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Hyperglycemia effect on red blood cells indices

B.N. ALAMRI', A. BAHABRF, A.A. ALDEREIHIM?, M. ALABDULJABBAR?,
M.M. ALSUBAIE>, D. ALNAQEB®, E. ALMOGBEL’, N.S. METIAS®,

O.A. ALOTAIBI®, K. AL-RUBEAAN®

'Department of Medicine, Dalhousie University, Halifax, Nova Scotia, Canada

’Department of Pediatrics, King Saud and McMaster University, Riyadh, Saudi Arabia
3Radiology Resident in King Fahad Medical City, Riyadh, Saudi Arabia

*Ophthalmology Department, King Khaled Eye Specialist Hospital, Riyadh, Saudi Arabia
*Department of Emergency Medicine, King Abdulaziz Medical City, Riyadh, Saudi Arabia
®University Diabetes Center, College of Medicine, King Saud University, Riyadh, Saudi Arabia
’College of Medicine, Qassim University, Saudi Arabia

Abstract. — OBJECTIVE: Hyperglycemia has
an effect on all body tissues; one of them is the
bone marrow. This effect is related to protein
glycation and other chemical and physiological
changes of red blood cells (RBCs). The aim of
this study was to assess the effect of hypergly-
cemia on different RBCs indices along with eval-
uating these changes in the normal physiology
and chronic diabetes complication pathology.

PATIENTS AND METHODS: This is a cross-
sectional hospital-based study of 1000 type 2
Saudi diabetic patients without any hematologi-
cal diseases. Patients were fully evaluated clini-
cally and biochemically with full blood hematolog-
ical parameters assessment. The studied cohort
matched the general characteristics of Saudi type
2 diabetic patients.

RESULTS: This study shows that hyperglyce-
mia increases the red blood cells count, mean
corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscular hemoglo-
bin concentration (MCHC). Red blood cell dis-
tribution width (RDW) was negatively correlat-
ed with poor glycemic control. Concurrently, the
presence of micro and macroangiopathies with
hyperglycemia shortens the lifespan of RBCs.

CONCLUSIONS: We conclude that hypergly-
cemia has an imposing effect on RBCs count
and its physiological function, which can be nor-
malized effectively with good glycemic control.
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Red blood cells indices, Red blood cell distribution
width (RDW), Hematology, Diabetes mellitus.

Introduction

Overwhelming data demonstrated the effect
of hyperglycemia on different body tissues re-

sulting from the glycation of different proteins.
Bone marrow is one of the body tissues with
a high proliferation rate that produces all the
different types of blood cells on a daily basis,
one of which is red blood cells through the
erythropoiesis system'. The persistent elevation
of glycosylated hemoglobin as a result of diabe-
tes-related hyperglycemia is associated with the
structural and functional changes in hemoglobin
(Hb) molecule, the osmotic disturbance and the
cytoplasmic viscosity within each cell. All these
changes could have an imposing effect on any
of the red blood cell indices, which include the
red blood cells (RBCs) count, hematocrit (Hct),
mean corpuscular volume (MCV), mean cor-
puscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC) and the cell
shape and deformability represented by red blood
cell distribution (RDW)>. Recently, researchers®*
demonstrated the effect of different levels of gly-
cemia on hematological parameters, wherein it
has been reported that hyperglycemia with insu-
lin resistance has an imposing effect on red blood
cell and hematocrit (Hct). On the other hand, a
high value of glycosylated hemoglobin was re-
ported to correlate with decreased deformability
of erythrocytes*. Additionally, RBCs count was
positively associated with hyperglycemia and
was reflected by higher HbAlc, as shown in both
diabetes and prediabetes state®. The effect of
hyperglycemia on the hematological parameters
does not manifest any pathological phenomena,
but it could well be the reason behind different
abnormal observations among diabetic patients
including delayed wound healing and a defect in
the normal physiology of hematopoietic system®.
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These changes may also contribute to chronic
diabetes complications, wherein, the RDW, Hct
and RBCs count have been found to be associated
with microvascular and macrovascular compli-
cations”®. Since the data is scarce related to the
association of different erythropoietic parameters
with hyperglycemia and diabetes complications,
the main aim of the current work was to evaluate
the correlation between glycemic markers and
different erythropoietic parameters among type
2 diabetic patients along with their association in
the presence of diabetes chronic complications.

Patients and Methods

Patient Selection and Data Collection
This is a cross-sectional study and the cohort
was selected from the University Diabetes Center
(UDC), King Saud University from January to
August 2016. A total of 1000 patients with type
2 diabetes who were recently referred to UDC
and aged >18 years with complete erythropoiet-
ic parameters, namely RBCs count, Hct, MCV
and MCHC, RDW and erythrocyte sedimentation
rate (ESR) were recruited in a convenience series
manner. These parameters were then correlated
with simultaneous glycemic control parameters,
namely HbAlc, fasting blood glucose (FBG), 2h
postprandial and fasting lipids, which include
total cholesterol, low-density lipoprotein (LDL)
cholesterol, high-density lipoprotein (HDL) cho-
lesterol and triglycerides. Patients with hemato-
logical diseases like hemoglobinopathies and my-
eloproliferative disorders or chronic diseases like
cancer, liver cirrhosis and renal diseases were
excluded. This exclusion also included patients
with infections, inflammatory bowel disease, hy-
pothyroidism and all those patients on drugs
which may suppress bone marrow activity. The
clinical data collected from patients’ charts in-
cluded age, gender, diabetes duration, and history
of smoking. Weight, height, both systolic (SBP)
and diastolic blood pressures (DBP) were collect-
ed during the same visit when the biochemical
and hematological evaluations were performed.

Laboratory Analysis

A venous blood sample was collected from the
median cubital vein using a Becton Dickinson
vacutainer heparinized tube and was then trans-
ferred to the central laboratory for analysis. All
the erythropoietic parameters were measured and
analyzed by a COULTER LH 500 hematology
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analyzer (Beckman Coulter, Fullerton, CA, USA)
machine. Simultaneously, another sample was
collected in a plain tube for metabolic markers
including glycemic and lipid markers in serum.
Blood glucose assessment was performed us-
ing the glucose oxidase-peroxidase methodology.
The serum cholesterol assessment was performed
using the cholesterol oxidase-peroxidase meth-
odology and the HDL, LDL and triglyceride
assessments were performed using direct and
glycerokinase oxidase-peroxidase methodology.
A third sample was also collected in potassium
EDTA tube for HbAlc measurement based on the
Randox Daytona (United Kingdom) latex aggluti-
nation inhibition assay.

Statistical Analysis

Data were analyzed using Statistical Package
for social science (SPSS software version 21,
IBM, Armonk, NY, USA). The r-test was used
to measure mean=SD and both descriptive and
frequency measurement. Pearson’s correlation,
ANOVA and regression analysis were used to
assess the correlation between hematological pa-
rameters and glycemic control. Least Significant
Difference (LSD) test was used as a post-hoc test
to validate ANOVA. Odds ratio (OR) and its 95%
confidence intervals (CI) were used to express
different risks. p-value of < 0.05 was considered
statistically significant.

Results

The mean age of the total sample was 51.1 +
12.7 years, which was identical to the median
with a range between 18-95 years. The mean
duration of diabetes exceeded 8 years and the
mean HbAlc was 8.9 + 2.0% with a median of
8.5% ranging between 5.2 and 14.6%. The val-
ues for erythropoietic parameters including Hb,
Hct, RBC, MCV, MCH, MCHC, RDW, and ESR
demonstrated normal distribution based on their
mean, median and range values, as shown in
Appendix 1. Table I demonstrates the metabol-
ic and erythropoietic parameters in relation to
clinical categories, wherein older patients show a
significant increase of RBC count, Hb, Hct, and
ESR. Men had significantly higher RBCs count,
Hb, and Hct, while lower ESR when compared
to women. Diabetic patients showed a lower
mean value of RBCs count and Hct with diabetes
duration > 10 years. The results show a marked
increase in RBCs count among smokers, Hb and
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Appendix I. Measures for central tendency for clinical and metabolic and erythropoietic markers.

Mean (= SD) Median Range
Age (years) S51.1+£12.7 51.0 18.0-95.0
Diabetes duration (years) 84+78 6.0 1.0-47.0
SBP (mmHg) 132.4+£17.8 132.0 82.0-181.0
DBP (mmHg) 76.5+9.8 77.0 51.0-105.0
BMI (kg/m?) 31.2+6.2 30.5 15.5-63.6
HbAlc (%) 89+2.0 8.5 5.2-14.6
FBG (mg/dL) 94+34 8.8 3.4-18.6
2 hr PC 139+54 13.3 4.3-29.0
Hemoglobin g/dL 13.8+ 1.7 13.8 9.2-17.5
Het % 40.7 4.7 41.0 27.8-53.2
RBC (10%/L) 47+0.5 4.7 3.3-6.2
MCV(fL) 86.5+4.6 86.8 74.3-98.3
MCH (pg) 293+1.9 29.4 23.8-33.9
MCHC (g/dL) 33.8+0.1 33.8 31.0-35.8
RDW (%) 13.6 £0.1 13.5 11.5-16.4
ESR (mm/h) 20.6 +15.8 18.0 0.0-65.0
Cholesterol (mg/dL) 48=+1.1 47 2.4-79
LDL (mg/dL) 2.8+0.9 27 0.7-5.9
HDL (mg/dL) 1.2+04 1.2 0.6-2.5
Triglyceride (mg/dL) 1.8 +£0.1 1.5 0.5-7.5

Hct, but lower ESR. SBP > 140 mmHg did not
have any effect on those parameters, while DBP
> 80 mmHg showed a remarkable increase in
the mean value of RBC’s count, Hb, Hct, but de-
creased ESR. Patients with BMI > 30 kg/m? had
significantly lower mean values of Hb and Hct but
increased mean ESR value. The mean values for
MCV, MCH, and MCHC were markedly lower in
women and patients with high mean BMI values,
except for MCHC. Both MCV and MCH were
significantly higher among older patients and
smokers. RDW was remarkably increased among
women and subjects with higher mean values of
BMI, but markedly lower with high DBP. Patients
with poor glycemic control represented by HbAlc
> 7% or FBG > 130 mg/dL or 2-h postprandial
glucose of > 180 mg/dL showed a significant
increase in their mean values of RBCs count,
Hb and Hct. Patients with total cholesterol > 4.0
mg/dL, LDL > 2 mg/dL and triglycerides > 1.7
mg/dL. showed markedly higher mean values of
RBCs count, Hb, and Hct, while the reverse was
observed with a high value of HDL. The mean
values of ESR were remarkably lower in patients
with higher FBG and 2-h postprandial glucose.
None of the metabolic parameters with the ex-
ception of higher FBG and lower HDL had any
significant effect on MCV, MCH and MCHC.
RDW was remarkably higher among patients
with good glycemic control, but not with any lipid
parameters values, as shown in Table 1. Table 111

shows the significant decrease in the mean val-
ues of RBCs count, Hb and Hct among patients
with diabetic neuropathy, retinopathy, nephropa-
thy and vasculopathy. This study has also shown
an increase in RDW, but a decrease in the mean
values of MCV and MCH among patients with
vasculopathy. When looking for different quartile
levels of the hematopoietic parameters in relation
to chronic complications, the only significant
ones were higher quartile for ESR among patients
with nephropathy and MCV with retinopathy,
while lower quartile for Het and RBCs count for
neuropathy and retinopathy, as shown in Appen-
dix 2. Pearson correlation for erythropoietic pa-
rameters demonstrated a positive correlation with
RBCs count, Hb and Hct, while it demonstrated a
negative correlation with RDW in relation to poor
glycemic control presented by higher HbAlc,
FBG and 2-hour postprandial blood glucose. On
the other hand, both MCV and MCH had a nega-
tive correlation with higher HbAlc values. High
FBG had a negative correlation with ESR, but
a positive correlation with MCHC, as shown in
Table 1V and Figure 1A and 1B.

Discussion
The collected study sample represents the nor-

mal distribution for the Saudi diabetic population
based on data from the Saudi National Diabetes
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Table Ill. The mean + SD of the different erythropoietic parameters and presence of chronic complications.

Chronic Number

complications (%) RBC HGB Hct RDW/ ESR MCcv MCH MCHC
Neuropathy Absent 672 (67.2%) 48+05 139+1.6 41.0+46 135409 202+156 86.5+46 293+19 33.8+09
Present 328 (32.8%) 47+0.6 135+17 401+49 13701 214+161 865+46 293+1.8 338+0.1

p-value 0.001 0.002 0.004 0.076 0.319 0.848 0.804 0.663
Retinopathy Absent 794 (79.4%) 48+05 13.8+£17 409+£47 13.6+0.1 201+158 864+46 293+19 338+0.1
Present 206 (20.6%) 46+05 13516 3999+£47 135+0.1 224+159 86.8+44 294+18 339409

p-value <0.001 0.020 0.012 0.439 0.092 0.277 0.257 0.209
Nephropathy Absent 915 (91.5%) 48+£05 138+x16 409+46 13.6+0.1 203+157 86.5£46 293+19 33.8+0.1
Present 85 (8.5%) 4606 133+19 394+£57 137+£09 243+167 86.0+47 290+18 33.8+0.

p-value 0.015 0.010 0.022 0.367 0.050 0.414 0.248 0.905
Vasculopathy Absent 879 (87.9%) 48+0.5 13.8+17 409+£47 13.6+01 203+157 86.6+4.6 293+19 338+0.1
Present 121 (12.1%) 47+06 134+17 398+48 13801 23.0+161 856+46 290+19 33.6+0.1

p-value 0.083 0.030 0.027 0.012 0.103 0.028 0.049 0.057

Registry (SNDR) in terms of important charac-
teristics, which include mean age, duration of
diabetes and BMI. In this work, we focused on
the effect of hyperglycemia, hyperlipidemia and
chronic diabetes complications on erythropoiesis.
During erythropoiesis, RBCs structure or chem-
istry will be affected by hyperglycemic state
among diabetic patients when compared with the
normal subjects’.

Red Blood Cells (RBCs] Count

Among diabetic patients, chronic hypergly-
cemia will lead to non-enzymatic glycation of
RBC membrane proteins that would accelerate
RBCs aging as a result of reduced negative sur-
face electrical charge'®. Our study has demon-
strated an increase in RBCs count among older
patients, especially men, although there was a
significant reduction in RBCs count for those
with diabetes duration of more than 10 years.
This increase in RBCs count observed during
hyperglycemia is similar to the observation of
other studies and could be explained by the
effect of insulin resistance, especially when it
has been demonstrated that insulin regulates
erythropoiesis in vitro'. The hyperinsulinemia
effect on erythropoiesis has been well explained
by different mechanisms, since the presence of
insulin receptors in human erythropoietin cells
during different developmental stages, suggests
the role of insulin as a co-factor in erythropoie-
sis'2. Polycythaemia observed in newborn babies
of diabetic mothers give another clue for hyper-
insulinemia’s relationship with erythropoiesis®.
The insulin resistance effect on erythropoiesis
could explain the increase in RBCs count in
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older patients and men'!. Smoking among the
studied diabetic patients was associated with
increased RBCs count as expected due to the
effect of carboxyhemoglobin (HbCO), which
would stimulate the production of RBCs as its
hypoxic effect would eventually lead to the
development of secondary polycythemia'®. The
association between increased RBCs counts
with higher DBP and lipid parameters namely
cholesterol, triglycerides and LDL, could also
be explained by the insulin resistance effect,
since such conditions are associated with met-
abolic syndrome'®, as reported by Hosseini et
al”. The RBCs count in this study has shown to
be reduced with microvascular complications,
especially with longer diabetes duration and
was also reported by other researchers®. The
decreased RBCs count could be a consequence
of erythropoietin deficiency observed among
patients with diabetic nephropathy or as a result
of the increased RBCs destruction, secondary to
macroangiopathic or microangiopathic chang-
es'®. The decreased negative charge of RBCs
among patients with hyperglycemia would also
result in reduced average lifespan of RBCs or
increased microviscosity and aggregation or ad-
hesion of RBCs and consequently would reduce
RBCs count"”.

Hemoglobin (Hb)

The heme part of hemoglobin is the protein
that is subjected to glycation and is affected by
the duration and level of hyperglycemia®. In
this work, patients with anemia were excluded to
eliminate the effect of other hematological fac-
tors that may affect the concentration of Hb in



Hyperglycemia effect on red blood cells indices

1454

0’0 86°C L9°0 €1 £€C6'0 6S'1 990 0’1 8¢1'0 1294 880 0S'l ILE0 yTe $9°0 Sl onaenb
celo SI'e 980 79'1 L0 99°'1 0L0 801 L60°0 ¥9°C 60 9¢°1 120°0 S0'¢ L'l (1) 4 a[enb ¢
18€°0 4! €0 IL0 0S€°0 9Tl 0 18°0 6080 S8l 90 LO'T $90°0 LO'T 01ro €0 snaenb 7
00T 001 001 001 o[ntenb
(y/wu) YA
SEro yI'e 980 79'1 L81°0 80°C LS80 el Sv10 SI'l 6¢0 L9°0 891°0 ILe 080 Ll a[nenb
80 LT 89°0 0€'l 6£S°0 L1 SLO yI'l LL80 S 090 96'0 0590 £€9°C SS0] (A o[naenb ¢
€L6'0 86'1 610 660 0LLO S9'1 690 LO'T 180 Ll $9°0 90°'1 L06'0 or'e 90 SO'1 s[nrenb .z
00'1 001 001 001 a[penb
(%) maya
001 001 001 001 s[urenb
9rCT0 LO'E SLO 4! 60C°0 90°C ¢80 el LOV0 0°C SLO €'l 9TC0 8¢'1 9T0 650 aenb ¢
SLEO 69°C 690 9¢'l 166°0 €Sl $9°0 001 66£°0 el 60 1870 or6'0 90'C IS0 €0l snaenb 7
0810 1483 18°0 65’1 1€8°0 Sl 290 S6°0 L6T°0 [N wo 1L°0 9¢L'0 78’1 w0 88°0 smenb |
(1p/3) DHOW
001 001 001 00T a[nenb
£€€6'0 €6'1 610 L6°0 L8LO 79'1 690 90°1 L8L0O ¥9'1 690 90°'1 60 oLl €€'0 SLO o[naenb ¢
0S80 60°C S50 LO'T 8790 0L'T L0 1T 81790 0L'T L0 Il 1S6°0 8I'C 8¥0 0’1 s[nrenb .7
0LE°0 SS9y IL0 14! 9150 el 9¢°0 980 9150 yel 9¢°0 980 08%°0 L9C £9°0 0¢'1 a[nenb
(8d) HOW
001 001 001 001 onaenb
9SL°0 181 770 680 [qti} YTl 0 080 8200 760 €0 LSO [4430] ¥8'C 650 6C'1 s[uaenb ¢
¥8L°0 SI'e 9¢0 or'l 8880 8t'l £€9°0 L60 62C0 0Tl 90 SLO STL0 9¢'C 0 SI'L snaenb 7
6110 0re 880 SOl LT8°0 9’1 790 S6°0 ovro er'l &0 690 LST0 e €Lo ST smaenb |
(19) ADI
001 001 001 00T a[nenb
6900 SO'1 620 SS0) 0580 (S 290 960 G860 0L'1 850 660 ¥0L°0 881 6€°0 980 snaenb ¢
66C°0 el 60 L0 LIS0 Sl SS90 980 102°0 e'C 780 o'l 1€6°0 60'C Sv'0 L60 s[nrenb .z
9PI0 8I'1 €0 £€9°0 0100 99°C 148! L1 000 €L'T 00'1 S9'1 2690 &'e 9¢°0 91°19[1ENb ]
(170D DA
001 001 00'1 001 onaenb
8L0°0 7S¢ 76°0 (43! 1060 091 990 €01 £60°0 9L'C 60 09'1 2080 6¢C IS0 or't s[uaenb ¢
£60°0 Ly'e 160 LL'T 6670 el SS0 98°0 0200 a3 Il 061 0LLO &'e 0 48! snaenb 7
198°0 L6'T 70 ¥6°0 S10°0 8T 17T 69'1 S100 [4%3 PI'l S6'1 €780 9¢'C 1S°0 60’1 smaenb |
% WH
001 001 001 00T a[nenb 4
900 9°¢ 96'0 L8] S09°0 L1 L0 48! SLTO 8T'C 6L°0 iz 0850 G8'C 9¢°0 9T'1 o[naenb ¢
€00 (404 90°'1 90°C 891°0 e 880 9¢'l 9¢0°0 76'C 70’1 SL'T 60€0 LTy 680 €6'l sntenb 7
Sv6'0 €0'C LY0 L6°0 8L0°0 ¥C'C 960 'l €010 9¢'C 60 €51 €950 £€8°C LSO LT a[ienb |
1p/3 uiqoj3owdy
anjea-d Jaddn Jamo7 YO |9njea-d 1addn  1amo  ¥O anjea-d Jaddn  Jamo1 JO anjea-d i1addn  Jsamo7 O siolaweled

1D %S6 Ayredojnasen

1D %56 Ayledoinan

1D %S6 Ayredounay

1D %56 AyredosydaN

'suonedI[dwoo Ie[NOSBAOIOIW PUB JB[NOSBAOIOBW PUE sidjoweled onjordoIylA1o usamioq uoneroossy I xipuaddy




B.N. Alamri, A. Bahabri, A.A. Aldereihim, M. Alabduljabbar, M.M. Alsubaie, et al.

Table IV. Pearson correlation coefficient of each erythropbiotic parameters and glycemic control.

HbA1Tc FBG 2 hours postprandial

Characteristic r P r P r P
RBC 0.21 <0.001 0.25 <0.001 0.22 <0.001
HGB 0.14 <0.001 0.24 <0.001 0.22 <0.001
HCT 0.15 <0.001 0.23 <0.001 0.23 <0.001
ESR 0.01 0.791 -0.09 0.009 -0.03 0.370
RDW -0.09 0.006 -0.21 <0.001 -0.18 <0.001
MCV -0.06 0.054 0.00 0.970 0.07 0.053
MCH -0.07 0.049 0.04 0.218 0.08 0.021
MCHC -0.02 0.485 0.08 0.011 0.05 0.175

the presence of metabolic abnormalities, namely
hyperglycemia and hyperlipidemia. Since Hb
levels are directly correlated with RBCs count,
all the factors as discussed above that would
decrease or increase RBCs count, would reflect
on Hb concentration. Patients with a higher BMI
have shown lower Hb concentrations which
could be related to the fact that obesity is char-
acterized by a state of chronic inflammation
with high circulating pro-inflammatory cyto-
kines affecting the hematopoietic system, and
may lead to the depletion of these cells'. Thus,
we could suggest that obesity and the associ-
ated metabolic changes or inflammation may
affect bone marrow niches through pathways
that have not yet been investigated before. Hy-
perlipidemia, in this study, is associated with
the increased hemoglobin mean concentration
and is similar to what has been earlier report-
ed by other researchers'” thereby warranting
further analysis. The presence of chronic com-
plications in this work was associated with low
Hb concentrations in non-anemic type 2 dia-
betic patients. In addition to the prevalence of
chronic kidney disease among diabetic patients
and its association with low erythropoietin
production, this hormone could be affected by
autonomic neuropathy that decreases sympa-
thetic stimulation of erythropoietin production
related to renal denervation?'. Reduced andro-
gens observed in diabetic patients is associated
with decreased erythropoietin synthesis in the
kidney. These factors could explain the reduced
mean hemoglobin concentration in diabetic pa-
tients with chronic complications. Another ex-
planation could well be related its resistance to
erythropoietin as a result of the inflammatory
process and due to the rise of cytokines that
would suppress cell proliferation?..
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Mean Corpuscular Volume (MCV),
Mean Corpuscular Hemoglobin (MCH)
and Mean Corpuscular Hemoglobin
Concentration (MCHC)

It was observed that there was an insignificant
increase of MCV with poor glycemic control,
which could be further explained by the fact that
membrane proteins can be non-enzymatically
glycosylated displacing sodium and chloride ions
in the immediate environment of the cells. Such
displacement could explain the changes in cell
size (increased MCV)*. The MCV, MCH and
MCHC were reduced in obese subjects, which
could be the result of hyposideremia that lowers
the erythrocytes indices as a result of low-calorie
diet, as practiced by these obese subjects®. The
current work has also shown that vasculopathy
had significantly decreased MCV and MCH and
is similar to what has been observed among Tai-
wanese subjects®.

Red Blood Cell Distribution Width
(RDW)

Our observation correlates with the findings
of other studies®'™* that there is a significant
negative correlation of RDW with poor glycemic
control. This could result from the decreased
lifespan of erythrocytes that reduces HbAlc
concentration, as the average time of RBCs ex-
posure to hyperglycemia is reduced. Chronic in-
flammatory process related to diabetes may in-
fluence erythropoiesis and would reduce RBCs
half-life and deformability, thereby increasing
RDW. This inflammatory theory could also ex-
plain the positive correlation between RDW and
obesity?>?*%, Our work also shows a positive
correlation between RDW and DBP, but not
between RDW and SBP, which is similar in part
to the finding of Tanindi et al*’, that can be ex-
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Figure 1. 4, Pearson correlation of each erythropbiotic parameters and glycemic control.

plained on the basis of the inflammatory effect
that might results in end-organ damage among
patients with hypertension. The activation of
the renin-angiotensin-aldosterone system could

Figure continued

increase erythropoietin production in vivo and
directly stimulate the proliferation of normal
early erythroid progenitors. Additionally, in-
creased sympathetic nervous system activation
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Figure 1 (Continued). B, Pearson correlation of each erythropbiotic parameters and glycemic control.

stimulates erythropoiesis in humans through
increased erythropoietin production?”. The cor-
relation of RDW with vasculopathy, which is
one of our observations, is further supported by
the fact that vasculopathy is associated with a
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pro-inflammatory state and oxidative stress that
impairs membrane fluidity of the erythrocytes
and reduces RBCs lifespan. In addition to this,
it blocks iron metabolism and erythropoietin
response as a result of inflammation. Our work
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is limited by being a cross-sectional study and
therefore causality could not be established.
However, the main aim of this paper was to
determine an association rather than causality.
Additionally, the results represent a single center
study which might not allow us to generalize the
results, but the main demographic characteris-
tics were matching with a large countrywide co-
hort of the Saudi National diabetes registry. The
primary strength of our work is the large sample
size which increases the power of this study.
The secondary strength of this paper is the
exclusion of patients with anemia, to avoid any
confounding effects on the association between
the studied indices and metabolic parameters or
chronic complications.

Conclusions

We showed that hyperglycemia affected
RBCs production, its function and other phys-
ical properties. This may eventually affect the
normal functional physiology of erythrocytes
or have a direct effect on its vascular structure,
leading to micro or microangiopathies. At the
same time, the presence of diabetes chronic
complications would affect RBCs life span, its
cytoplasmic viscosity, and deformability. How-
ever, these changes are not fully understood and
more studies are needed to evaluate the impor-
tance of such changes on the progression of di-
abetes complications, especially cardiovascular.
The effect of hyperglycemia on RBCs shape and
its function should also be considered among
diabetic patients, especially when evaluating for
their hematological diseases. The findings of the
current study highlight the importance of strong
glycemic control in improving the structure and
function of RBCs and consequently, their in-
dices. Additionally, diabetic patients with poor
control should not be encouraged to donate
blood.
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