS and HbA1c; and triglyceride level was positively correlated with 

FBS, PPBS and HbA1c respectively.    

Conclusions: The abnormal hematological and lipid profile in type 2 DM patients may be used as a 

predictors for increased risk of complications and may be included as a routine analysis for the management 

of diabetes and its complications 

 

1. Introduction 

Diabetes mellitus (DM) 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 [1]. Diabetes has 

reached epidemic proportions in many developing 

nation including India [2]. It is estimated that in 2019 

about 77 million people have DM in India and by 2045 

it would have increased to 134 million [3].  The Global 

Burden of Disease data from 1990-2021 estimated that, 

the incidence of DM increased from 162.74 to 264.53 

per 0.1 million population from 1990 to 2021 with an 

annual incidence change of 0.63% [4]. As per 

International Diabetes federation, 2017, prevalence of 

DM is 8.3% and males have higher prevalence (9.1%) 

as compared to females (8.47%) [5].  

Diabetes and its complications are significantly 

related to hyperglycemia, hyperinsulinemia, dyslipid-

emia, thrombophilia, oxidative stress, inflammation, 

endothelial dysfunction, hemostatic and hematological 
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abnormalities and generations of atherogenic lipo-

proteins. Patients with poorly controlled diabetes may 

have a significant alteration in various parameters 

including metabolic, cellular and hematologic 

disturbances that lead to vascular complications.  

In recent years, there has been renewed interest in 

hematological parameters in patients with DM. 

Hematological alterations include structure, function 

and metabolism of red blood cells (RBC), white blood 

cells (WBC) and platelets indices. Several studies have 

shown WBC such as basophil, eosinophil, neutrophils 

increases in number in patients with DM as well as 

linked to many biomarkers of inflammation and its 

complications. Many studies have shown reduced life 

span and number of RBC in patients with DM [6]. 

There are studies which show increased mean platelet 

volume (MPV), platelet distribution width (PDW), 

plateletcrit (PCT), and platelet (PLT) counts are 

associated with diseases related to endothelial 

dysfunction like metabolic syndrome, DM and arterial 

diseases [7-13].  

The liver plays an important role in carbohydrate 

and lipid metabolism. Increased activities of liver 

enzymes are indicators of hepatocellular injury and also 

associated with insulin resistance, metabolic syndrome 

and type 2 DM [14-16]. Patients with DM have induced 

dyslipidemia which is characterized by elevated level of 

total cholesterol, triglycerides, low level of high-density 

lipoprotein (HDL) and increased low-density 

lipoprotein (LDL) [17]. There are only few studies 

regarding association of hematological profile and lipid 

profile in patients with DM in Indian population and no 

studies in southern districts of Odisha state. 

2. Objectives 

With the paucity of literatures, this study was 

undertaken to analyze the possible association of 

complete blood counts (CBC) parameters and lipid 

profile in type 2 DM with respect to their 

complications. 

3. Methods 

This w as a cross-sectional study and carried out in 

patients with type 2 DM attending to the Department of 

General Medicine, M.K.C.G. Medical College, 

Berhampur, Odisha from August 2021 to July 2023. As 

per the American Diabetes Association 2017, patients 

with fasting blood sugar (FBS) of ≥ 126 mg/dL  and/or 

post-prandial blood sugar (PPBS) of ≥ 200 mg/dL 

and/or HbA1c of ≥ 6.5% were considered for diagnosis 

of type 2 DM. By assuming 9.0% of the population with 

DM in the study area with considering 95% of 

confidence level and precision of 5%, the minimum 

number of samples required for the study was 126.  

After giving consent for the study, 5 mililiters of 

venous blood was collected from the subjects for 

various investigations by a trained laboratory 

technician. Two milliliters was collected in EDTA vial 

for CBC and HbA1c analysis and 2 milliliters in plain 

vial for lipid profile analysis and 1 milliliter in fluoride 

vial for FBS analysis. Another 2 milliliters of venous 

blood was collected in fluoride vial for 2 hours PPBS 

analysis. CBC including platelets morphology was done 

within 12 hours of blood collection by using XN1000 

blood analyzer (Sysmex Pvt Ltd). HbA1c, plasma 

glucose level and lipid profiles was analyzed within the 

same day of sample collections by EM360 biochemistry 

analyzer (Transasia Pvt Ltd). This research proposal 

was approved by the institutional ethical committee of 

M.K.C.G. Medical College, Berhampur (No.1057/ 

Chairman-IEC, M.K.C.G. Medical College, Berhampur 

on dated 20th July 2021). 

A designed case format containing the set of 

information along with hematological (CBC along with 

platelet morphology indices), lipid profile (triglyceride, 

cholesterol, HDL-C), HbA1c, glucose level and clinical 

parameters were filled-up for each patient during 

recruitment. All the recruited patients were categorized 

into two groups depending on their clinical severity i.e. 

(1) type 2 DM patients with complications 

(complicated) and (2) type 2 DM patients without 

complications (Uncomplicated). The various compli-

cations like retinopathy, nephropathy, neuropathy, 

coronary artery disease (CAD), cardiovascular disease 

(CVD), foot ulcer etc were considered. The comparison 

of hematological and biochemical parameters was 

carried out in diagnosed type 2 DM patients with and 

without complications by Mann-Whitney test. 

Correlations of various hematological parameters with 

lipid profile were analyzed by using Spearman 

correlation coefficient. All the statistical analysis was 

carried out by using SPSS version 16. A p value of 

<0.05 was considered as statistical significant 
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4. Results 

During the study period of 2 years, a total of 138 cases 

diagnosed with type 2 DM attending to the Department 

of Medicine were included for the study. Out of 138 

cases, 50 (36.2%) were uncomplicated and rest 88 

(63.8%) were presented with various complications 

including retinopathy (44.2%) followed by nephropathy 

(37.7%), CVD (29.0%), neuropathy (20.3%), CAD 

(13.0%), and diabetic foot (12.3%) etc.  (Figure 1).  

 

Figure-1: Clinical presentation of study subjects with 

Type 2 Diabetes Mellitus (n=138) 

On comparison of various laboratory parameters 

between patients with and without complications, FBS, 

2 hours PPBS and HbA1c were significantly low in 

uncomplicated group compared to patients with 

complications. Further among the CBC analysis, 

MCHC and WBC were found to be higher in 

complicated cases. Among the platelet indices, PDW, 

MPV and PLCR were significantly high in patients with 

complications; while PLT and PCT were comparable 

between the groups. The lipid profiles (triglycerides, 

cholesterol, HDL-C and LDL-C) between the groups 

were comparable. Urea and creatinine were 

significantly high in complicated cases (Table-1).  

Various CBC parameters and lipid profiles were 

correlated with the FBS, 2 hours PPBS and HbA1c in 

both complicated and uncomplicated cases separately. 

None of the variables were correlated in un-complicated 

cases with type 2 DM except triglyceride which was 

positively (r, 0.323; P, 0.022) associated with HbA1c 

(Table-2). In cases with complications, PLT level was 

found to be negatively correlated with 2 hours PPBS 

and HbA1c. Similar observation has also been found in 

WBC level. Triglyceride level was positively correlated 

with FBS, 2 hours PPBS and HbA1c respectively 

(Table-3). 

Table-1: Comparison of socio-demographic, 

biochemical and CBC parameters in Type 2 DM with 

and without complications. Bold letter represent a P 

value of <0.05)  

 

5. Discussion 

In this cross-sectional study of 138 cases with type 2 

DM, more than 2/5th cases were presented with 

retinopathy. Though the clinical spectrum of DM varies 

with respect to geographical area, retinopathy has been 

found to be the major clinical presentation in these 

patients globally, accounting around 20% among all the 

complications [3, 18, 19]. The high occurrence in this 

study may be due to the sampling methods as only 

hospital attendee has been considered in this study.   
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Table 2: Correlation of variables in un-complicated cases with type 2 diabetes mellitus (n=50). Bold letter represent a     

P value of < 0.05. 

 

Table 3: Correlation of variables in complicated cases with type 2 diabetes mellitus (n=88). Bold letter represent a            

P value of < 0.05. 

Parameter 
FBS 2 hours PPBS HbA1c 

r P value r P value r P value 

Hb (g/dL) 0.165 0.125 0.110 0.310 0.095 0.380 

HCT (%) 0.112 0.301 0.035 0.746 0.086 0.428 

MCV (fL) 0.164 0.128 0.169 0.116 0.197 0.065 

MCHC (g/dL) 0.047 0.665 0.111 0.304 -0.095 0.378 

WBC (103/uL) -0.202 0.059 -0.252 0.018 -0.201 0.061 

PLT (103/uL) -0.193 0.072 -0.247 0.020 -0.271 0.011 

PDW (%) -0.003 0.980 -0.073 0.499 -0.065 0.545 

MPV (fL) 0.143 0.185 0.155 0.148 0.141 0.189 

PLCR (%) 0.099 0.359 0.115 0.288 0.082 0.449 

PCT (%) -0.120 0.264 -0.116 0.283 -0.161 0.133 

Triglyceride (mg/dL) 0.304 0.004 0.213 0.046 0.274 0.010 

Cholesterol (mg/dL) 0.002 0.966 -0.005 0.966 0.049 0.650 

HDL-C (mg/dL) -0.164 0.127 -0.128 0.234 -0.122 0.256 

LDL (mg/dL) 0.009 0.931 -0.018 0.928 0.043 0.688 

Urea (mg/dL) -0.038 0.772 -0.031 0.772 0.017 0.877 

Creatinine (mg/dL) -0.048 0.657 -0.048 0.657 -0.032 0.769 

Parameter 
FBS 2 hours PPBS HbA1c 

r P value r P value r P value 

Hb (g/dL) -0.038 0.792 0.008 0.957 -0.030 0.835 

HCT (%) 0.062 0.666 0.071 0.623 0.025 0.863 

MCV (fL) 0.081 0.567 0.203 0.157 0.040 0.780 

MCHC (g/dL) -0.259 0.069 -0.11 0.447 -0.098 0.497 

WBC (103/uL) -0.271 0.057 -0.030 0.838 -0.094 0.517 

PLT (103/uL) 0.024 0.871 0.006 0.967 -0.161 0.265 

PDW (%) 0.073 0.615 -0.064 0.660 -0.068 0.638 

MPV (fL) 0.048 0.740 0.024 0.870 -0.130 0.369 

PLCR (%) -0.094 0.62 -0.114 0.431 -0.024 0.871 

PCT (%) -0.094 0.515 0.062 0.668 -0.124 0.389 

Triglyceride (mg/dL) 0.234 0.101 0.149 0.302 0.323 0.022 

Cholesterol (mg/dL) -0.051 0.724 -0.013 0.928 0.103 0.475 

HDL-C (mg/dL) -0.152 0.293 -0.082 0.573 -0.122 0.398 

LDL (mg/dL) -0.122 0.398 -0.095 0.511 0.027 0.855 

Urea (mg/dL) 0.051 0.727 0.223 0.119 0.110 0.447 

Creatinine (mg/dL) -0.203 0.156 0.078 0.591 0.160 0.268 
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In this present study an attempt was made to 

compare various laboratory parameters among the type 

2 DM patients with respect to their clinical 

complications. On comparison, FBS and 2 hours PPBS 

and HbA1c were found to be significantly high in type 

2 DM patients with complications compared to un-

complicated cases. Among the hematological 

parameters, MCHC, WBC, PDW, MPV and P-LCR 

were significantly high in complicated patients. 

Glucotoxicity and lipotoxicity in type 2 DM results in 

enhanced inflammatory process and perpetuates a 

vicious cycle. Elevated WBC is a classical 

inflammatory marker and reveals association of 

inflammation with impaired glucose metabolism, 

insulin resistance and DM. Type 2 DM patients have 

more propensities for coagulopathy and thrombo-

embolic complications. In these patients, there is 

increased platelets activation, adhesion and aggregation 

because of several metabolic disturbances and 

abnormalities in several signaling pathways [7]. The 

same characteristics features of various platelets indices 

have also been reflected in these studies. Other studies 

also showed increase in the MPV and PDW level in 

diabetic vascular complications [11-13]. Increased 

phosphorylation and glycosylation of cellular proteins, 

decreased bioavailability of nitric oxide (vasodilator), 

impaired Ca++ metabolism, systemic inflammation and 

oxidative stress in DM patients leads to platelets 

activation and thrombosis [20]. In our study platelet 

count and PCT were comparable in both complicated 

and un-complicated cases which are supported by many 

earlier studies. 

A variety of interrelated lipid and lipoprotein 

abnormalities are common in type 2 DM [21]. 

Dyslipidemia in type 2 DM are usually prone to develop 

chronic heart disease as well as other complications of 

atherosclerosis [22]. In type 2 DM, blood glucose level 

were found to be positively correlated with triglycerides 

and LDL-C level; while some of the studies did not 

report any association [23,24]. In this present study, 

triglycerides level was found to be positively correlated 

with HbA1c level in un-complicated cases; while it was 

found to be significantly associated with fasting 

glucose, 2 hours PPBS and HbA1c level in complicated 

type 2 DM cases. These differences among the studies 

may be due to different in study population with 

different diets and habits, genetic and environmental 

factors and, analysis of various variables and 

confounding factors in the association [25].      

In this study, there are few limitations as this study 

has been undertaken in a hospital based set-up where 

already diagnosed cases were included in the analysis 

especially for the complicated cases. Second, the 

complicated cases had already on treatment that may 

influence the laboratory parameters individually. Third, 

patients were not followed-up which may provide 

further clinical information.   

In conclusion, the abnormal hematological (CBC 

analysis) and lipid profile in patients with type 2 DM 

may be used as a predictors for increased risk of 

complications or can be treated as a marker for the 

progression of disease from un-complicated to 

complicated type 2 DM.   Along with the routine blood 

sugar parameters and lipid profile, a CBC analysis 

which is cost effective will be beneficial for the 

management of diabetes and its complications in type 2 

DM patients.   

Acknowledgements:  

The authors acknowledge Nodal Officer, Multi-

Disciplinary Research Unit (MRU) for necessary 

support to conduct this study. The authors also 

acknowledge Mrs M. Radha Rani Dora (laboratory 

technicians) and Mr. Satyanarayana Mohanty (Data 

Entry Operator) of MRU, M.K.C.G. Medical College, 

Berhampur, Odisha for processing of blood samples and 

data processing respectively. 

Authors contributions:  

NM and PP: study design and supervision; SR, MN and 

PP: samples collection, laboratory analysis and data 

collection; PP: statistical analysis; NM, SR, and PP: 

manuscript draft preparation; NM, PP, AM and JN: 

final manuscript review. All the authors have read and 

accepted the final manuscript.  

Funding:  

This study (Research proposal ID: MKCGMC/MRU/ 

028/2019) was funded by Department of Health 

Research, Ministry of Health and Family Welfare, 

Government of India  for the establishment of Multi-

Disciplinary Research Unit (MRU) at Maharaja Krishna 

Chandra Gajapati (M.K.C.G.) Medical College, 

Berhampur, Odisha, India 

http://www.jchr.org/


Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2025) 15(6), 3347-3353 | ISSN:2251-6727 

  

 

3352 

Conflict of interest: None 

References 

1. Guyton AC, Hall JE. Medical Physiology: 10th ed., 

Saunders WB, London. 2002;797–801. 

2. International Diabetes Federation. IDF Diabetes 

Atlas. 9th ed. Brussels, Belgium: International 

Diabetes Federation; 2019. 

3. Pradeepa R, Mohan V. Epidemiology of type 2 

diabetes in India. Indian J Ophthalmol. 

2021;69(11):2932-2938.  

4. Chauhan S, Khatib MN, Ballal S, Bansal P, Bhopte 

K, Gaidhane AM, et al. The rising burden of 

diabetes and state-wise variations in India: insights 

from the Global Burden of Disease Study 1990-

2021 and projections to 2031. Front Endocrinol 

(Lausanne). 2025;16:1505143.  

5. International Diabetes Federation. IDF Diabetes 

Atlas, 8th edn. Brussels, Belgium: International 

Diabetes Federation, 2017. 

6. Thomas MC. Anemia in diabetes: Marker of 

mediator microvascular disease. Nature Clinical 

Practice. Nephrology 2003;3(1): 20–30. 

7. Ferreiro JL, Gómez-Hospital JA, Angiolillo DJ. 

Platelet abnormalities in diabetes mellitus. Diab 

Vasc Dis Res. 2010;7(4):251-9.  

8. Abali G, Akpinar O and Soylemez N. Correlation 

of the coronary severity scores and mean platelet 

volume in diabetes mellitus. Adv Ther 2014; 31: 

140-148. 

9. Aypak C, Turedi O, Bircan MA and Yuce A. Could 

mean platelet volume among complete blood count 

parameters be a surrogate marker of metabolic 

syndrome in pre-pubertal children? Platelets 2014; 

25: 393-398. 

10. Zaccardi F, Rocca B, Pitocco D, Tanese L, Rizzi A 

and Ghirlanda G. Platelet mean volume, 

distribution width, and count in type 2 diabetes, 

impaired fasting glucose, and metabolic syndrome: 

a meta-analysis. Diabetes Metab Res Rev 2015; 31: 

402-10.  

11. Buch A, Kaur S, Nair R, Jain A. Platelet volume 

indices as predictive biomarkers for diabetic 

complications in Type 2 diabetic patients. J Lab 

Physicians. 2017; 9(2):84-88.  

12. Tetikoğlu M, Aktas S, Sagdık HM, Tasdemir 

Yigitoglu S, Özcura F. Mean Platelet Volume is 

Associated with Diabetic Macular Edema in 

Patients with Type-2 Diabetes Mellitus. Semin 

Ophthalmol. 2017;32(5):651-654.  

13. Inoue H, Saito M, Kouchi K, Asahara SI, 

Nakamura F, Kido Y. Association between mean 

platelet volume in the pathogenesis of type 2 

diabetes mellitus and diabetic macrovascular 

complications in Japanese patients. J Diabetes 

Investig. 2020;11(4):938-945.  

14. Marchesiri G, Brizi M, Bianchi G. Nonalcoholic 

fatty liver disaes. A feature of metabolic syndrome. 

Diabetes, 2001; 50(8): 1844–1850.  

15. Sattar NO, Scherbakova I, Ford OR, Eilly DS, 

Stanley EA, Forrest PW, et al. Elevated alanine 

aminotransferase predicts new-onset type 2 

diabetes independently of classical risk factors 

metabolic syndrome, and creative protein in the 

west of Scotland coronary prevention study. 

Diabetes. 2004; 53(11):2855–2860. 

16. Wannamethee SG, Shaper AG, Lennon L, 

Whincup PH. Hepatic enzymes the metabolic 

syndrome and the risk of type 2 diabetes in old 

men. Diabetes Care. 2005; 28(12): 2913–291 

17. Nakanishi NTS, Wada M. Association between 

fasting glucose and C reactive protein in a Japanese 

population: The Minoh study. Diabete Res. Clinics 

and Practice. 2005; 69: 88-98 

18. Rema M, Premkumar S, Anitha B, Deepa R, 

Pradeepa R, Mohan V. Prevalence of diabetic 

retinopathy in Urban India: The Chennai Urban 

Rural Epidemiology Study (CURES) Eye Study - 

1. Invest Ophthal Vis Sci. 2005;46:2328–33.  

19. Govindaswamy S, Dhivya PS, Sangeetha SKS. 

Prevalence and Complications of Diabetes Mellitus 

in India- A Systematic Review. Indian J of 

Pharmaceutical Education and Research. 2023; 

57(2s): s213-s225.  

20. Huang Y, Yue L, Qiu J, Gao M, Liu S, Wang J. 

Endothelial Dysfunction and Platelet 

Hyperactivation in Diabetic Complications Induced 

by Glycemic Variability. Horm Metab Res. 

2022;54(7):419-428.  

21. Bahiru E, Hsiao R, Phillipson D, Watson KE. 

Mechanisms and treatment of dyslipidemia in 

diabetes. Curr Cardiol Rep. 2021; 23:26.  

22. Biadgo B, Abebe SM, Baynes HW, Yesuf M, 

Alemu A, Abebe M. Correlation between Serum 

Lipid Profile with Anthropometric and Clinical 

http://www.jchr.org/


Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2025) 15(6), 3347-3353 | ISSN:2251-6727 

  

 

3353 

Variables in Patients with Type 2 Diabetes 

Mellitus. Ethiop J Health Sci. 2017;27(3):215-226. 

23. Laverdy OG, Hueb WA, Sprandel MCO, Kalil-

Filho R, Maranhão RC. Effects of glycemic control 

upon serum lipids and lipid transfers to HDL in 

patients with type 2 diabetes mellitus: Novel 

findings in unesterified cholesterol status. Exp Clin 

Endocrinol Diabetes. 2015;123: 232–9.  

24. Omar SM, Musa IR, Osman OE, Adam I. 

Assessment of glycemic control in type 2 diabetes 

in the Eastern Sudan. BMC Res Notes 2018; 

11:373.  

25. Ulven SM, Leder L, Elind E, Ottestad I, 

Christensen J, Telle-Hansen VH, et al. Exchanging 

a few commercial, regularly consumed food items 

with improved fat quality reduces total cholesterol 

and LDL-cholesterol: A double-blind, randomized 

controlled trial. Br J Nutr. 2016; 116:1383–93. 

http://www.jchr.org/

