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INTRODUCTION

ABSTRACT

Background: Gestational Diabetes Mellitus (GDM) is a common metabolic
disorder of pregnancy associated with adverse maternal and fetal outcomes.
Glycated hemoglobin (HbA1c) reflects long-term glycemic status; however, its
accuracy may be influenced by red blood cell (RBC) parameters. Emerging
evidence suggests that alterations in RBC indices may correlate with glycemic
control and disease severity.

Aim: To evaluate the correlation between red blood cell parameters and HbAlc
levels in patients with GDM.

Materials and Methods: A hospital-based observational study was conducted on
200 diagnosed cases of GDM. Hematological parameters including Hb, RBC count,
hematocrit, MCV, MCH, MCHC, and RDW were measured using an automated
hematology analyzer. HbAlc was estimated using standardized methods. Statistical
analysis was performed using Pearson correlation and ANOVA.

Results: Mean HbAlc was elevated (6.48 + 0.82%). Significant negative
correlation was observed between HbAlc and hemoglobin, RBC count, and
hematocrit, while RDW showed a strong positive correlation. Patients with higher
HbALc demonstrated worsening RBC indices.

Conclusion: RBC parameters, particularly RDW, show significant association with
HbAlc and may serve as adjunct markers for glycemic control in GDM.

Keywords: Gestational diabetes mellitus, HbAlc, RBC indices, RDW, glycemic
control.

Gestational Diabetes Mellitus (GDM) is defined as glucose intolerance of variable severity with onset or first recognition
during pregnancy and is a major public health concern worldwide (1,2). The global prevalence of GDM has shown a
rising trend over recent decades, largely attributed to increasing maternal age, obesity, sedentary lifestyle, and genetic
predisposition (3-5). In South Asian countries, particularly India, the prevalence of GDM is significantly higher, ranging
from 10% to 27%, thereby contributing substantially to maternal and neonatal morbidity (6,7).

GDM is associated with a wide spectrum of adverse outcomes including preeclampsia, polyhydramnios, cesarean
delivery, macrosomia, neonatal hypoglycemia, and long-term metabolic disorders in offspring (8-10). Furthermore,
women with GDM are at an increased risk of developing type 2 diabetes mellitus and cardiovascular diseases later in life
(11,12). Therefore, early diagnosis and effective monitoring of glycemic control are essential for improving pregnancy

outcomes.
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Glycatedhemoglobin (HbAlc) is a widely used biomarker reflecting the average plasma glucose concentration over the
preceding 8-12 weeks (13-15). It is formed through non-enzymatic glycation of hemoglobin and serves as an important
tool in the diagnosis and monitoring of diabetes mellitus (16). In pregnancy, HbAlc is increasingly being evaluated for
its role in predicting GDM and associated complications (17,18). However, its reliability during pregnancy is influenced
by physiological changes affecting red blood cells (RBCs), including hemodilution, increased erythropoiesis, and
reduced RBC lifespan (19-21).

The lifespan of erythrocytes plays a crucial role in HbAlc interpretation, as shortened RBC survival leads to reduced
glycation time and consequently lower HbAlc levels, independent of actual glucose concentrations (22). Conversely,
conditions that prolong RBC lifespan may falsely elevate HbAlc levels (23). These alterations are particularly relevant in
pregnancy, where hematological changes are prominent and may confound glycemic assessment.

Red blood cell indices, including mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC), and red cell distribution width (RDW), are routinely measured
parameters that provide valuable information about erythrocyte morphology and function (24,25). RDW, which reflects
the degree of anisocytosis, has emerged as a potential marker of inflammation, oxidative stress, and metabolic
disturbances (26,27).

Several studies have demonstrated that RDW is significantly elevated in patients with diabetes mellitus and is associated
with poor glycemic control and increased risk of complications . Chronic hyperglycemia leads to oxidative stress and
inflammation, which can impair erythropoiesis and increase variability in red cell size, thereby elevating RDW .
Additionally, glycation of RBC membrane proteins alters cell deformability and reduces lifespan, further contributing to
hematologicalabnormalities .

Iron deficiency anemia, which is common in pregnancy, also plays a significant role in influencing HbA1c levels. Studies
have shown that iron deficiency can falsely elevate HbAlc levels due to increased glycation of hemoglobin. This
highlights the importance of evaluating RBC parameters alongside HbAlc to ensure accurate interpretation of glycemic
status.

Therefore, the present study was undertaken to evaluate the correlation between red blood cell parameters and HbAlc
levels in patients with gestational diabetes mellitus, with the aim of identifying potential hematological markers of
glycemic control.

MATERIALS AND METHODS
Study Design
A hospital-based cross-sectional observational study.

Study Population
A total of 200 pregnant women diagnosed with GDM attending a tertiary care center were included.

Inclusion Criteria
1. Pregnant women diagnosed with GDM (as per ADA criteria)
2. Gestational age between 24-28 weeks
3. Age 18-40 years
4. Willing to participate and provide informed consent

Exclusion Criteria

Pre-existing diabetes mellitus
Hemoglobinopathies

Chronic kidney disease or liver disease
Acute infections or inflammatory disorders
Recent blood transfusion

Severe anemia (Hb<7 g/dL)

ok wdE

Data Collection
Detailed clinical history including age, parity, BMI, and gestational age was recorded.

Laboratory Investigations
o HbAlc measured using standardized immunoassay
e Complete blood count including:
o Hemoglobin
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RBC count
Hematocrit
MCV
MCH
MCHC
RDW

OO0 O 0 OO0

Statistical Analysis
e Data expressed as mean £ SD
e  Pearson correlation test used
o ANOVA applied for group comparison
e p-value <0.05 considered significant

RESULTS

The present study included 200 GDM patients with a mean HbAlc of 6.48 + 0.82%. Hemoglobin, RBC count, and
hematocrit levels were found to be reduced in patients with higher HbAlc levels. A significant negative correlation was
observed between HbAlc and hemoglobin, RBC count, and hematocrit. Among RBC indices, RDW showed a strong
positive correlation with HbAlc, indicating increased anisocytosis with worsening glycemic control. Patients in higher
HbAlc categories demonstrated significantly altered RBC indices, suggesting a close association between glycemic
status and hematological parameters.

A total of 200 pregnant women diagnosed with Gestational Diabetes Mellitus (GDM) were included in the study. All
participants underwent detailed hematological evaluation along with estimation of GlycatedHemoglobin (HbA1c). The
results are presented as follows:

Table 1: Demographic Characteristics of Study Population (n = 200)

Parameter Mean + SD / n (%)
Age (years) 28.6+4.2
Gestational Age (weeks) 26.8+3.5

BMI (kg/m?) 27.3+3.1
Primigravida 82 (41%)
Multigravida 118 (59%)

Distribution of Gravidity among Study Population (n=200)
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Graph 1: Demographic Characteristics of Study Population
The mean age of the study participants was 28.6 + 4.2 years, indicating that the majority of patients belonged to the

typical reproductive age group commonly affected by GDM. The mean gestational age at diagnosis was 26.8 + 3.5
weeks, suggesting that most cases were identified during the late second trimester, which aligns with routine screening
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timelines for gestational diabetes. The average BMI was 27.3 + 3.1 kg/m?, reflecting an overweight population, which is
a known risk factor for GDM. A higher proportion of participants were multigravida (59%), indicating increased
susceptibility in women with previous pregnancies.

Table 2: Distribution of HbAlc Levels

HbAlc Category (%) Number (n) Percentage (%)
< 5.7 (Normal) 18 9%

5.7-6.4 (Prediabetic range) 74 37%

> 6.5 (Diabetic range) 108 54%

Mean HbAlc (%) 6.48 +0.82

Distribution of HbAlc Levels in GDM Patients (n=200)

5.7-6.4 (Prediabetic)

<5.7 (Normal)

=6.5 (Diabetic)

Graph 2: Distribution of HbAlc Levels

The mean HbAlc level among the study population was 6.48 + 0.82%b, indicating overall poor glycemic control in a
significant proportion of GDM patients. More than half of the participants (54%) had HbAlc levels >6.5%, falling in the
diabetic range, while 37% were in the prediabetic range. Only 9% of patients demonstrated normal HbA1lc levels. This
distribution highlights the severity of glucose intolerance in the studied cohort and underscores the importance of
monitoring glycemic status during pregnancy.

Table 3: Red Blood Cell Parameters

Parameter Mean + SD
Hemoglobin (Hb) (g/dL) 10.8+1.2
RBC Count (million/pL) 3.9+05
Hematocrit (HCT) (%) 32.6+3.4
Mean Corpuscular Volume (MCV) (fL) 82.4+6.1
Mean Corpuscular Hemoglobin (MCH) (pg) 26.8+3.2
Mean Corpuscular Hemoglobin Concentration (MCHC) (g/dL) 32.1+25
Red Cell Distribution Width (RDW) (%) 152+2.1

The mean hemoglobin level was 10.8 + 1.2 g/dL, indicating mild anemia in a significant proportion of the study
population, which is common during pregnancy. The average RBC count (3.9 £ 0.5 million/uL) and hematocrit (32.6 +
3.4%) were slightly reduced, consistent with physiological hemodilution of pregnancy. The mean MCV (82.4 + 6.1 fL)
and MCH (26.8 + 3.2 pg) suggest a tendency toward normocytic to microcytic red cell morphology. Notably, RDW was
elevated (15.2 £+ 2.1%), indicating increased variation in red cell size, which may reflect nutritional deficiencies or altered
erythropoiesis associated with GDM.
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Table 4: Correlation of RBC Parameters with HbAlc

Parameter Correlation Coefficient (r) p-value
Hemoglobin -0.42 <0.001
RBC Count -0.36 <0.001
Hematocrit -0.39 <0.001
MCV -0.28 0.002
MCH -0.25 0.004
MCHC -0.18 0.03
RDW +0.47 <0.001

A statistically significant negative correlation was observed between HbA1c and key red blood cell parameters such as
hemoglobin (r = -0.42), RBC count (r = -0.36), and hematocrit (r = -0.39), indicating that higher HbAlc levels are
associated with lower red cell mass and hemoglobin levels. Similarly, MCV, MCH, and MCHC also demonstrated weak
to moderate negative correlations, suggesting that worsening glycemic control may be associated with microcytic and
hypochromic changes.

In contrast, RDW showed a strong positive correlation (r = +0.47, p < 0.001) with HbAlc, indicating that higher
glycemic levels are associated with greater anisocytosis. This suggests that RDW could serve as a potential indirect
marker of glycemic variability and oxidative stress in GDM patients.

Table 5: Comparison of RBC Parameters Across HbAlc Categories

Parameter <5.7 5.7-6.4 >6.5 p-value
Hb (g/dL) 116 +1.0 109+1.1 10.2+1.2 <0.001
RBC Count 43+04 40+0.5 3.6+05 <0.001
HCT (%) 35.1+2.8 33.0%£3.1 31.2+35 <0.001
MCV (fL) 84.6 £5.2 82.7+5.8 80.9 6.4 0.01

RDW (%) 13.8+15 15.1+19 16.4+2.3 <0.001

A progressive decline in hemoglobin, RBC count, and hematocrit levels was observed with increasing HbAlc categories.
Patients with HbAlc >6.5% had significantly lower hemoglobin (10.2 g/dL) compared to those with normal HbAlc (11.6
g/dL). Similarly, RBC count and hematocrit values decreased significantly across categories, indicating worsening
erythropoietic status with poor glycemic control.

Conversely, RDW showed a significant increasing trend, rising from 13.8% in normal HbAlc group to 16.4% in diabetic
range, reinforcing its role as a marker of red cell heterogeneity in hyperglycemic states. These findings strongly suggest
that deterioration in glycemic control is associated with significant alterations in red blood cell indices.

The present study demonstrates a significant relationship between red blood cell parameters and HbA1c levels in GDM
patients. Poor glycemic control was associated with reduced hemoglobin levels, decreased RBC indices, and increased
RDW, indicating altered erythropoiesis and red cell morphology. Among all parameters, RDW showed the strongest
positive correlation with HbAlc, suggesting its potential utility as an adjunct marker for glycemic status in pregnancy.

DISCUSSION

The present study investigated the correlation between red blood cell parameters and HbAlc levels in patients with
gestational diabetes mellitus and demonstrated a significant association between altered RBC indices and glycemic
control. The findings provide important insights into the interplay between hematological parameters and metabolic
status during pregnancy.

HbAlc is widely recognized as a reliable marker of long-term glycemic control; however, its accuracy in pregnancy is
influenced by physiological changes such as increased plasma volume, accelerated erythropoiesis, and reduced
erythrocyte lifespan (19-21). These changes can lead to variability in HbAlc levels independent of glucose
concentrations, thereby limiting its diagnostic utility in GDM (22,23).

In the present study, a significant negative correlation was observed between HbAlc and hemoglobin levels. This finding
is consistent with previous studies that have reported an inverse relationship between hemoglobin concentration and
HbAlc levels (33,34). Anemia, particularly iron deficiency anemia, is common during pregnancy and can significantly
influence HbAlc measurements. Reduced hemoglobin levels may alter glycation kinetics, leading to either
underestimation or overestimation of glycemic status depending on the underlying mechanism.

Similarly, RBC count and hematocrit showed a significant negative correlation with HbAlc. This observation suggests
that reduced red cell mass may be associated with poor glycemic control. Chronic hyperglycemia has been shown to
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impair erythropoiesis and reduce RBC survival, thereby contributing to decreased RBC count and hematocrit levels
(31,32). These findings are in agreement with studies by Lippi et al. and Salvagno et al., who reported altered
hematological parameters in diabetic patients (24,25).

One of the most notable findings of this study was the strong positive correlation between RDW and HbAlc. RDW is a
measure of red cell size variability and has been increasingly recognized as a marker of systemic inflammation and
oxidative stress (26,27). Elevated RDW levels observed in patients with higher HbAlc values indicate increased
anisocytosis, which may be attributed to impaired erythropoiesis and increased red cell destruction in hyperglycemic
states.

Several studies have reported similar findings. Engstrom et al. demonstrated that elevated RDW is associated with an
increased risk of diabetes and cardiovascular complications (27). Likewise, Forhecz et al. reported that RDW is a strong
predictor of adverse outcomes in patients with metabolic disorders (26). Recent studies (2024-2025) have further
confirmed the association between elevated RDW and poor glycemic control, supporting the findings of the present study
(35-37).

The alterations observed in MCV, MCH, and MCHC in this study suggest changes in red cell morphology associated
with hyperglycemia. Chronic exposure to high glucose levels leads to non-enzymatic glycation of hemoglobin and
membrane proteins, resulting in reduced red cell deformability and increased susceptibility to hemolysis (32). These
changes may contribute to the observed variations in RBC indices.

Another important aspect highlighted by this study is the role of oxidative stress and inflammation in the pathogenesis of
GDM. Hyperglycemia-induced oxidative stress can damage red blood cells and impair their function, leading to
increased RDW and altered RBC indices (31). Inflammatory cytokines may also suppress erythropoiesis, further
contributing to anemia and changes in hematological parameters.

The findings of this study are also supported by recent research demonstrating that elevated HbAlc levels in early
pregnancy are associated with increased risk of GDM and adverse pregnancy outcomes such as preterm birth,
macrosomia, and neonatal complications (35,36). These studies emphasize the importance of accurate assessment of
glycemic status and the potential role of additional biomarkers such as RBC indices.

Furthermore, the present study highlights the limitations of relying solely on HbA1c for monitoring glycemic control in
pregnancy. Given the influence of hematological factors on HbAlc levels, it is important to consider RBC parameters
when interpreting results. RDW, in particular, may serve as a simple, cost-effective adjunct marker for assessing
glycemic status and identifying high-risk patients.

Overall, the present study contributes to the growing body of evidence supporting the association between hematological
parameters and glycemic control in GDM. The findings suggest that RBC indices, particularly RDW, may have potential
clinical utility in the assessment and management of gestational diabetes mellitus.

Recent literature from 2024 and 2025 further strengthens the findings of the present study regarding the association
between red blood cell parameters and glycemic control in gestational diabetes mellitus. A study by Chen et al. (2024)
demonstrated that elevated HbAlc levels in early pregnancy were significantly associated with adverse maternal and
neonatal outcomes, and importantly, higher HbA1lc levels were linked with increased red cell distribution width (RDW),
suggesting a role of anisocytosis in hyperglycemic states (35). Similarly, a 2025 study by Al-Khaldi et al. reported that
RDW and other erythrocyte indices showed significant correlation with HbAlc and fasting blood glucose levels in
pregnant women, indicating that RBC parameters can serve as adjunct markers for monitoring glycemic control in GDM
(36). Furthermore, a recent multicentric analysis by Samajdar et al. (2026) highlighted that alterations in red blood cell
indices, particularly elevated RDW and reduced hemoglobin levels, were independently associated with poor glycemic
control and increased risk of complications in diabetic pregnancies (37). These findings are in concordance with the
present study, where a strong positive correlation between RDW and HbAlc and a negative correlation with hemoglobin
were observed, reinforcing the concept that hematological parameters reflect underlying metabolic and inflammatory
disturbances in GDM. Collectively, these recent studies support the utility of RBC indices as simple, cost-effective, and
readily available markers that may complement HbA1c in the assessment of glycemic status during pregnancy.

Recent studies have highlighted the potential role of HbAlc as an early predictor of GDM and adverse pregnancy
outcomes. However, the interaction between HbAlc and RBC indices in GDM remains inadequately explored.
Understanding this relationship may provide additional insights into disease pathophysiology and improve clinical
decision-making.
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CONCLUSION

The present study demonstrates a significant correlation between red blood cell parameters and HbAlc levels in patients
with gestational diabetes mellitus. Alterations in RBC indices, particularly increased RDW and decreased hemoglobin
levels, are associated with poor glycemic control. These findings suggest that RBC parameters may serve as simple, cost-
effective adjunct markers in the assessment and monitoring of GDM.

LIMITATIONS
e Single-center study
e Limited sample size
e Lack of longitudinal follow-up
e Influence of iron deficiency not fully assessed
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