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Abstract

Context. Red cell distribution width (RDW)
has been associated with type 2 diabetes (T2DM),
however data in relation to diabetic ketoacidosis (DKA)
and hyperglycemic hyperosmolar non-ketotic acidosis
(HONK) remains unclear.

Objective. The aim of this study was to evaluate
the association between RDW, MCV, and RDW/MVC
values and acute complications in T2DM.

Patients and Methods. RDW was measured
in 90 T2DM patients (30 DKA, 30 HONK and 30
T2DM without acute complications). Clinical variables
were analyzed by One —Way ANOVA, Kruskal-Wallis
and Pearson analysis with SPSS software. Diagnostic
screening tests and ROC curve analysis determined the
cut-off point of MCV,RDW and RDW/MCYV values.

Results. DKA patients had higher levels of
plasma glucose (524.20+201.43mg/dL, p<0.001), HbAlc
(10.73£2.29%, p<0.001), osmotic pressure (310.32
mosm/L, p<0.001), RDW (14.61+1.75g/L, p<0.01), and
the RDW/MCV ratio (0.17+0.04%, p<0.01), compared
to HONK patients. RDW/MCV cut-off value was 0.15
with 90% sensitivity 50% specifity these values for only
MCV were 76.67%-70%, for only RDW were 76.67%-
63.33% respectively. The area under curve values for
the ability to reflect DKA for RDW and the RDW/MCV
ratio were 0.708 and 0.766, respectively (p<0.001).

Conclusions. RDW and RDW/MCYV ratio were
found associated with DKA and valuable in predicting
DKA. However these parameters were not valuable in
predicting HONK.
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INTRODUCTION

Red blood cell distribution width (RDW) is
a valuable measure of variations of red blood cell
volume, which is estimated in the evaluation and
differentiation of anemia (1). An increase in RDW
is related to an impairment of erythropoiesis, which

reflects chronic inflammation and oxidative stress,
both of which are cornerstones in the pathogenesis of
type 2 diabetes mellitus (T2DM) (2). Recent studies
showed that RDW was a strong independent predictor
of prognosis in heart failure and coronary artery disease
(3-4). However, there are few data on the relationship
between RDW and diabetes. A population-based study
by Veeranna V. et al. in 2012 demonstrated that RDW
significantly predicted glycated hemoglobin (HbAlc)
in healthy patients with no diabetes (5). Another study
in 2014 by Engstrom G. et al. showed RDW was
significantly and positively associated with HbAlc,
an increase in HbAlc of 0.10% corresponded to a 1
SD increase in RDW. However, by contrast, the same
study suggested that low RDW was also associated
with a significantly higher waist circumference, and
glucose, insulin, and triglyceride concentrations in
patients with T2DM (6). Subsequent studies, albeit
few in number, have tried to investigate the chronic
macrovascular and microvascular complications of
diabetes mellitus and RDW. These studies suggested
that RDW may be an important clinical marker of
vascular complications in T2DM (7-8). A recent
study demonstrated that RDW and the RDW/mean
corpuscular volume (MCV) ratio were significantly
correlated with diabetic ketoacidosis (DKA) in a
patient with type 1 diabetes (9). To the best of our
knowledge, there are no studies on the association
between red blood cell indices with both DKA and
hyperosmolar non-ketotic acidosis (HONK) in
patients with T2DM.

Our aim was to compare RDW and RDW/
MCV in three groups of patients with diabetes. The
primary outcome of this study was to determine
whether RDW was a predictive marker in patients
with DKA. The secondary outcome was to establish
whether red blood cell indices were as valuable in
HONK as they are in DKA.
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MATERIALS AND METHODS
Study population
The present study was performed at

Gaziosmanpasa Taksim Education and Research
Hospital’s inpatient department of internal medicine
between 2010 and 2014. A total of 90 patients with
T2DM with and without complications (DKA and
HONK) were divided into three groups; those with
DKA (DKA group, n=30), those with HONK (HONK
group, n=30), and those with no acute complications
(controls, n=30). The patients with DKA had plasma
glucose >250 mg/dL, ketonuria, and an arterial pH
value <7.30. HONK was defined as plasma glucose
>600 mg/dL, osmolality >320 mosm/L, none or low
levels of ketonuria, and pH >7.30. The presence of
diabetes was based on a previous diagnosis of T2DM
or a random plasma glucose level of 200 mg/dL or
higher, together with classic features of DM, such as
polyuria, polydipsia, polyphagia, and weight loss, or a
fasting blood glucose level of >126 mg/dL. or a HbA1C
level of 6.5% or higher (10). The exclusion criteria
were the presence of systemic diseases; neoplastic,
inflammatory, and infectious diseases; liver disease,
heart failure, hematologic disease; or receiving steroid
treatment. The study protocol was approved by the
ethics committee of Gaziosmanpasa Taksim Research
and Education Hospital, Istanbul.

Measurements

Hypertension was defined as antihypertensive
drug use or systolic blood pressure >140 mm Hg
and/or diastolic blood pressure 290 mm Hg. Blood
samples were obtained after overnight fasting in the
control group. Blood samples were taken at the time
of admission to emergency in the DKA and HONK
groups. Leukocytes, hemoglobin, MCV, RDW, and
platelets concentrations were analyzed in fresh blood.
Complete blood count levels were measured using an
automatic hematology analyzer (Beckman Coulter,
Brea, CA, USA). Reference values of RDW were 10-
16%. The RDW to MCV ratio was calculated using
the following formula: RDW/MCV x 100%. Serum
cholesterol, triglyceride, and high-density lipoprotein
cholesterol (HDL-C) were measured using enzymatic
colorimetric methods with commercially available kits
(COBAS 311, Roche Diagnostics GmbH, Mannheim,
Germany), and low-density lipoprotein cholesterol
C (LDL-C) was calculated in accordance with the
Friedewald formula. Serum glucose levels were
determined enzymatically using the hexokinase method

(Roche Diagnostics GmbH, Mannheim, Germany).
Blood HbAlc was determined using a COBAS 311
analyzer using particle-enhanced immunoturbidimetric
assay (Roche Diagnostics, Mannheim, Germany). The
final results are expressed as percentage HbAlc of the
total hemoglobin in accordance with the protocol of
the Diabetes Control and Complications Trial/National
Glycohemoglobin Standardization Program (DCCT/
NGSP). A particle-enhanced immunoturbidimetric
assay was performed using a Behring Nephelometer
BN-100 (Behring Diagnostic, Frankfurt, Germany) to
measure C-reactive protein (CRP). The sensitivity of
the test was 0.1 mg/L. The erythrocyte sedimentation
rate (ESR) was determined using the Westergren
method using an established normal range of 0-20
mm/1 hr. Ketonuria was measured using a Dirui urine
analyzer (Dirui H-100 Urine Analyzer, Changchun,
China). Blood gas analysis was performed using a
Roche cobas b 221 blood gas analyzer with an electrode
ion-selective membrane (Roche diagnostics).

Statistical analyses

Number Cruncher Statistical System (NCSS)
2007 and Power Analysis and Sample Size (PASS)
2008 Statistical Software (Utah, USA) programs were
used for the statistical analysis. Descriptive statistical
methods (mean, standard deviation, frequency, ratio,
minimum, maximum) were used to evaluate the
study data. Student’s t-test was used for normally
distributed quantitative parameters. The Mann-
Whitney U test was used for quantitative parameters
that were not normally distributed. The one-way
ANOVA test was used to compare means of samples
and Tukey’s honestly significant difference test was
used for the determination of significant differences
between groups. For optimum cut-off values of
RDW, MCV and RDW/MVC ratio, receiver operating
characteristic (ROC) curve analysis and diagnostic
determination tests were used. Values of p<0.05,
p<0.01, and p<0.001 were accepted as statistically
significant.

RESULTS

The clinical characteristics of the study
subjects are shown in Table 1. A total of 90 participants
were included in this study. The RDW and RDW/
MCYV values among the three groups were statistically
significant (p<0.01, p<0.001). The DKA group had
significantly higher RDW and RDW/MCV than
the other groups. The MCV value was significantly
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Table 1. Clinical and biochemical characteristics of patients with diabetes in the three groups

Type 2 DM HONK DKA
Female/Male (n/n) 15/15 12/18 14/16
Age (years) 54.57+9.24 65.80+14.11 50.53+12.62%%%*
Duration of diabetes (years) 4 (2-8) 11.5 (1-20) 8 (2.75-15.25)
Systolic pressure (mm Hg) 125.40+15.02 117.33+27.16 120.17+23.87
Diastolic pressure (mm Hg) 73.67+11.06 73.00+16.22 74.33+11.94
Blood glucose (mg/dL) 180.70+63.77 739.90+260.17 524.20+201.43%**
HbAlc 8.54+2.46 11.82+2.67 10.73£2.29%*%*
Total cholesterol (mg/dL) 211.20+45.70 182.24+64.07 168.48+£54.64%*
Triglyceride (mg/dL) 167.13+67.77 163.28+79.72 196.03+160.29
Low-density lipoprotein (mg/dL) 127.80+37.86 111.68+56.01 90.69+37.06%*
High-density lipoprotein (mg/dL) 49.90£10.65 37.96+16.94 38.62+15.71%*

C-reactive protein (mg/L)
Erythrocyte sedimentation rate (mm/hr)
White blood cell (x10%/pL)

Red blood cell (x10'%/L)
Hemoglobin (g/L)

Mean corpuscular volume (fL)
Red cell distribution width %
Mean corpuscular hemoglobin (pg)
Mean corpuscular hemoglobin
concentration (g/dL)

RDW/MCYV (%)

Arterial pH

Serum HCO, (mmol/L)

Osmolality (mosm/L)

Ketonuria

3.66 (3.36-6.02)
20 (14.5-34.5)

27.8 (11.45-48.5)
65 (43.5-85.5)

8.9 (3.36-29)%**
24 (12-43)%**

7070.00+2320.10 12116.67+4598.96  11841.33+5732.32%%x
4.59+0.54 4.17+0.81 4.72+0.73%
13.7621.56 12.00+2.14 13.1821.75%%+
91.834.52 89.00+5.62 86.24+8.21%*
13.14+1.88 13.92+1.43 14.611.75%*
30.12+1.44 28.72+2.30 28.19+3.00%*
32.79+0.92 32.53+0.90 32.63+1.43%*
0.14+0.02 0.1620.02 0.17+0.04%*
7.41 (7.36-7.41) 7.35 (7.3-7.41) 7.3 (7.21-7.3)%#*
24 (23-25) 19.4 (14.55-22.48) 12 (7.13-15)%#*
297.88 332.71 310.32%#*
(293.25-301.11) (322.53-341.98) (298.23-322.86)
0 0 (0-1.25) 100 (35-150)***

One-Way ANOVA; meantsd

tKruskal-Wallis test; median (Q1-Q3)

ttPearson Chi-square test.

Statistical significance: *p<0.05, **p<0.01, ***p<0.001. Abbreviations; DM: diabetes mellitus, HONK: hyperosmolar non-ketotic acidosis, DKA: diabetic

keto-acidosis.

Table 2. MCV, RDW ve RDW/MCV ratio analysis in DKA patients

Cut-off point

Sensitivity Specificity

Positive predictive value

Negative predictive value

MCV <90 76.67
RDW >13.50 76.67
RDW/MCV 20.15 90.00

70.00 71.88 75.00
63.33 67.65 73.08
50.00 64.29 83.33

Abbreviations; MCV: mean corpuscular volume, RDW: red cell distribution width, RDW/MCV: red cell distribution width and mean corpuscular volume

ratio, DKA: diabetic keto-acidosis.

lower in the DKA group compared with the control
group (p<0.01). Patients with DKA and HONK had
statistically significantly lower MCH and MCHC
values than the controls (p<0.01, p<0.001).

Serum glucose, osmolality, and HbAIC
levels were significantly higher among patients with
DKA and HONK compared with control patients, as
expected (p<0.001). Patients with DKA and HONK
had significantly lower levels of HCO, than the
controls (p<0.001). Ketonuria was significantly higher
in the DKA group than in the other groups (p<0.001).
The lipid variables (total cholesterol, LDL, and HDL)
were lower in the DKA and HONK groups than in the
control group (p<0.01). Patients with DKA and HONK
had significantly higher WBCs, CRP, and ESH than
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the controls (p<0.001).

There were statistically significant differences
between MCV, RDW, and RDW/MCYV values in the
controls and patients with DKA. ROC analysis and
diagnostic screening tests were used to determine
the cut-off point for MCV, RDW, and RDW/MCV
values (Table 2). Patients who had RDW/MCYV levels
higher than 0.15 were reaching study group levels with
a sensitivity of 90%, specificity of 50%, a positive
predictive value of 64.29%, and a negative predictive
value of 83.33%.The area under the ROC and standard
deviation were 71.8% and 0.061%, respectively (Table
3). RDW/MCV was the best predictor, followed by
MCYV and RDW (Fig. 1).
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Table 3. MCV, RDW ve RDW/MCV Area Under Curve

Area Under theCurve
95% CI
Area Std. Error(a) P Upper Lower
MCV 0.758 0.064 0.001%** 0.634 0.883
RDW 0.708 0.067 0.006%** 0.576 0.840
RDW/MCV 0.766 0.061 0.001%** 0.646 0.886

Abbreviations; MCV: mean corpuscular volume, RDW: red cell distribution width, RDW/MCV: red cell distribution width and mean corpuscular volume

ratio, DKA: diabetic keto-acidosis.

ROC Curve

Source of the
1.0 y Curve

0.8+

Sensitivity

=

0.0

1 - Specificity

Figure 1. MCV, RDW and RDV/MCV ratio analysis on RocCurve.
Abbreviations; MCV: mean corpuscular volume, RDW: red cell distribution
width, RDW/MCV: red cell distribution width and mean corpuscular volume
ratio, DKA: diabetic keto-acidosis.

DISCUSSION

In the literature, there are limited data about
the association between acute complications in
type 2 diabetes and erythrocyte indices. The latest
investigations encouraged us to study whether these
indices were associated with DKA and HONK in
patients with T2DM.

In our study RDW and the RDW/MCYV ratio
were found significantly higher in patients with DKA
than in the control and HONK groups. Moreover,
discriminative analysis revealed that the RDW/MCV
ratio, RDW and MCV have quite low prognostic
values. Between these erythrocyte indices, RDW/MCV
ratio has the best negative prognostic value for DKA.
The only study in the literature about the relationship
between erythrocyte indices and DKA was conducted
by Liu DS et al. who reported that RDW/MCW ratio
values higher than 45.40% had 75.0% sensitivity and
99.9% specificity for predicting DKA (9). In the same
study, the sensitivity and specificity values for MCV
were 23.1% and 91.7%, and for RDW they were 53.8%
and 87.5%, respectively. In our study, the sensitivity

and specificity for a cut-off of 0.15 for RDW/MCV
was 90% and 50%, for MCV they were 76.67% and
70%, and for RDW 76.67% and 63.33%, respectively.
Various results in literature demonstrate us the need of
further data to use erythrocyte indices to predict DKA
in clinical practice. To our best knowledge, we are the
first to investigate the predictability of erythrocyte
indices for HONK. However, we suggest that the
RDW/MCYV ratio, and RDW or MCYV alone do not
predict HONK.

Recent studies suggested that RDW predicted
cardiovascular diseases, in addition to anemia (11-
13). Although the exact mechanism of the association
between red blood cell indices and cardiovascular
disease remains unclear, studies hypothesized about the
effect of systemic factors on erythrocyte homeostasis,
especially inflammation and oxidative stress (14).
Based on previous investigations, we suggest that
similar mechanisms play a role in the relationship
between RDW and DM.

From past to present, several markers have
been used to account for the inflammatory processes in
diabetes. Interleukin (IL)-6, CRP, and their association
with diabetes have already been investigated (15,16).
Tumor necrosis factor (TNF)-a is known to have a role
in insulin resistance (17). Orosomucoid and sialic acid
(18), and IKK-beta, which are central coordinators of
inflammatory responses (19), were recently found to
be associated with insulin resistance. The results of the
National Health And Nutrition Examination Survey,
2012, showed that high levels of both CRP and RDW
were associated with low cardiorespiratory fitness,
which suggests a link between inflammation and RDW
values (20).

Inflammation may increase RDW levels
both by impairing iron metabolism and inhibiting
the production or response to erythropoietin, or by
shortening red blood cell survival (21). On the other
hand, inflammatory markers such as TNF-a and IL-6
may affect erythropoiesis via direct suppression of
erythroid precursors or promotion of apoptosis of
precursor cells. Oxidative stress may reduce erythrocyte
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survival, which results in anisocytosis due to an
increase of circulating premature erythrocytes (20).
Similarly, Juan Acosta et al. showed that glycation
increased the sensitivity of red blood cells to membrane
attack complex (MAC)-mediated lysis in patients with
diabetes and suggested that previously unexplained
hematologic abnormalities seen in diabetes could be
complement-mediated as a consequence of glycation-
inactivation of CD59 (22).

DKA and HONK are acute complications of
T2DM, and both are associated with metabolic acidosis,
systemic inflammation, and oxidative stress (23). Our
study revealed that the DKA and HONK groups had
significantly higher CRP, ESR, and WBC levels than the
control group, which indicated an inflammatory state in
these patient groups. However, higher RDW values in
the DKA group rather than in the HONK group support
the data of Shao-gang M et al. who reported that RDW
might have an important role in the pathogenesis of
DKA (24). Although both of these conditions are acute
complications of diabetes, the main distinctions are
ketosis and low insulin levels due to islet cell damage,
which are seen in patients with DKA (23). Both ketosis
and lack of insulin may explain the lower RDW values
of patients with HONK by comparison with patients
with DKA; further investigations are merited on this
topic.

DKA is one of the indicators of poor metabolic
control in diabetes mellitus. There is no statistically
demonstrated correlation between HbA1C and RDW
values in our DKA group, however high values of
RDW suggest that hematimetric indices namely RDW/
MCYV ratio point out poor metabolic control.

Although high LDL is a risk factor for
cardiovascular diseases and diabetes, there are
conflicting data about the association between RDW
and lipid profile. Kucera M et al. suggested that
MPV and RDW reflect a pro-atherogenic lipid profile
demonstrating a strong correlation of RDW with AIP
(25). Similarly, in a large population-based study,
RDW values were positively associated with AIP
and hypertriglyceridemia in women, which suggests
the relationship between high RDW values with
unfavourable lipid profile in women (26). In contrast,
in 2015, 1111 healthy subjects were studied and it was
suggested that RDW was associated with inflammatory
markers and hematimetric indices, but not with plasma
lipid levels in a healthy population (27). We found
significantly low LDL values in the DKA group.
HDL levels were significantly higher in the control
group than in the DKA and HONK groups (p=0.012;
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p=0.015), which supports the study of Lippi et al. In
our study, triglyceride values were not statistically
different between groups.

Naturally, this work has some limitations. First,
our results may not be appropriate for generalization
because of its single-center nature and the small sample
size. Thus, this study should serve as a pilot. Second,
investigations of inflammation markers other than
CRP such as IL-2 and TNF-a may help to clarify the
pathogenesis of the relationship between red blood cell
indices and inflammation. Third, we could not evaluate
the body mass index of the patients, the history of
smoking and the history of metformin usage, due to
retrospective design of the study (28, 29). These factors
could have affected the RDW values.

Despite the limitations of our study, RDW
and the RDW/MCV ratio were studied in both
HONK and DKA patient groups for the first time in
the literature. Furthermore, previous research was
conducted on patients with chronic diabetes and their
chronic complications. In contrast, our study focused
on critically ill patients, which strengthens our results.

In conclusion, we observed that low RDW
values were strongly associated with DKA but not with
HONK. The results of the present study suggest that
the RDW/MCV ratio alone reflects DKA markedly
stronger than both RDW and MCYV values.
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