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Abstract

Introduction: Diabetes is a common medical complication that women may experience during
pregnancy. HbA1c can indicate the glycemic history and glucose levels over the past two to three
months. This study investigated the correlation between HbATc and the control of gestational
diabetes as well as maternal and fetal complications.

Methods: This cross-sectional study included 146 pregnant women diagnosed with GDM via
OGTT at>24 weeks of gestation, referred to Besat Hospital, Sanandaj, between 2017-2019.
FBS, 2-hour postprandial glucose, and HbATc were monitored every 4 weeks from 24 weeks
until delivery. Maternal complications (preeclampsia, cesarean delivery, preterm birth) and
neonatal complications (macrosomia, [IUGR, hypoglycemia) were assessed. Data were analyzed
using SPSS v.21 with Fisher’s exact test and t-test.

Results: The study revealed that only 9 (6.2%) pregnant women with gestational diabetes had
an HbATc level higher than 6%. All women with an abnormal HbATc had preeclampsia (22.2%
versus 2.2%). Fisher’s exact test showed that there was a significant relationship between HbA1c
levels greater than 6% and preeclampsia (P=0.03), the need for insulin therapy (P<0.0001),
cesarean section rate (P<0.0001), and neonatal hypoglycemia (P=0.016). There was no
statistically significant relationship between maternal age (P=0.09), body mass index (P=0.14),
preterm labor (P=0.4), birth weight (P=0.1), and maternal HbATc.

Conclusion: According to our study, an HbAlc level of 5% is the ideal cutoff point during
pregnancy. The study also found that if the HbATc levels exceed 6% in pregnant women with
gestational diabetes, it may increase the risk of preeclampsia, cesarean section, and neonatal
hypoglycemia.
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Introduction include advanced maternal age, obesity, ethnicity, a family

Diabetes is a common medical complication that can
occur during pregnancy. Two types of diabetes can affect
expectant mothers: overt diabetes, which is diagnosed
before pregnancy, and gestational diabetes, which is
diagnosed during pregnancy. Both conditions pose risks
to the health of the mother and baby.'?

Insulin needs to increase during pregnancy due to
greater caloric intake, weight gain, and placental hormones
like growth hormone and lactogen. As pregnancy
progresses, pancreatic p-cell mass rises to meet insulin
demand. Inadequate P-cell expansion and insufficient
insulin secretion can lead to gestational diabetes mellitus
(GDM). The risk factors for GDM are clearly defined and

history of type 2 diabetes, previous occurrences of fetal
or neonatal death, congenital anomalies, prematurity, or
macrosomia.’

Gestational diabetes is typically diagnosed using an
oral glucose tolerance test (OGTT) conducted between
24 and 28 weeks of gestation in pregnant women who
initially have normal blood sugar levels.* According to
a systematic review and Meta-analysis conducted by
Behboudi-Gandevani et al. the overall prevalence of
gestational diabetes in Iran was 10.6%.

Gestational diabetes is usually screened for between 24
and 28 weeks of pregnancy in women who have normal
fasting glucose levels in the first trimester. The screening
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process involves two stages. First, a blood glucose test
is performed after the patient consumes 50 grams of
oral glucose (the Glucose Challenge Test, or GCT). If
the GCT result exceeds 140 mg/dL, a second testing
stage is conducted using either a 100-gram or 75-gram
Oral Glucose Tolerance Test (OGTT).® Complications
associated with gestational diabetes in mothers can include
hypertensive disorders, preterm labor, fetal damage, and
neonatal complications. These neonatal complications
may consist of intrauterine growth restriction (IUGR),
macrosomia, shoulder dystocia, and hypoglycemia at
birth. In addition, there is an increased risk of obesity in
childhood and a higher likelihood of developing overt
diabetes later in life.5”

The first step in treating gestational diabetes mellitus
(GDM) is to change lifestyle and diet, which in many
cases is the only intervention necessary.® To reduce
complications, managing maternal weight, providing
nutritional therapy, encouraging physical activity, and
monitoring glucose levels before considering medication
options are important.’

The first-line treatment for gestational diabetes, after
lifestyle changes fail, is insulin, which is FDA-approved.®

ACOG recommends metformin as the preferred oral
antihyperglycemic agent for women who decline insulin
therapy or are unable to afford or safely use insulin.®

Research indicates that effectively managing mild
gestational diabetes mellitus (GDM) has significant
benefits. Treating GDM can reduce the rates of
preeclampsia, cesarean sections, macrosomia, shoulder
dystocia, large-for-gestational-age infants, and respiratory
distress syndrome. However, it’s important to note that
controlling GDM does not significantly lower the risk of
small-for-gestational-age infants. This lack of impact may
be attributed to overtreatment and occurrences of clinical
neonatal hypoglycemia, as well as potential long-term
metabolic issues for the offspring.”

Glycated hemoglobin (HbAlc) was first identified by
Huisman in 1958."" Elevated levels of HbAlc in diabetic
patients were later reported by Rahbar in 1969."* The
HbAlc level reflects average blood glucose over two
to three months, indicating glycemic control and its
association with long-term diabetes complications."
During the first and second trimesters of pregnancy,
HbA1c levels decrease; in the third trimester, they tend
to increase. Generally, about 80% of total hemoglobin
is glycated. It’s important to note that HbAlc levels are
typically lower during pregnancy than non-pregnant
individuals, reaching up to 5% in the first trimester and
6% in the second trimester.”” The mean HbAlc level in
nondiabetic women is 5.4+ 0.5%, while it is 6.2+0.6% in
women with gestational diabetes mellitus (GDM). For
diabetic patients with adequate glycemic control, their
HbAlc levels are similar to those of normoglycemic
individuals.*

According to a retrospective cohort study, pregnant
women with HbAlc levels ranging from 5.7% to 6.4%
at 20 weeks of gestation had a higher risk of developing

GDM (gestational diabetes mellitus) compared to those
with normal HgbAlc values, with 27.3% and 8.7%,
respectively.® The recommended glucose level during
pregnancy is a fasting blood glucose of 90 mg/dL and a
2-hour post-prandial level of 120 mg/dL, corresponding
to an HbAlc level of 5.3%.'>!¢ While the HbA1c level is
important as a prognostic tool, it is still unknown what
the appropriate cutoff for HbAlc is in controlling patients
with gestational diabetes and minimizing fetomaternal
complications.” This study aims to determine the
appropriate HbAlc cutoff for controlling gestational
diabetes and reducing maternal and fetal complications.

Methods

This was cross-sectional study conducted on pregnant
women diagnosed with gestational diabetes via a glucose
tolerance test at 24 weeks of gestation.Considering
the prevalence of gestational diabetes of 10.5%, a 95%
confidence level and a test power of 95%, the minimum
sample of 145 people was determined. These people were
selected through available sampling. We used the formula
for sample size:

n:[ZZXP(l—p)]
E2

n=145.44

These women were evaluated in a high-risk prenatal
clinic in Sanandaj between 2017 and 2019. Inclusion
criteria included examined pregnant women diagnosed
with gestational diabetes via a glucose tolerance test at
24 weeks of gestation and exclusion criteria included
chronic hypertension, overt diabetes, twin pregnancies,
and underlying diseases such as lupus or renal failure, and
the use of corticosteroid therapy.

Written informed consent was obtained from all
pregnant women at gestational week 24 prior to their
enrollment in the study.

The diabetic patients were initially treated with a
diet and then monitored weekly for their fasting blood
sugar (FBS) and glucose levels two hours postprandial,
with HbAlc measurements every four weeks starting
from 24 weeks of gestation. The patients were followed
until delivery to assess insulin requirements and any
fetomaternal complications, including preeclampsia,
cesarean delivery, preterm delivery, maternal and fetal
macrosomia, intrauterine growth restriction (IUGR), and
neonatal hypoglycemia.

SPSS version 21 was used to assess the recorded data.
Fisher’s exact test assessed the relationship between
HbA1lc levels and maternal and fetal complications. A
t-test was conducted to compare continuous variables,
specifically normal versus abnormal HbA1c test results.

Results
The study investigated 146 pregnant women with
gestational diabetes and found that 2.6% of them had
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HbAlc levels exceeding 6%. An independent t-test
revealed no significant differences in HbAlc levels when
considering factors such as maternal age, gravidity, parity,
and body mass index (Table 1).

Approximately 20.5% of patients had a history of
diabetes in their previous pregnancies, while 5.29% had a
family history of the condition. Patients with HbAlclevels
greater than 6% faced a higher risk of complications from
gestational diabetes compared to those with lower levels.
Furthermore, those with a history of previous gestational
diabetes were more likely to have HbAlc levels above 6%
(see Table 1). No complications were observed in patients
whose HbAIc levels were less than 5%.

The study found that 3.4% of participants had abnormal
blood pressure levels. Among those with HbAlc levels
above 6%, the incidence rates for severe preeclampsia,
macrosomia, and low birth weight infants were higher,
recorded at 22.2% for each condition. In contrast, patients
with HbAlc levels below 6% had incidence rates of 22.2%
for severe preeclampsia, 5.1% for macrosomia, and 3.6%
for low birth weight infants (Tables 2-3).

The study found that only the incidence of preeclampsia
was statistically significant, with a p-value of 0.03.

We found no cases of preterm labor in women with
HbAlc levels above 6%. However, the cesarean section
rate was significantly higher at 77.8% compared to 14.6%
in women with normal HbAlc levels (P=0.0001) (see
Table 3).

Many patients were able to manage their gestational
diabetes through diet alone, while some required insulin
therapy (P=0.0001). Among the patients, 10 (7.3%)
pregnant women with HbAlc levels lower than 6%
initiated insulin therapy, and 3 (2.2%) switched from
insulin therapy to dietary management during their
pregnancy. In contrast, with HbAlc levels above 6%, 20

Glycated hemoglobin and pregnancy outcome

The incidence of insulin therapy was significantly higher,
at 55.6%, for women with HbAlc levels above 6%,
compared to just 3.6% for those with levels below 6% (refer
to Table 3). Additionally, neonates born to mothers with
HbA1Ic levels above 6% had a higher rate of hypoglycemia
(P=0.01) (see Table 4).

Discussion

This study aims to determine the appropriate HbAlc
cutoft for controlling gestational diabetes and reducing
maternal and fetal complications. According to the study,
an HbAlc level of 5% during pregnancy is the optimal
cutoff point. It was found that HbAlc levels greater than
6% observed in 2.6% of pregnant women with gestational
diabetes may increase the risk of several complications,
including preeclampsia, cesarean section, and neonatal
hypoglycemia. Additionally, higher HbAlc levels result
in an increased risk of maternal, fetal, and neonatal
complications such as preeclampsia and preterm delivery.
Conversely, when HbA1c levels were below 5%, there were
no reported maternal, fetal, or neonatal complications.

While HbAlc cannot be used as an alternative test
for OGTT in the screening and diagnosis of gestational
diabetes,'® Muhuza et al. showed it is a suitable method for
predicting adverse pregnancy outcomes.' However, there
is not enough evidence to support the use of serial HbAlc
tests during pregnancy for predicting adverse pregnancy
outcomes.

A study by Sherwani et al. found that HbAlc levels
exceeding 4.5-4.9% during mid-pregnancy were
significantly linked to increased risks of gestational
hypertension or preeclampsia, preterm delivery, neonatal

Table 3. Relationship between glycosylated hemoglobin and pregnancy
outcomes

(14.6%) pregnant women on a diet who had advanced HbA1c
. .\ . . Variables p*
gestational age needed to transition to insulin therapy. HbATc<6% HbATC>6%
Timelor Preterm 10(7.3%) 0 04
Table 1. Relationship between glycated hemoglobin and baseline maternal Delivery T 127(92.7%) 9(100%) ’
characteristics
e Type of Cesarean Section 20(14.6%) 7(77.8%) 0.0001
C . .
Variables p* Delivery Normal Delivery 117(85.4%) 2(22.2%)
HbA1c<6% HbA1c>6% i
Insulin 5(3.6%) 5(55.6%)
Age 29.9+4.3 32.9+5.8 0.09 Di . . o
TreEionam iet to Insulin 17(12.4%) 3(33.3%) 0.0001
Gravidit 1.1+1.1 22+1.2 0.4 ¢ o
Y Regimen  ngulin to Diet 32.2%) 0
Parity 0.7+0.8 1+1.1 0.46 X
Diet 112(81.8%) 1(11.1%)
Body Mass Index 37.5+3.2 29.6+4.6 0.14 “Fisher's exact-tost
iy of Pisians 68 27(19.7%) 3(33.3%) 0.39
Gestational Diabetes 110(80.3%) 6(66.7 %) Table 4. Relationship between glycosylated hemoglobin and neonatal
- outcomes
*t-test and Fisher’s exact-test.
HbA1c
i %
Table 2. Relationship between glycosylated hemoglobin and Preeclampsia Variables HbA1c<6% HbATc>6% P
HbA1c >4000g 7(5.1%) 2(22.2%)
Variables P* Negnatal 0.1
HbATc< 6% HbA1c>6% Weight <4000g 130(94.9%)  7(77.8%)
No 134(97.8%) 7(77.7%) 0.03 Neonatal Abnormal (BS<40)  7(5.1%) 3(33.3%)
Preeclampsia lood ol 0.01
Sever 3(2.2%) 2(22.2%) Blood glucose  Normal (BS>40) 130(94.9%) 6(66.7%)
*Fisher’s exact-test. *Fisher’s exact-test.
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intensive care unit admissions, low birth weight, and
macrosomia.’? Wong et al’s study found that women
diagnosed with gestational diabetes mellitus (GDM)
and with elevated HbAlc levels (>5.4%) required close
monitoring throughout their pregnancy.

Old studies demonstrated in 2010 that HbAlc levels
above 7% can predict preterm delivery in diabetic pregnant
women.?! According to the study, none of the women with
abnormal HbA1lc levels experienced preterm labor, as all
patients had levels below 7%. However, a survey conducted
by Akhlaghi and colleagues found that 26.7% of diabetic
pregnant women experienced preterm labor.?>*

There is a correlation between the mode of delivery and
maternal HbAlc levels. In this study, 77.8% of patients
with an HbAlc level above 6% underwent Cesarean
sections, while only 14.6% of those with an HbAlc level
below 6% had the same outcome. Ducarme and Sweeting
reported increased risk of cesarean section and a significant
relationship was also observed between cesarean delivery
and neonatal morbidity.**** Higher maternal HbA1lc levels
than 5.6% are associated with an increased frequency of
primary Cesarean sections.*** Uncontrolled gestational
diabetes mellitus (GDM) is believed to be the underlying
cause.

In This study, it was found that there is a relationship
between maternal HbAlclevels and the treatment strategy
required during pregnancy. If HbAlc levels are above 6%,
The amount of insulin required has increased by 5.5 times.
A study conducted by Ducarme and colleagues found
that 36% of pregnant women required insulin therapy
for glycemic control.”” Study revealed that HbAlc levels
can be important in determining the need for insulin
therapy. Pertot and colleagues also discovered that while
irreversible factors such as family history, prior GDM, or
baseline glycemia at diagnosis of GDM are important,
HbAlc levels are a significant factor in predicting the
need for insulin therapy.*

A study found that the incidence of macrosomia was
6.5%. Pregnant women with abnormal HbA1c levels had
a higher prevalence of neonatal weights exceeding 4000
grams compared to those with normal HbAlc levels.
Olmos and colleagues reported a significantly increased
risk of neonatal macrosomia in women with HbAlc levels
greater than 6%.” Additionally, an HbAlc level above
5.9% indicates a higher risk of being large for gestational
age, with a risk ratio of 2.7, and macrosomia, with a risk
ratio of 3.5.*

Research has shown that newborns born to mothers
with an HbAlc level above 6% are at a higher risk of
experiencing hypoglycemia compared to those whose
mothers have an HbAlc level below 6%. This increased
risk may be linked to the strict management of blood sugar
levels in the mother during the final weeks of pregnancy.
A study by Kiefer et al. found that for every 6 mmol/mol
(0.5%) reduction in HbAlc, the likelihood of having a
larger-than-average infant decreases by 12%, the risk of
neonatal hypoglycemia decreases by 7%, and the risk of
preterm birth also decreases. However, these benefits

were not seen in cases involving Cesarean delivery or
preeclampsia.®®

Numerous studies have been conducted to establish
an appropriate HbAlc cutoff in gestational diabetes as
a diagnostic or prognostic tool.” These studies have
reported that the HbAlc level cutoff point ranges from
5.3% to 5.7%, with a sensitivity of 95.6% and a low
specificity of 52%.*" In a study involving 321 Korean
women, researchers found that an HbAlc level cutoff
point of 5.05% exhibited 91% sensitivity and 62%
specificity. Based on their findings, the optimal HbAlc
level cutoff point was deemed to be 5%.

One limitation of this study is that the access of pregnant
women to basic health care and fetal health screening,
which could affect maternal and fetal outcomes, could not
be controlled.

It is recommended to conduct the study with a control
group of pregnant mothers who do not have gestational
diabetes.

Conclusion

The study found that patients with gestational diabetes
who have HbAlc levels above 6% are at a higher risk
of experiencing complications such as preeclampsia,
cesarean delivery,and neonatal hypoglycemia. Conversely,
when HbAlc levels are below 5%, no maternal or fetal
complications were observed.
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