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The occurrence of diabetes mellitus is increasing world-
wide, and the number of patients diagnosed with 

diabetes mellitus (DM) is expected to reach 642 million 
in 2040.[1] The disease itself and its complications cause 
enormous functional and financial burden annually to 
the health care systems. The increasing diabetic patients 
have been largely attributed to the environmental fac-
tors that promote the adoption of unhealthy behaviors 
and development of obesity and overweight around the 
world.[2] On the other hand, subclinical chronic inflam-

mation is an underlying feature in the pathogenesis of 
diabetes mellitus and levels of inflammatory biomarkers 
correlate with prevalent and incident diabetes, as well as 
major complications and cardiovascular diseases.[2]

Recently, the indices that derived from the routine he-
mogram test are proposed as novel inflammatory mark-
ers and predictors of outcome in chronic conditions. 
Two of these markers are and red blood cell distribution 
width (RDW) and mean platelet volume (MPV).[3] RDW 
measure reflects the extent of anisocytosis, a condition 
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that is characterized by pronounced heterogeneity in 
the volume of circulating erythrocytes. Increased MPV, 
which indicates larger platelet volume, is considered as 
an indicator of platelet functions and activation. Asso-
ciations between these indices and inflammatory dis-
eases have been well established.[3–6] In this retrospective 
study, we aimed to investigate the relationship between 
HbA1c and complete blood count (CBC) indices in pa-
tients with diabetes.

Methods
This retrospective study was conducted by examining the 
demographic information and laboratory records of dia-
betic patients who applied to the Internal Medicine outpa-
tient clinic between January 2018 to December 2018. A 
total of 8,077 patients over the age of 18 with no missing 
medical records were included in the study. Patients with 
acute or chronic renal failure, anemia, thrombocytopenia, 
leukopenia, polycythemia, thrombocytosis and leukocy-
tosis were excluded from the study. The patients were di-
vided into three groups as Tertile -1 (Hba1c ≤ 7%), Tertile -2 
(7%< Hba1c ≤7.9%), and Tertile -3 (Hba1c >7.9% according 
to the 33rd and 66th percentile values of HbA1c. This study 
was approved by the Kahramanmaras Sutcu Imam Univer-
sity Clinical Trial Ethics Committee (decision no: 02, dated: 
29.12.2021).

Statistical Analysis
The data obtained in the study were statistically ana-
lysed using the Statistical Package for Social Sciences 
(SPSS) version 22.0 software. Conformity of the data 
to normal distribution was examined visually (histo-
gram and probability graphs) and with the analytical 
method of the Kolmogorov-Smirnov test. In descrip-
tive analyses, variables with normal distribution were 
stated as mean±standard deviation (SD), and variables 
not showing normal distribution were stated as median, 
minimum and maximum values. Continuous variables 
were reported as median (min.–max.), and categorical 
variables as number (n) and percentage (%). The One-
Way ANOVA test was applied to evaluate the differenc-
es in parametric data between groups. Parameters not 
showing normal distribution were compared within the 
groups using the Kruskal-Wallis test. In the comparison 
of categorical variables between groups, the Chi-square 
test was applied. The statistical significance was calcu-
lated with the Spearman test of numerical variables with 
normal distribution and the correlation coefficients of 
numerical variables which did not meet at least one of 
the normal distribution criteria were calculated with the 
Pearson test.

Results
A total of 8077 patients, 5127 (63.5%) women and 2950 
(36.5%) men, were included in the study, and the mean 
age of all patients was 58.06±11.32 years. The median 
age of Tertile-3 was significantly higher than that of 
Tertile-1 and 2. The median ages of Tertile-1 and 2 were 
similar. There was no significant difference between the 
groups in terms of gender. WBC, PT and PDW levels of 
all three groups were similar. When the groups were 
examined according to their RDW levels, the Tertile-3 
group had higher RDW levels than Terile 1-2 (p values; 
p= 0.000, p=0.024, respectively) and the Tertile-2 group 
had higher RDW level than the Tertile-1 group (p=0.008) 
(Fig. 1). When the groups were examined according to 
their MPV levels; The MPV level of the Tertile-1 group was 
higher than Tertile 2-3 (p values; p=0.019, p=0.000, re-
spectively), while the mean of Tertile-2 and 3 were simi-
lar (p=0.281). There was a difference between the groups 
in hemoglobin levels. This difference was due to the fact 
that the hemoglobin levels of the Tertile-3 group was 
higher than Tertile-1-2 (p values, respectively; p=0.000, 
p=0.036) (Fig. 2). The Hb levels of Tertile-1 and 2 were 
similar (p=0.055). The baseline demographic, clinical and 
laboratory characteristics of the three groups are shown 
in Table 1. In the correlation analysis, a positive linear 
relationship was found between HbA1c levels and RDW 
and MPV (p<0.001), (Fig. 2, Table 2).

Figure 1. Comparison of mean platelet volume (MPV) and red blood 
cell distribution width (RDW) between the study groups.

Figure 2. Correlation between mean platelet volume (MPV) and red 
blood cell distribution width (RDW) with glycated hemoglobin (HbA1c).
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Discussion
In this study, we evaluated the relationship between gly-
cemic control and MPV, RDW parameters in DM patients. 
MPV and RDW levels increased as glycemic control dete-
riorated in DM patients. We found a linear relationship be-
tween these parameters and HbA1c levels. To the best of 
our knowledge, we think that our study will contribute to 
the relevant literature in terms of having a larger sample 
size compared to similar studies.

Recent studies have shown that DM is associated with 
low-grade systemic inflammation. Levels of inflammatory 
markers such as CRP, fibrinogen and pro-inflammatory cy-
tokines are increased in the systemic circulation of patients 
with DM.[7,8] It has been determined that the cytokine re-
sponse has increased in parallel with the deterioration of 
glycemic control.[5,9] Studies have reported that RDW and 
MPV levels are associated with chronic inflammation.[4,10,11] 
RDW is the measure of the size variability of red blood cells 
is associated with the risk of adverse outcomes in patients 
with heart failure and coronary heart disease.[6,12] MPV is 
one of the most widely used markers of platelet function 
and has been shown to reflect the inflammatory burden in 
different chronic diseases.[13,14] In our study, we think that 
increased RDW and MPV levels not only reflect poor glyce-

mic control, but also increased cardiovascular risks due to 
the chronic inflammatory processes.

In studies on hemogram parameters in DM patients in 
the literature, Hekimsoy et al.[15] found that MPV was sig-
nificantly higher in the diabetic group in 145 patients but 
the authors did not detect a correlation between MPV and 
HbA1c levels in the DM patients. Nada et al.[16] found that 
MPV and RDW levels were significantly increased in 260 DM 
patients compared to the control group, but they did not 
detect a correlation between these two parameters and 
HbA1c levels. On the contrary, there are studies showing 
a positive correlation between MPV, RDW levels and meta-
bolic control in patients with diabetes.[17–20] In the study of 
Cakir et al.[21] which included 46 DM patients, they showed 
that the MPV level of the patients increased compared to 
the control group. In the same study, RDW levels increased 
compared to the control group, but this increase was not 
statistically significant. The authors attributed this result to 
the small size of their sample. In our study, we showed that 
there is a positive correlation between HbA1c level, which 
is an indicator of glycemic control, and RDW in DM patients.

There are studies are showed that both RDW and MPV lev-
els are not only associated with blood glucose regulation 
but also with diabetes-related microvascular complications. 

Table 1. Demographic and biochemical characteristics of the HbA1c status

Variables total A1c Tertile 1 (n=2769) A1c Tertile 2 (n=2664) A1c Tertile 3 (n=2644) p

Sex (male) 971 (12.0) 996 (12.3) 983 (12.2) 0.144
Age (years) 58 (18–98) 59 (19–92) 57 (18–91) <0.001
Glucose (mg/dl) 117 (60–319) 163 (63–465) 250 (64–621) <0.001
WBC (103/μl) 7.54 (4.7–12.6) 7.81 (4.5–12.6) 7.61 (4.5–12.6) 0.073
HGB (g/dl) 13.8 (12.1–16.7) 13.9 (12–16.7) 14.1 (12–16.9) <0.001
PT (x103 µL) 253 (150–346) 254 (150–350) 253.5 (150–350) 0.155
MPV (fl) 10.6 (8.2–16.9) 10.6 (8.1–16.9) 10.8 (8.6–16.1) <0.001
PDW (%) 12.6 (8.3–22.5) 12.5 (8.1–23) 12.6 (8.1–22.6) 0.532
RDW (%) 13.5 (11.9–24.3) 13.6 (11.4–26.9) 13.7 (11.9–24.6) <0.001

Continuous data are shown as median (maximum–minimun) and categorical data are shown as frequency (%). P-values ≤0.05 are shown in bold. WBC: White 
blood cell; Hgb: Hemoglobin; PT: Platelet count; MPV: Mean platelet volume; PDW: Platelet distribution width; RDW: Red blood cell distribution width.

Table 2. Correlation between mean platelet volume (MPV) and red blood cell distribution width (RDW) with glycated hemoglobin (HbA1c) 
and glucose

   Pearson r p Lower 95% CI Upper 95% CI

HbA1c - MPV 0.058*** <0.001 0.040 1.000
HbA1c - RDW 0.070*** <0.001 0.052 1.000
Glucose - MPV 0.079*** <0.001 0.061 1.000
Glucose - RDW 0.073*** <0.001 0.055 1.000

All tests one-tailed, for positive correlation. *: p<0.05; **: p<0.01; ***: p<0.001, one-tailed; MPV: Mean platelet volume; RDW: Red blood cell distribution width; 
CI: Confidence interval
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While Ma et al. showed that the incidence of diabetic reti-
nopathy increases with increased RDW level in their study,[22] 
it was stated in the study of Rasoulinejad that MPV value is 
associated with the presence and severity of diabetic reti-
nopathy, and that MPV can be used in the clinical follow-up 
of diabetic retinopathy.[23] In the study of Zhang et al.[24] in 
diabetic patients, it was shown that RDW level is both asso-
ciated with proteinuria level and is a predictor of patients' 
progression to end-stage renal disease. Studies have shown 
that MPV value is also positively correlated with proteinuria 
and negatively correlated with glomerular filtration rate.
[25] Increased MPV is a marker showing increased platelet 
adhesion and aggregation, as well as increased thrombo-
cyte size. Large platelets are cells with denser granules that 
produce higher amounts of β-thromboglobulin, serotonin, 
and thromboxane A2 and are potentially associated with a 
higher risk of vascular complications.[26,27] There is no clear 
data explaining why the MPV value is increasing in DM 
patients physiopathologically. The osmotic expansion of 
platelets is thought to occur due to high blood glucose and 
its metabolites.[28] It is a known fact that microvascular com-
plications increase in patients with high HbA1c levels and 
uncontrolled blood glucose regulation. In this instance, the 
positive correlation between HbA1c and MPV in our study 
and the association of MPV level with microvascular com-
plications in previous studies seem to support each other.

However, our study has some limitations. First of all, be-
cause of the retrospective design of the study, we could 
not access the duration of illness and blood pressure data 
of our participants which could cause the changes on the 
hemogram parameters; this caused us to ignore the effects 
of hypertension on hemogram parameters. In addition, we 
did not have information about the drugs used by the pa-
tients and their body mass index. Also that it is a single-
center study with data from one hospital, so the results 
might not be able to be extrapolated to other clinical set-
tings or other ethnic groups.

In summary, our study established that high MPV and 
RDW levels are associated with high HbA1c levels. Future 
research is still needed to unveil the biological and physio-
logical mechanisms behind the association and determine 
whether a causal relationship exists.

Disclosures

Ethics Committee Approval: This study was approved by the 
Kahramanmaras Sutcu Imam University Clinical Trial Ethics Com-
mittee (date: 29.12.2021, number: 02).

Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

Authorship Contributions: Concept – H.A.F., V.Ş.; Design – M.E., 
C.O.K.; Materials – H.A.F, C.O.K.; Data collection and/or processing 
– V.Ş., H.A.F., C.O.K.; Analysis and/or interpretation – H.A.F.; Litera-
ture search – M.E., C.O.K.; Writing – H.A.F., C.O.K.; Critical review 
– V.Ş., M.E.

References
1. International Diabetes Federation. IDF DiabetesAtlas. 7th ed. 

(Last update December 13, 2017.) Available at: https://diabe-
tesatlas.org/upload/resources/previous/files/7/IDF%20Dia-
betes%20Atlas%207th.pdf. Accessed Mar 17, 2022.

2. Lontchi-Yimagou E, Sobngwi E, Matsha TE, Kengne AP. Diabe-
tes mellitus and inflammation. Curr Diab Rep 2013;13:435–44. 

3. May JE, Marques MB, Reddy VVB, Gangaraju R. Three neglect-
ed numbers in the CBC: The RDW, MPV, and NRBC count. Cleve 
Clin J Med 2019;86:167–72.

4. Aktas G, Alcelik A, Tekce BK, Tekelioglu V, Sit M, Savli H. Red cell 
distribution width and mean platelet volume in patients with 
irritable bowel syndrome. Prz Gastroenterol 2014;9:160–3.

5. Mantzoros CS, Li T, Manson JE, Meigs JB, Hu FB. Circulating 
adiponectin levels are associated with better glycemic con-
trol, more favorable lipid profile, and reduced inflammation 
in women with type 2 diabetes. J Clin Endocrinol Metab 
2005;90:4542–8.

6. Tonelli M, Sacks F, Arnold M, Moye L, Davis B, Pfeffer M; for 
the Cholesterol and Recurrent Events (CARE) Trial Investiga-
tors. Relation between red blood cell distribution width and 
cardiovascular event rate in people with coronary disease. Cir-
culation 2008;117:163–8.

7. Pickup JC, Crook MA. Is type II diabetes mellitus a disease of 
the innate immune system? Diabetologia 1998;41:1241–8. 

8. Pickup JC, Mattock MB, Chusney GD, Burt D. NIDDM as a 
disease of the innate immune system: association of acute-
phase reactants and interleukin-6 with metabolic syndrome 
X. Diabetologia 1997;40:1286–92. 

9. Rizzo MR, Barbieri M, Marfella R, Paolisso G. Reduction of oxida-
tive stress and inflammation by blunting daily acute glucose 
fluctuations in patients with type 2 diabetes: role of dipepti-
dyl peptidase-IV inhibition. Diabetes Care 2012;35:2076–82.

10. Ani C, Ovbiagele B. Elevated red blood cell distribution width 
predicts mortality in persons with known stroke. J Neurol Sci 
2009;277:103–8.

11. Sharpe PC, Trinick T. Mean platelet volume in diabetes mel-
litus. Q J Med 1993;86:739–42.

12. Oh HJ, Park JT, Kim JK, Yoo DE, Kim SJ, Han SH, et al. Red 
blood cell distribution width is an independent predictor of 
mortality in acute kidney injury patients treated with con-
tinuous renal replacement therapy. Nephrol Dial Transplant 
2012;27:589–94.

13. Murat SN, Duran M, Kalay N, Gunebakmaz O, Akpek M, Doger 
C, et al. Relation between mean platelet volume and severity 



244 Findikli et al., HbA1c and Hematological Parameters / doi: 10.14744/ejmi.2022.13742

of atherosclerosis in patients with acute coronary syndromes. 
Angiology 2013;64:131–6.

14. Gasparyan A, Ayvazyan L, Mikhailidis D. Mean platelet volume: 
A link between thrombosis and inflammation? Cun Pham Des 
2011;17:47–58.

15. Hekimsoy Z, Payzin B, Ornek T, Kandoğan G. Mean platelet 
volume in Type 2 diabetic patients. J Diabetes Complications 
2004;18:173–6.

16. Nada AM. Red cell distribution width in type 2 diabetic pa-
tients. Diabetes Metab Syndr Obes 2015;8:525–33. 

17. Inui Y, Suehiro T, Kumon Y, Hashimoto K. Platelet volume and 
urinary prostanoid metabolites in non-insulin-dependent 
diabetes mellitus. J Atheroscler Thromb 1994;1:108–12

18. Coban E, Bostan F, Ozdogan M. The mean platelet volume in 
subjects with impaired fasting glucose. Platelets 2006;17:67–
9.

19. Engström G, Smith JG, Persson M, Nilsson PM, Melander O, 
Hedblad B. Red cell distribution width, haemoglobin A1c and 
incidence of diabetes mellitus. J Intern Med 2014;276:174–83.

20. Yin Y, Ye S, Wang H, Li B, Wang A, Yan W, et al. Red blood cell 
distribution width and the risk of being in poor glycemic con-
trol among patients with established type 2 diabetes. Ther 
Clin Risk Manag 2018;14:265–73.

21. Cakir L, Aktas G, Enginyurt O, Cakir SA. Mean platelet volume 
increases in type 2 diabetes mellitus independent of HbA1c 

level. Acta Medica Mediterranea 2014;30:425–8.
22. Gu L, Xue S. The association between red blood cell distribu-

tion width and the severity of diabetic chronic kidney disease. 
Int J Gen Med 2021;14:8355–63.

23. Rasoulinejad SA. Is there an association between mean plate-
let volume and diabetic retinopathy? A case-control study. 
Caspian J Intern Med 2021;12:129–34.

24. Zhang J, Zhang R, Wang Y, Li H, Han Q, Wu Y, et al. The associa-
tion between the red cell distribution width and diabetic ne-
phropathy in patients with type-2 diabetes mellitus. Ren Fail 
2018;40:590–6.

25. Turgutalp K, Özhan O, Akbay E, Tombak A, Tiftik N, Ozcan T, 
et al. Mean platelet volume and related factors in patients at 
different stages of diabetic nephropathy: a preliminary study. 
Clin Appl Thromb Hemost 2014;20:190–5.

26. Kodiatte TA, Manikyam UK, Rao SB, Jagadish TM, Reddy M, 
Lingaiah HK, et al. Mean platelet volume in Type 2 diabetes 
mellitus. J Lab Physicians 2012;4:5–9.

27. Ghoshal K, Bhattacharyya M. Overview of platelet physiology: 
its hemostatic and nonhemostatic role in disease pathogen-
esis. ScientificWorldJournal 2014;2014:781857.

28. Sertbas Y, Sertbas M, Okuroglu N, Ozturk MA, Abacar KY, Oz-
demir A. Mean platelet volume changes before and after gly-
cated hemoglobin (HbA(1c)) improvement in a large study 
population. Arch Med Sci 2017;13:711–5.


