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ABSTRACT

Background: Gestational Diabetes Mellitus (GDM) affects up to 14% of pregnancies globally,
with accurate glycemic control critical for preventing adverse outcomes. While HbAlc is a
standard marker for long-term glucose control, its reliability in pregnant women with anemia
is debated. This study explores the association between anemia and glycemic indicators
(Glycosylated hemoglobin HbAlc, Random plasma glucose (rPG), and Estimated average
glucose (eAG) in pregnant women with GDM. Additionally, it examined the correlation
between average glucose levels or eAG, measured by random plasma glucose rPG, and
HbA1C.

Methods: A prospective case-control study was carried out over eight months at the
Departments of Chemical Pathology and Obstetrics and Gynecology, Dow University of
Health Sciences (DUHS). Pregnant women in their second trimester after being diagnosed for
GDM through oral glucose tolerance test were classified into anemic (hemoglobin < 10.5 g/dL)
and non-anemic groups. Blood samples were collected and analyzed for HbAlc, hemoglobin,
and random plasma glucose levels. Data were processed using SPSS (version-26) different
variables compared by using independent t-test and correlation analyses at a significance level
of p <0.05.

Results: Mean values for eAG, HbA1C, and rPG were 174.22 + 24.489 mg/dl, 8.342 + 1.6152%,
and 166.21 + 21.478 mg/dl, respectively. Anemia was associated with significantly higher
HbA1C (p < 0.001), eAG (p < 0.001), and rPG (p = 0.004). A strong positive correlation was
observed between eAG and rPG (r = 0.958, p < 0.01), while eAG showed a moderate
correlation with HbA1C (r = 0.501, p < 0.01). In contrast, the correlation between HbA1C and
rPG was weaker (r = 0.331, p < 0.01).

Conclusion: eAG proved to be a good indicator for assessing glycemic control in pregnant
non-anemic women with GDM. Anemia significantly affected glycemic metrics, leading to
higher HbA1C and glucose levels.

Keywords: Gestational diabetes mellitus, estimated average glucose (eAG), HbA1C, random
plasma glucose (rPG), anemia.
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Introduction

Gestational diabetes mellitus (GDM) is a
significant global health concern affecting
pregnant women, particularly between 24
and 28 weeks of gestation (1). Prevalence of
GDM varies widely across different
populations, ranging from 1% to 28% (2).
According to the International Diabetes
Federation (IDF), GDM affects about 14.0% of
pregnancies globally, which equals around 20
million births annually. The implications of
GDM extend beyond pregnancy, as affected

mothers are at an increased risk of
developing
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gestational hypertension and pre-eclampsia
and may require Cesarean sections for
delivery.

Moreover, gestational diabetes mellitus
(GDM) increases the risk of long-term health
issues such as cardiovascular disease,
obesity, =~ and impaired carbohydrate
metabolism. This can predispose both the
mother and the child to type 2 diabetes
mellitus (T2DM) later in life (1, 3).

During pregnancy, physiological changes
significantly ~affect parameters such as
hemoglobin and blood glucose levels.
Hemoglobin A1C (HbA1C) and average
glucose levels have been extensively studied,
with  recent advancements including
continuous glucose monitoring (CGM) for a
more accurate representation (4, 5).
Accurately assessing glucose control is
crucial for pregnant women with diabetes, as
tight glucose control positively affects
maternal and fetal health outcomes.. HbAlc
is widely recognized as a key marker for
long-term glycemic control, reflecting the

average plasma glucose level over the
lifespan of red blood cells (about 120 days)
(6). Despite its utility in general diabetes
management, HbAlc's effectiveness in
monitoring GDM is debated (7-10). It is
influenced by various factors and may not
accurately reflect glucose control during
pregnancy. HbAlc is formed through the
non-enzymatic binding of glucose to
hemoglobin, and its concentration depends
on both plasma glucose levels and red blood
cell lifespan.  Conditions such as
hemoglobinopathies can affect HbAlc
measurements, highlighting the need for
cautious interpretation of HbAlc levels in
pregnant  patients (11). Despite its
widespread use in clinical practice, these
factors contribute to the uncertainty of
HbA1C's role in blood glucose assessment
during pregnancy.

Anemia, defined by hemoglobin levels < 10.5
g/dL during the second trimester, is another
common condition complicating pregnancy.
Anemia could affect the interpretation of
HbA1C, a marker for long-term glycemic
control (12). HbA1C reflects average blood
glucose levels over the previous two to three
months but could be compromised by
changes in red blood cell turnover during
pregnancy (12, 13). The Estimated Average
Glucose (eAG), calculated from HDbA1C
levels, provides an intuitive metric for
assessing glycemic control. However, the
validity of eAG in pregnant populations,
especially those with anemia, requires further
investigation (14).
Understanding  the
hemoglobin on the HDbAIC and eAG
relationship is crucial for healthcare
providers managing glycemic control in
pregnant individuals. Accurate blood glucose
level assessment is vital for managing
conditions such as GDM. This study

influence of low
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investigated the association between anemia
and glycemic control indicators (HbA1C,
Random Plasma Glucose rPG and eAG) in
diabetic pregnant women. Furthermore, this
study also finds the correlation between rPG,
eAG and HbA1C.

Methods

This case-control study (Cases were anemic
gestational diabetic women, and control
subjects were non-anemic gestational diabetic
women) was after approval from the
Institutional Review Board committee (IRB
Ref no IRB- 3430
/DUHS/ Approval/2024/122). The study
was conducted over six months (from 1-3-
2024 to 31-8-2024) at the Department of
Chemical Pathology in collaboration with the
Department of Gynecology and Obstetrics at
Dow University of Health Sciences (DUHS).

The study included pregnant women in their
second trimester. Women with a history of
pre-pregnancy diabetes, hemoglobinopathies,
or chronic illnesses such as liver or renal
disease, hypertension, or autoimmune
diseases were not included in the study. The

participants ~ were  recruited  through
purposive sampling from the gynecology and
obstetrics outpatient department (OPD).

WHO sample size calculator is used to find
the sample size. To obtain reliable results, it's
essential to consider a confidence level of
95% and a margin of error. Our results
include a 5% margin of error and a sample
size 112. The study comprised two groups:
Non-anemic and anemic pregnant women
diagnosed with GDM via the Oral Glucose
Tolerance Test (OGTT).

Based on the American Diabetic Association
criteria, which include fasting blood glucose
levels between 92 and 125 mg/dl, a 1-hour
post-glucose load of >180 mg/dl, and a 2-
hour post glucose load between 153 and 199
mg/dl (15,16). Anemia was defined as

hemoglobin levels < 10.5 g/dL during the
2nd trimester of pregnancy (12).

Upon obtaining informed written consent, 5
ml of blood was withdrawn from each
patient. Blood samples were analyzed for
HbAlc, hemoglobin, and random plasma
glucose (rPG) levels. The eAG was calculated
using the Al1C-derived average glucose
(ADAG) equation (17). Sociodemographic
information, past medical history, and
medication history were collected using a
predefined proforma.

Data entry and analysis were conducted
using SPSS version 22.0. For continuous
variables, means and standard deviations
(SD) were calculated, while categorical
variables were summarized using
frequencies and percentages. To compare
eAG and HbAlc levels between the anemic
and non-anemic groups, we used the
independent sample t-test. We assessed the
relationships  between variables using
Pearson correlation coefficients. P values
<0.05 were considered significant.

Results
The study included 112 women with
gestational diabetes. Among them, 67 (59.8%)

were anemic while 45 (40.2%) were non
anemic. The distributions of different
variables among anemic and non-anemic
patients are shown in table 1.

Iron supplementation greatly impacts the
status of anemia. Iron supplementation
decreases the frequency of anemia. There
were statistically significant differences
observed between anemic and non-anemic
GDM patients on iron supplementations with
p-value 0.04 as shown in figure 1.
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Table 1: Demographics of Women with gestational diabetes

Characteristics Anemia
Present N (%) Absent N(%)

Age

18-25 years 31 (46.3) 17 (37.8)

26-35 years 36 (53.7) 28 (62.2)
Previous Pregnancy

Yes 44 (65.7) 23 (51.1)

No 23 (34.3) 22 (48.9)
Past GDM

Yes 12 (17.9) 9 (20.0)

No 55 (82.1) 36 (80.0)
Complications in Pregnancy

Yes 27 (40.3) 25 (55.6)

No 40 (59.7) 20 (44.4)
Iron Supplementation

Yes 31 (46.3) 13 (28.9)

No 36 (53.7) 31 (71.1)
Glucose Monitoring Frequency

Daily 8 (11.9) 11 (24.4)

Weekly 34 (50.7) 20 (44.4)

Occasionally 15 (22.4) 10 (22.2)

Rarely 10 (14.9) 4 (8.9
Oral hypoglycemic Medication

Yes 43 (64.2) 32 (71.1)

No 24 (35.) 13 (28.9)

H Iron supplementation
p-value: 0.04

 No supplementation

40
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Figure 1: Iron supplementation between anemic and
non-anemic patients
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The independent sample t test was applied to
find the possible differences among different
variables in anemic and non-anemic GDM
patients. The analysis revealed that the mean
HbA1C was significantly higher in the

anemic group (meantSD = 9.397+1.01)
compared to the non-anemic group
(meantSD = 6.771£0.90), the difference is

highly statistically significant with p-value
<0.001 and 95% CI -32.95-16.74. Similarly, the
eAG and rPG were significantly higher
among anemic group as compared to non-
anemic group with p-values <0.001 and 0.008
respectively. The details of each parameter
are summarized in table 2.
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Table 2: Glycemic Control Indicators in Diabetic Pregnant Women

Anemia N Mean * SD P-value 95% CI
HPbALC o = e <0.001 32.95-16.74
eAG (mg/dI) 56(; ‘é? 122?2322 <0.001 33.74-15.89
"
s SR

The strongest correlation was observed
between eAG and rPG (r = 0.958), followed
by eAG and HbA1C (r = 0.501), and lastly,
HbA1C and rPG (r = 0.331) (Table 3). These
findings indicate that eAG is the most
reliable indicator of glycemic control in this
study population, making it a superior
measure for assessing blood glucose levels in
pregnant women with GDM compared to
HbA1C.

Table 3: Pearson Correlation Coefficients between
Glycemic Control Indicators in GDM Patients

Glycemic eAG HbA1C PG
Indicator
eAG 1 0.501** 0.958**

(p=0.000%* | (p=0.000**
") ")

HbA1C 0.501** 1 0.331**
(p=0.000** (p=0.000**
") ")
PG 0.958** 0.331** 1

(p=0.000** | (p=0.000**
*) *)
**Correlation is significant at the 0.01 level (2-tailed)
*** Pearson Correlation Coefficient

Discussion

Effective glycemic control in pregnant
women with GDM is crucial to minimize
adverse outcomes. Traditionally, HbA1C has
served as the gold standard for assessing
long-term  glycemic control. Emerging
evidence suggests that alternative indicators
like eAG may offer additional advantages,

particularly in reflecting real-time glucose
levels. This study sought to examine the
impact of anemia on various glycemic control
indicators —HbA1C, rPG, and eAG—while
exploring the relationships between these
measures.

Our study found that the mean eAG was
174.22 + 24.489 mg/dl, the mean HbA1C was
8.342 + 1.6152%, and the mean rPG was
166.21 + 21.478 mg/dl. These values are
consistent with those reported in similar
studies of diabetic pregnant women (9, 15),
indicating that our sample's glucose levels
were elevated, as expected in GDM cases.
The high mean eAG and rPG levels
emphasize the importance of effective
glycemic management in this population.

A significant finding from our study was the
impact of anemia on glycemic control
indicators. Anemic participants exhibited
significantly higher mean HDbA1C (9.397)
compared to non-anemic participants (6.771),
with a mean difference of -2.626 (p < 0.001).
Also, eAG and rPG levels were markedly
elevated in the anemic group. These findings
suggest that anemia exacerbates
hyperglycemia, likely due to altered red
blood cell turnover affecting HbA1C readings
and  potentially  influencing  glucose
metabolism. Our results align with existing
literature, which suggests that anemia can
distort HbA1C measurements, resulting in
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higher observed values in anemic individuals
(16-18).

The study observed a robust positive
correlation between eAG and rPG (r = 0.958,
p < 0.01), indicating a high degree of
alignment between these two measures of
glucose levels. This finding supports the
notion that eAG is an effective real-time
indicator of blood glucose levels and
correlates closely with random glucose
measurements. Previous studies reported
similar results (9), which also found a strong
correlation between eAG and rPG,
reinforcing eAG’s reliability in reflecting
current glucose levels.

The moderate positive correlation between
eAG and HDbAIC (r = 0501, p < 0.01)
suggests a moderate association between
these measures. While eAG indicates current
glucose levels, HbA1C offers additional
insights into long-term glucose control. This
moderate correlation is consistent with other
research suggesting that eAG and HbA1C
measure different aspects of glucose control
9).

Conversely, the weaker positive correlation
between HbA1C and rPG (r = 0.331, p < 0.01)
indicates that HbA1C is less reflective of real-
time glucose levels compared to eAG. This
finding aligns with research suggesting that
HbA1C, while helpful in assessing long-term
glucose trends, may not capture fluctuations
in blood glucose levels as effectively as eAG
(19).

The significant association between anemia
and elevated HbA1C, eAG, and rPG levels in
our study underscores the impact of anemia
on glycemic control indicators. Specifically,
the mean HbA1C was significantly higher in
anemic participants, and eAG and rPG levels
were alsoelevated. These results are
consistent with the findings of Hashimoto et
al. (20), who reported elevated HbA1C levels

in late pregnancy attributed to increased iron
deficiency. This suggests that anemia may
confound glycemic control measurements,
leading to falsely high HbA1C values.

Our findings corroborate those of Coban ef al.
(21), who observed that iron deficiency could
result in falsely high HbA1C Ilevels.
However, our findings contrast with those of
Firatet al. (22), who noted a decrease in
HbA1C levels during the first half of
pregnancy. The discrepancy may be
attributed to variations in the stages of
pregnancy or differences in anemia severity
across studies.

Overall, this study emphasizes the significant
impact of anemia on glycemic control
indicators and endorses using eAG as a more
reliable measure of real-time glucose levels
compared to HbAIC. These findings have
implications for managing diabetes in
pregnant women, emphasizing the need to
consider anemia when evaluating glycemic
control.

Conclusion

In conclusion, eAG emerges as the most
reliable indicator of glycemic control among
the three measures assessed in this study,
particularly for real-time glucose monitoring
in non-anemic gestational diabetic women.
The impact of anemia on HbA1C and glucose
levels highlights the importance of
considering anemia status when evaluating
glycemic control. These findings support
using eAG for more accurate glycemic
monitoring in non-anemic preghant women
with GDM.
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