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Morphology and Chromic Status of Red Blood Cells Are 
Significantly Influenced by Gestational Diabetes
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Abstract

Background: The study shows the effect of hyperglycemia on RBCs 
in terms of morphological changes and their chromic status in women 
with gestational diabetes mellitus (GDM).

Methods: A total of 100 pregnant women were enrolled from Ma-
ternity and Children Hospital, Qassim, Saudi Arabia including 40 
women with confirmed GDM (group-1), 30 women with either type 
1 or type 2 diabetes (group-2) and 30 women with normal pregnancy 
without GDM or pre-gestational diabetes (control group-3). Demo-
graphic, anthropometric, medical and biochemical data were obtained 
from the study subjects. Complete blood count (CBC) and peripheral 
smears were performed from routine blood samples. Red blood cells 
(RBCs) morphological analysis was carried out by a hematologist and 
deviations in size, shape, and staining properties of the RBCs were 
recorded.

Results: The groups were similar in demographic characteristics (P 
> 0.05). RBCs showed normocytic and normochromic features in 
83.3% patients of group-3 as compared to 57.5% in group-1, 30% in 
group-2, respectively. Microcytic hypochromic cells and anisocyto-
sis were mostly encountered in group-2 in 53.3% and 93.3% patients 
respectively (P = 0.000). Forty percent of RBCs in goup-1 showed 
microcytic and hypochromic characteristics as compared to group-3 
(P = 0.015). Additionally, 42.5% group-1 patients had anisocytosis 
as compared to group-3 (P = 0.003). Poikilocytosis, target cells and 
macrocytes were mostly observed in group-2.

Conclusions: Persistent hyperglycemia changes shape, size and he-
moglobin contents of RBCs which are associated with the hypergly-
cemic status and exposure time.

Keywords: Chromic; Diabetes; Gestational; Erythrocytes; Hypergly-
cemia; Morphology; RBC

Introduction

With prevalence of diabetes mellitus (DM) expected to grow 
to the staggering 330 million patients worldwide by the year 
2025, the Kingdom of Saudi Arabia (KSA) is listed among the 
countries with highest prevalence rate of approximately 23% 
[1-2]. Hyperglycemia complicates pregnancy either due to pre-
gestational type 1 DM or type 2 DM or because of the devel-
opment of gestational diabetes (GDM) during the course of 
pregnancy [3]. Adverse maternal and neonatal outcomes are 
associated with hyperglycemia and may include macrosomia, 
shoulder dystocia, gestational hypertension, preeclampsia, 
spontaneous abortion, fetal anomalies, neonatal respiratory 
distress syndrome, neonatal hypoglycemia, hypocalcemia, and 
hyperbilirubinemia which may culminate into intrauterine fe-
tal demise [4-6]. Moreover, hyperglycemia during pregnancy 
increases the chance of Caesarean section and its related com-
plications, and it even increase the risk of type 2 DM and obe-
sity in the mother and in the offspring [7].

GDM is characterized by hyperglycemia of variable se-
verity in pregnant women [8]. The prevalence of GDM has 
increased to 2-10% worldwide in all pregnancies while in KSA 
it has been reported during approximately 51% pregnancies 
[9]. These estimates are expected to rise due to increase in 
other maternal risk factors including obesity, older maternal 
age, hypertension and the familial history of diabetes [10]. 
Women with uncontrolled pre-gestational type 1 DM and type 
2 DM may experience more serious complications, including 
congenital defects, due to the severe hyperglycemia from very 
early stages of pregnancy as compared to the patients who de-
velop GDM only during second half of pregnancy.

As with all cells, red blood cells (RBCs) in pregnant wom-
en with uncontrolled GDM are continuously exposed to high 
glucose levels. Lacking in mitochondria, RBCs use glucose as 
their only source of energy during anaerobic glycolysis. Long-
term persistent exposure to hyperglycemia causes passive 
glucose influx via the insulin-independent glucose transporter 
(GLUT1) that leads to the formation of advanced glycosyla-
tion end products (AGEs) and non-enzymatic glycosylation of 
membranous proteins thus decreasing their activities. These 
molecular events cause irreversible cross-linking of the cy-
toskeletal proteins and consequently disrupt RBC’s membrane 
elasticity and functionality, ultimately leading to shortening 
of their life-span [11]. Moreover, hyperglycemia negatively 
impacts the RBCs both structurally and functionally that may 
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lead to various hematological disorders [12]. The structural 
changes in the plasma membrane compromise its membrane 
integrity, flexibility and deformability, and the cells become 
hypercoagulable and adherent. Hyperglycemia also causes 
membrane lipid peroxidation and osmotic fragility in human 
RBCs [13]. These changes lead to irreversible membranous 
cross-linking, inactivation of enzymes, loss of cellular elastic-
ity and death. The stiff membranes of RBCs contribute to their 
high tendency to aggregate and to the blood hyperviscosity 
noticed in patients with diabetes, which play a pivotal role in 
the etiology and progression of microvascular complications 
[14-16]. Diabetes is also linked to altered hemoglobin levels 
with consequent development of anemia [17].

The present study was designed to show the effect of vari-
ant and persistent exposure of RBCs to hyperglycemia in terms 
of morphological changes and chromic appearance in the preg-
nant women with GDM and compare these changes to patients 
with pre-gestational diabetes, using subjects without DM or 
GDM as control. We hypothesized that persistent elevated 
blood glucose levels significantly impact RBCs’ morpho-func-
tionality. In addition, the period of hyperglycemia might play a 
role in such changes. However, little is known about morpho-
logical changes of erythrocytes in vivo under hyperglycemic 
conditions in general and transiently during the pregnancy in 
particular for women with confirmed GDM.

Patients and Methods

The research was approved by Qassim Regional Research Eth-
ics Committee, Ministry of Health, Qassim, Saudi Arabia and 
registered at National Committee of Bio and Medical Ethics. 
All the participants consented for the routine blood samples 
and no blood sample included in the study was taken for the 
experimental purpose.

A total of 100 pregnant women were enrolled from Mater-
nity and Children Hospital (MCH), Buraidah, Qassim, Saudi 
Arabia from March, 2017 to January, 2018. The enrolment was 
done either from the obstetrics ward or outpatient department 
clinics. Of the total enrolments, 40% patients (n = 40) had 
confirmed diagnosis of GDM (group-1), 30% (n = 30) were 
diagnosed as having either type 1 DM or type 2 DM (group-2) 
and the remaining 30% (n = 30) had normal pregnancy with-
out identified GDM or pre-gestational DM (control group-3). 
The GDM diagnosis was confirmed by the treating physicians’ 
team and was reviewed before inclusion according to the 2015 
American Diabetes Association (ADA) GDM diagnostic crite-
ria as the following one step procedure [18]. Performing oral 
glucose tolerance test (OGTT) in the morning after overnight 
fast of ≥ 8 h; 75 g OGTT with plasma glucose (PG) measure-
ment at: fasting, 1-h and 2-h at 24 - 28 weeks in women not 
having pre-existing diabetes. GDM is diagnosed if PG values 
equals or exceed: 1) Fasting serum glucose of 92 mg/dL (5.1 
mmol/L); 2) 1-h serum glucose of 180 mg/dL (10.0 mmol/L); 
3) 2-h serum glucose of 153 mg/dL (8.5 mmol/L).

The diagnosis of DM in pregnancy was also done by the 
treating physicians’ team or by a documented pre-gestational 
valid medical record and reviewed according to the WHO di-

agnostic criteria as the following [3]. DM in pregnancy should 
be diagnosed by the 2006 WHO criteria for diabetes if one or 
more of the following criteria are met: 1) Fasting plasma glu-
cose ≥ 7.0 mmol/L (126 mg/dL); 2) 2-h plasma glucose ≥ 11.1 
mmol/L (200 mg/dL) after 75 g oral glucose load; 3) Random 
plasma glucose ≥ 11.1 mmol/L (200 mg/dL) in the presence of 
DM symptoms.

The inclusion and exclusion criteria

The Inclusion criteria in the study groups encompassed preg-
nant women with a gestational age of more than 24 weeks. 
They had proper documented diagnosis of GDM, type 1 DM 
or type 2 DM, and were booked cases in MCH to ensure proper 
follow-up measurements such as iron and folic acid supple-
mentation and to exclude the effects of such deficiencies or 
other uncontrollable conditions on RBCs analysis later on.

The exclusion criteria encompassed any pregnant woman 
who failed to meet the above-mentioned criteria for GDM, 
type 1 DM or type 2 DM during her pregnancy, un-booked 
cases (cases which have been never followed up before com-
ing to the hospital or had any appointment to follow the pro-
gress of their pregnancy for the health of both the mother and 
fetus), any condition that might affect RBCs measurements 
other than hyperglycemia and pregnancy i.e., known cases of 
hematological diseases such as any type of documented inher-
ited or acquired anemia before pregnancy, hematological ma-
lignancies and hemolysis associated with a blood disorder or 
due to advanced preeclampsia and HELLP syndrome.

Data collection

After enrolment, demographic data (e.g. age, nationality, gra-
vidity, parity, gestational weeks), anthropometric measure-
ments (e.g. height, weight, body mass index (BMI), medical 
history (DM, blood pressure and other chronic diseases) and 
other relevant clinical data were extracted from the patients’ 
files. Information about biochemical parameters (e.g. fasting 
blood glucose (FBG), post-prandial blood sugar (PPBS) were 
also recorded.

Complete blood count (CBC) sent by the obstetric team 
as routine studies, were obtained and analysed in the MCH 
lab through automated hematology analyser (SYSMEX-2000). 
The recorded CBC parameters included RBCs count, hemo-
globin (Hb), hematocrit (HCT), mean corpuscular volume 
(MCV) to determine size, mean corpuscular hemoglobin 
(MCH) to determine hypochromia and RBC distribution width 
(RDW).

Morphology of RBCs

The morphological studies were carried out on peripheral blood 
smears prepared by Leishman’s stain and analysed for qualita-
tive and quantitative parameters relevant to size and shape of 
the RBCs. The RBCs morphological analysis was performed 
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by a specialized and qualified hematologist who was blinded 
to the patients’ data and diagnosis. Only CBC parameters were 
provided for clinical relevance while interpreting the findings. 
The freshly stained slides were examined under microscope at 
40 × and 100 × magnifications in the areas where most RBC’s 
were observed in monolayer and not overlapping each other. 
A total of 5 - 10 consecutive fields per slide were observed 
for any deviation in size, shape, and staining properties of the 
RBCs (an average of 200 RBCs observed in single microscop-
ic field, bringing it to 1,000 - 2,000 RBCs studied in each slide) 
in accordance with the reference guide for grading of RBCs 
morphology (RBCs-M) [19]. Table 1 [19] describes our RBCs-
M grading system.

Statistical analysis

All data were analysed using Statistical Package for Social 
Sciences (IBM SPSS, 1.0.0.903). Descriptive analysis was 
used for analysing the demographics and clinical parameters; 
their frequencies, means, and standard deviations (SD) when 
applicable. The data are presented as mean ± SD and the sig-
nificance was assessed by their P-values using independent-
samples Student’s t-test. The strength of association between 
the pairs of variables was measured by Pearson Chi-square 
test. Fisher’s exact test was used when any of the calculated 
variables has less than five observations. Post-hoc analysis of 
the results was done to calculate P-values and to relate the sig-
nificance of Chi-square results with the different groups. The P 
< 0.05 was considered significant.

Results

All participants (n = 100) in the study were pregnant Saudi 
women who met our inclusion and exclusion criteria. Figure 
1 illustrates the distribution of the study subjects into GDM 
(group-1), pre-gestational type 1 DM or type 2 DM (group-2) 
and control group (group-3). They received iron and folic acid 

which are routinely provided as supplements during pregnan-
cy.

The patients of the group-1 (n = 40) were aged between 25 
- 43 years (mean age = 33.33 ± 4.8 years). They were in a mean 
gestational age of 34.8 ± 2.9 and a mean parity of 2.73 ± 1.8. 
Their mean BMI was 35.024 ± 3.1 and hence the patients were 
categorized as obese in accordance with 2009 guidelines of 
the Institute of Medicine [20]. Their FBG at the time of blood 
sampling ranged between 95 and 310 mg/dL (mean 148.62 ± 
42.5 mg/dL) thus confirming their GDM diagnosis. Addition-
ally, all the patients had documented normal glucose readings 
before pregnancy.

The patients in group-2 (n = 15 each with confirmed type 
1 DM and type 2 DM) were aged 20 - 42 years (mean age = 
34 ± 5.1 years). The group’s mean gestational age was 35.5 ± 
2 with a mean parity of 2.17 ± 1.4. The group was also classi-
fied as obese (mean BMI = 35.02 ± 5.3) and had FBG ranging 
between 122 - 288 mg/dL (mean 164.99 ± 34.5). For the con-
trol group-3 (n = 30), the patients aged 20 to 42 years (mean 

Table 1.  Reference Guide for Grading Red Blood Cell Morphology (RBC-M) /hpf (100 × oil) [19]

RBCs description Normal Occasional/rare Mild/slight +1 Moderate +2 Marked +3
Microcyte MCV 80 - 99 fL MCV 70 - 79 fL (25% 

smaller than nucleus 
of small lymphocyte)

MCV 60 - 69 fL (26-49% 
smaller than nucleus of 
small lymphocyte)

MCV < 60 fL (≥ 50% 
smaller than nucleus 
of small lymphocyte)

Macrocyte MCV 100 - 110 fL (25% 
larger than nucleus of 
small lymphocyte)

MCV 111 - 125 fL (26-
49% larger than nucleus 
of small lymphocyte)

MCV > 125 fL (≥ 50% 
larger than nucleus of 
small lymphocyte)

Hypochromasia MCH 27 - 34 pg < 5% but present 5-15% (MCH 2 - 26 pg) 16-40% (MCH 18 - 21 pg) > 40% (MCH < 18 pg)
Polychromasia < 3% but present 3-5% 6-20% > 20%
Target cells < 5% but present 5-10% 11-25% > 25%
Oval macrocytes < 5% but present 6-20% 21-50% > 50%
Anisocytosis < 15% 15-25% 26-49% 50-89%
Poikilocytosis < 1% 1-5% 6-10% > 10%

MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin, fL: femtoliter; pg: pictogram.

Figure 1. Distribution of the enrolled study subjects into the GDM, DM 
and control groups.
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= 32.13 ± 2.8 years). Their mean gestational age was 34.7 ± 
4.6 years with mean parity of 1.47 ± 1.3 and had BMI 34.744 
± 4.4. The patients were also categorized as obese. Their FBG 
ranged from 63 - 90 mg/dL (mean = 76.4 ± 10.2).

The three groups of patients were similar in terms of their 
demographics (i.e. ethnicity, age, pregnancy, gestational age, 
BMI, essential supplementations), anthropometrics and blood 
parameters including RBCs count, hemoglobin and hemato-
crit (P > 0.05 between all groups; statistically insignificant dif-
ference). However, in comparison with control group-3, both 
GDM group-1 and type 1 DM or type 2 DM group-2 were dif-
ferent in FBG measurements (P = 0.001) and MCV (P = 0.034) 
(Table 2). Nevertheless, group-1 and group-2 were similar in 
FBG (P = 0.08, group-1 vs. group-2) denoting comparable 
hyperglycemic levels at the time of analysis during the study 
and offering a parallel environment for the blood morphology 
study. The demographic data distribution of group-1, group-2 
and control group-3 are shown in Table 2 while their P-values 
comparing their variables’ means among the different groups 
using the independent-samples Student’s t-test are presented 
in Table 3.

Morphological and chromic analysis of RBCs

RBCs morphological analysis showed normocytic and nor-
mochromic features of RBCs in 83.3% patients (n = 25 pa-
tients) in control group-3 (P < 0.021). However, 5-15% (few; 
+1 degree) microcytic and hypochromic cells were observed in 
only 13.3% patients (n = 4) while mild anisocytosis (15-25% 
of the total cells) was observed in 10% patients (n = 3) and 
occasional macrocytes were seen in one patient (n = 3.3%). 
Moreover, none of the control samples exhibited poikilocy-
tosis. On the other hand, 57.5% patients in GDM group-1 (n 
= 23) showed predominantly normocytic and normochromic 
features. However, 40% patients (n = 16) showed mild micro-
cytic and hypochromic characteristics that accounted for three 
times more than the control group-3 (P = 0.015, group-1 vs. 
control group-3). Furthermore, 42.5% patients (n = 17) had 

mild anisocytosis (15-25% of the total cells) which accounted 
for four times higher percentage as compared to the control 
group-3 (P = 0.003). Additionally, poikilocytosis, target cells 
and macrocytes were also observed occasionally (< 1-5% in 
all studied microscopic fields) in 7.5% patients (n = 3), 12.5% 
patients (n = 5) and 10% (n = 4) respectively in GDM group-1 
but their association with GDM was statistically insignificant 
(P = 0.125 for poikilocytosis, P = 0.55 for target cells and P = 
0.383 for macrocytes vs. control group-3).

For type 1 DM or type 2 DM group-2, 53.3% patients 
(n = 16) had microcytic and hypochromic cells (5-15% cells 
throughout the microscopic fields) (P = 0.001 vs. control group). 
These cells were almost twice more in type 2 DM patients 
(73.3%; n = 11) as compared to type 1 DM patients (33.3%; 
n = 5). In addition, anisocytosis was observed significantly 
higher in all the type 1 DM and type 2 DM patients (93.3%; n 
= 28). This association was significantly higher in type 1 DM 
or type 2 DM group-2 (P = 0.000 vs. both control group-3 and 

Table 2.  Demographics and Laboratory Properties of the GDM, DM and Control Groups Shown as Mean ± Standard Deviation

Variables GDM DM Control
Age (years) 33.33 ± 4.8 34 ± 5.1 32.13 ± 2.8
Parity (number) 2.73 ± 1.8 2.17 ± 1.4 1.47 ± 1.3
Gestational age (weeks) 34.8 ± 2.9 35.5 ± 2 34.7 ± 4.6
BMI (kg/m2) 35.024 ± 3.1 35.02 ± 5.3 34.744 ± 4.4
FBS (mg/dL) 148.62 ± 42.5 164.99 ± 34.5 76.4 ± 10.2
RBCs (106/uL) 4.217 ± 0.5 4.207 ± 0.45 4.181 ± 0.4
Hb (g/dL) 11.15 ± 1.1 10.89 ± 1.3 11.543 ± 1.2
MCV (fL) 80.3 ± 4.6 78.2 ± 33.3 83 ± 34.6
HCT (%) 32.9 ± 5.6 33.3 ± 4.1 34.6 ± 3.4
RDW (%) 15.65 ± 2.2 16.19 ± 2.8 15.25 ± 3

BMI: body mass index; FBG: fasting blood glucose; RBCs: red blood cells; Hb: hemoglobin; MCV: mean corpuscular volume; HCT: hematocrit; MPV: 
mean platelet volume; RDW: red cells distribution width.

Table 3.  The Comparison of Variables’ Means 

P-value  
(GDM vs. control)

P-value  
(GDM vs. DM)

Age 0.232 0.572
Parity 0.002* 0.153
Gestational age 0.1 0.268
BMI 0.757 0.997
FBS 0.001* 0.08
RBCs 0.739 0.92
Hb 0.53 0.739
MCV 0.034* 0.308
HCT 0.152 0.742
RDW 0.523 0.366

BMI: body mass index; FBG: fasting blood glucose; RBCs: red blood 
cells; Hb: hemoglobin; MCV: mean corpuscular volume; HCT: hema-
tocrit; MPV: mean platelet volume; RDW: red cells distribution width. 
*P-values denoting statistical significance.
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GDM group-1). Occasional poikilocytosis was also observed 
in 40% of the patients of type 1 DM or type 2 DM group-2 (n = 
12) which was significantly higher as compared to the control 
group-1 (P = 0.000). Nevertheless, poikilocytosis was observed 
three times more in type 2 DM patients (n = 9) as compared to 
type 1 DM (n = 3). Similarly, occasional target cells were also 
observed in 40% DM patients (n = 12) and the association was 
statistically significant as compared to the control group-3 (P = 
0.000). However, the target cells were observed five times more 
in type 1 DM patients (n = 10) than type 2 DM (n = 2). Similar-
ly, occasional macrocytes (< 5% in all microscopic fields) were 
significantly more associated with DM patients (47.6%; n = 14) 
as compared to the control group-3 (P = 0.000). Furthermore, 
the presence of macrocytes in DM samples was dramatically 
much higher than GDM group-1. Tables 4 and 5 summarize 
the counts and percentages of the different observed variables 
and their P-values between different groups of patients while 
Figure 2 shows the mean percentages of cells found to be: 1) 
Microcytic hypochromic; 2) Macrocytic; and 3) Anisocytic 
among the total of their own cell types in the groups along with 
comparisons of their SD and P-values. In addition, Figure 3 
illustrates two microscopic images from GDM and DM cases; 
showing RBCs’ morphological changes.

Discussion

The patients included in the study were comparable in terms of 

baseline characteristics. This similarity enabled us to study the 
isolated effects of various degrees of hyperglycemia in the dif-
ferent groups of patients apart from other variables. The impor-
tant findings of our study are: 1) Hyperglycemia significantly 
affects the morphology of RBCs; and 2) The chromic status of 
RBCs is significantly associated with the hyperglycemia.

Women at risk for pre-existing diabetes are tested at the 
first antenatal visit and GDM is usually screened at 24 - 28 
weeks of gestation for proper management thereafter in ac-
cordance with the diagnosis [21]. Although GDM is a tran-
sient and reversible period of hyperglycemia, we observed 
that RBCs morphological changes were considerably more 
obvious, with stronger association in cases of overt DM. Our 
data showed that hyperglycemia was significantly associated 
with microcytosis, hypochromasia, anisocytosis, poikilocyto-
sis, target cells and macrocytes in the patients with diabetes. 
The significantly higher incidence of morphological changes 
in erythrocytes observed in patients with pre-gestational dia-
betes as compared to the patients with GDM vividly reflects 
how the time frame of exposure to hyperglycemia may cause 
such shape and size alterations. These data are in harmony 
with the published data which showed that acuteness of mor-
phological changes in vitro were contingent with the glucose 
concentration and the time duration of exposure [22]. Treat-
ment of RBCs with different glucose concentrations in vitro 
causes oxidative damage to the RBCs’ membrane proteins in a 
time and concentration dependent manner [23]. Consequently, 
RBCs develop impaired flexibility and deformability which 

Table 4.  The Counts and Percentages of the Different RBCs Morphological Variables Among the Studying Groups: GDM, DM and 
Control

RBCs morphology
GDM DM Control

Total count
Count Percentage Count Percentage Count Percentage

Normocytic normochromic
  Yes 23 57.50% 9 30% 25 83.30% 57
  No 17 42.50% 21 70% 5 16.70% 43
Microcytic hypochromic
  Few 16 40% 16 35.30% 4 13.30% 36
  No 24 60% 14 46.70% 26 86.70% 64
Anisocytosis
  Mild 17 42.50% 28 93.30% 3 10% 48
  No 23 57.50% 2 6.70% 27 90% 52
Poikilocytosis
  Mild 3 7.50% 12 40% 0 0 16
  No 37 92.50% 18 60% 30 100% 86
Target cells
  Occasional 5 12.50% 12 40% 0 0 17
  No 35 87.50% 18 60% 30 100% 83
Macrocytes
  Occasional 4 10% 14 46.70% 1 3.30% 19
  No 36 90% 16 53.30% 29 96.70% 81
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result in their slower return to the normal discoidal shape in 
comparison with the RBCs under normoglycemic conditions. 
These molecular changes have been attributed, at least par-
tially if not fully, to the shortened lifespan of RBCs in diabetic 
patients due to persistent exposure to hyperglycemia [24-25]. 
Additionally, this process was further associated with mor-
phological alterations manifested by a significant increase in 
the RBCs with serrated edges due to abnormal cell membrane 
(echinocytes: burr cells) in diabetic subjects [26]. Petit et al 
have reported that rigidity of the RBCs’ cell membrane is 
responsible for their decreased deformability in the diabetic 
patients [27].

During their lifespan under physiological conditions, 
RBCs experience multitude of oxidative and mechanical 
stressors besides ionic and osmotic alterations irked by gly-
cemic changes in their microenvironment. The extraordinary 
physiological demands during pregnancy lead to plethora of 
variations and stressors at the metabolic and cellular levels. 
In this regard, RBCs show unique ability to not only survive 
but also contribute to the maintenance of homeostasis by an 
intricately regulated interaction between its plasma mem-
brane and the cytoskeleton associated proteins [28]. Failure 
to do so will cause morphological changes, structural failure 
and cellular dysfunction thus leading to shortened lifespan of 
RBCs [29].

Persistent hyperglycemia also induces cell toxicity via 
various suggested molecular mechanisms including the over-
production of reactive oxygen species (ROS) and the associ-
ated oxidative stress, decreased ability to neutralize the effects 
of ROS, hyperosmolarity, irreversible glycation products (i.e. 
AGEs) and altered gene expression [30-32]. Besides lipid per-
oxidation in the membranes of fresh untreated RBCs of dia-
betic patients, the amount of membrane lipid peroxidation has 
been significantly correlated with the levels of hyperglycemia 
and glycosylated hemoglobin levels HbA1c [33-36]. Lipid 
peroxidation and altered fatty acid composition of RBCs plas-
ma membrane cause altered relationship between membrane-
bound enzymes and the cytoskeleton, induction of membrane 
rigidity, cellular dehydration and reduced deformability with 
a consequence of decreased RBCs survival [14, 37, 38]. The 
stiff membrane of RBCs also contributes to their high ten-
dency to aggregate and to the blood hyperviscosity noticed in 
diabetic patients, which play a pivotal role in the etiology and 
progression of the DM-related microvascular complications 
[39]. These effects are much more obvious in RBCs due to 
their insulin-independent glucose entry that renders the cells 
more vulnerable to the damaging effects of hyperglycemia 
[39].

On the basis of mean BMI, patients in all three groups 
in our study were obese and their FBG values were signifi-
cantly higher and widespread in the diabetic groups (groups-1 
and -2 as compared to the control group-3). In line with these 
data, the morphological and chromic changes observed were 
also more pronounced in the diabetic groups (group-1 and 
group-2) as compared to the control group-3. Interestingly, 
the effect of DM in group-2 was more pronounced in terms of 
RBC’s morphological and chromic changes as compared with 
GDM group-1. This signifies the role of the time duration of 
exposure to hyperglycemia besides the effect of blood glucose Ta
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concentrations. The authors have not come across any other 
studies performed to ascertain similar parameters in GDM 
patients.

Despite significant findings, our study is not without some 
limitations. The close medical follow-up for the patients in-
cluded in the study allowed control of their hyperglycemia 
which might have curtailed the effects of hyperglycemia. Sec-
ondly, future study should include molecular data showing 
the molecular alterations in response to persistent exposure to 
hyperglycemia. Moreover, assessment of HbAC1 could have 
been carried out at multiple time-points during the studies.

In conclusion, variable or persistent hyperglycemia, re-
flected by our study groups of GDM and DM, induces vari-
ous changes in the shapes, sizes and hemoglobin contents of 
erythrocytes that can be further anticipated by the expected 
alterations in the erythrocyte membrane and its cytoplasm. 
Additionally, our observed changes reflect the in vivo effects 
of hyperglycemia on RBCs which support the published data 
regarding prolonged exposure to hyperglycemia in terms of 
their deformability which decreases while their aggregation 
increases which interfere with the physiological flow of blood 
especially in the microvasculature thus contributing to dia-
betes complications. Therefore, we suggest that future stud-

ies should be designed to establish a relationship between 
erythrocyte shape changes as an early predictor of diabetic 
complications that may allow better management of diabetic 
patients.

Acknowledgments

We acknowledge the support of SRC administration for their 
continued support to complete this project. We are also thank-
ful to Dr. Mamoun at MCH for his unflinching support dur-
ing the project. We acknowledge the lab facilities by MCH to 
complete this project.

Abbreviations

AGE’s: advanced glycosylation end products; BMI: body mass 
index; CBC: complete blood count; DM: diabetes mellitus; 
FBG: fasting blood glucose; GDM: gestational diabetes mel-
litus; GLUT1: glucose transporter 1; RBCs: red blood cells; 
Hb: Hemoglobin; HCT: hematocrit; MCH: mean corpuscular 
hemoglobin; RDW: RBC distribution width

Figure 2. The mean percentages of cells found in different patient groups to be (a) microcytic hypochromic, (b) macrocytic and 
(c) anisocytic among the total of their own cell types in the groups. Comparisons of their standard deviations and P-values are 
illustrated.

Figure 3. Observed microscopic pictures showing (a) anisocytosis with microcytosis and hypochromia in a GDM case, (b) aniso-
cytosis with microcytosis, hypochromia and target cells in a DM case.
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