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Abstract

AIM: To evaluate the utility of the hemoglobin A1C
(HbA1C) at the first prenatal visit as a triaging tool in
patients at high risk for gestational diabetes (GDM).

METHODS: The HbA1C was obtained at the first pre-
natal visit prior to 20 wk. Women with a HbA1C =
6.5% (group one) were instructed on diet and daily
self-monitoring of blood glucose. Women with a HbA1C
between 5.7%-6.4% (group two) were offered testing
or daily self-monitoring of blood glucose. Women with
a HbA1C < 5.7% (group three) were tested at 24-28
wk. Patients were tested for GDM using the two step
testing and Carpenter and Coustan values as cutoffs.
Medication was started if patients failed to meet glyce-
mic goals of fasting < 95 mg/dL (5.3 mmol/L) and 2 h
postprandial < 120 mg/dL (6.7 mmol/L).

RESULTS: In group one (7 = 16), 15/16 (95%) re-
quired medication to achieve euglycemia. The mean
gestational age at which medication was required was
early at 14 + 6 wk. Postpartum, 14/16 patients (87%)
remained diabetic. Group two contained 82 patients.
Sixty-sixpatients (80%) were given a diagnosis of GDM
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and 52 patients (64%) required medication. The mean
gestational age at which medication was started in
group two was 20 £ 7.8 wk. There were 205 patients in
group three, 18 patients (8.7%) were diagnosed with
GDM and 13 patients (6%) required medication. In
comparison to group three, patients in group one were
220 times more likely to require medication (95%CI:
26.9- > 999, P < 0.0001). Patients in group two were
26 times more likely to require medication (95%CI:
12.5-54.3, P < 0.0001).

CONCLUSION: A HbA1C obtained at the first prenatal
visit can be used to triage patients based on the level
of glucose intolerance found.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Hemoglobin A1C (HbA1C) has been endorsed
by the World Health Organization for use in diagnos-
ing diabetes and also for identifying degrees of glucose
intolerance. This has not been validated in pregnancy.
This study looks at a cohort of patients who received
a HbA1C at the begining of pregnancy to see if the
HbA1C can be used as a triaging tool for identifying
patients with undiagnosed diabetes and for identifying
a degree of glucose intolerance that would benefit from
early intervention. HbA1C = 6.5% is consistent with
preexisting diabetes. HbA1C between 5.7% and 6.4%
demonstrates a level of glucose intolerance associated
with risk of Gestational Diabetes which may benefit
from early intervention.
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INTRODUCTION

Gestational diabetes (GDM) is carbohydrate intolerance
with onset or first recognition during pregnancy. A major
limitation of this definition is the inclusion of women
with undiagnosed preexisting diabetes who are at risk for
complications different from women with diabetes oc-
curring only during pregnancy.

Treatment of gestational diabetes is geared towards
reducing glucose concentrations in order to reduce the
risks to mothers and infants. The Hyperglycemia and
Pregnancy Outcome (HAPO) study demonstrated that
maternal hyperglycemia at levels lower than those diag-
nostic of diabetes were associated with increased birth
weight and cord-blood serum C-peptide levels'". Other
studies have shown that the offspring of diabetic moth-
ers may be programmed to develop obesity and type 2
diabetes by the intrauterine environment™,

Measurement of Hemoglobin A1C (HbA1C) has
been endorsed by the American Diabetes Association
(ADA) as a diagnostic and screening tool for diabetes but
not for GDM™. The World Health Organization (WHO)
has concluded that HbA1C can be used as a diagnostic
test for diabetes if standardized assays are used"”.

Advantages of HbA1C are that it does not require
fasting and is less prone to day to day vatiations. Disad-
vantages ate possible racial differences and interference
by anemia, hemoglobinopathies, and some medications.
HbA1C reflects the average glucose over 2 to 3 mo.

The ADA and WHO recommend using HbA1C =
6.5% as a cut point for the diagnosis of diabetes. Us-
ing the ADA guidelines, patients with HbA1C between
5.7%-6.4% are at an increased risk for diabetes and mi-
crovascular complications and are designated as having
impaired glucose tolerance!”. The WHO expert group
made no formal recommendations on the interpretation
of HbA1C levels below 6.5%"". Howevet, as the HbA1C
rises, the risk of diabetes increases disproportionately in
a curvilinear fashion.

It is not known whether HbA1C between 5.7% and
6.4% confers an increased risk of GDM as it does for
type 2 diabetes. The use of HbAIC = 6.5% for the
diagnosis of diabetes has not been validated during preg-
nancy.

We sought to determine if a HbA1C at the first pre-
natal visit, in women at high risk for GDM, was useful
in identifying women with undiagnosed diabetes or im-
paired glucose tolerance who may benefit from eatly test-
ing and intervention for gestational diabetes.

MATERIALS AND METHODS

All patients received a HbA1C as part of routine prena-
tal labs at the first prenatal visit. Patients with a HbA1C
= 6.5% were counseled on diet, exercise and daily self-
monitoring of blood glucose and were referred to the
diabetes in pregnancy clinic. Patients with HbA1C be-
tween 5.7%-6.4% wete given the choice of immediate
testing for GDM or to begin daily self-monitoring of
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blood glucose. Additionally, they were counseled on diet
and exercise and tested for GDM at 24-28 wk if neces-
sary. Patients with a HbA1C < 5.7% were tested for
gestational diabetes at 24-28 wk. Testing for GDM was
performed using the standard two step testing and Car-
penter and Coustan values were used as cutoffs. Patients
with GDM performed self-monitoring of blood glucose
four times a day: fasting and two hours after each meal.
Glycemic goals were fasting < 95mg/dL (5.3 mmol/L)
and two hour postprandials < 120 mg/dL (6.7 mmol/L).
Medication was started if 20% of values over a two week
period exceeded these goals. Medications used included
insulin and oral antidiabetic agents. All patients with the
first prenatal visit prior to 20 wk were eligible for inclu-
sion. Determination of HbA1C values was done using
the TOSOH G8 AutoHPLC (High Performance Liquid
Chromatograph). This method is approved by the Na-
tional Glycohemoglobin Standardization Program (NGSP)
and is not affected by the presence of hemoglobinopa-
thies or anemia. This method is subject to interference
from the presence of haemoglobin E (HbE). HbE is a he-
moglobin variant most common in persons of Thai, Cam-
bodian, Vietnamese or Laotian descent. The enrollment
period was from October 2011 to March 2012. Patients
with known diabetes were excluded. Data was collected
by chart review after delivery. This study was approved by
the Institutional Review Boatd at the University of New
Mexico as a retrospective cohort study.

Statistical analysis

Statistical analysis was performed using the SAS pack-
age version 9.3. Sample size was chosen assuming that
the incidence of GDM in patients with HbA1C = 5.7
was 15%. In patients with HbA1C < 5.7% the incidence
of GDM was assumed to be 5%. A 2:1 ratio of patients
with HbA1C < 5.7% to patients with HbA1C = 5.7%
was used to compensate for the comparatively low inci-
dence of GDM in the former group. Desired enrollment
numbers were 98 patients with HbA1C = 5.7 % and 196
patients with HbA1C < 5.7%. The study was powered
to have an 80% probability of detecting a difference in
the incidence of GDM between patients with HbA1C
< 5.7% compared to patients with HbA1C = 5.7% at a
significance level of 0.05. Logistic Regression was used to
calculate odds ratios and ANOVA was used to determine
the effect of group on the use of medication and the
week medication was started.

RESULTS

Three-hundred-three patients had sufficient data for
analysis. This included 98 patients with HbA1C = 5.7%
and 205 patients with HbA1C < 5.7% Ethnicity was de-
termined by patient self-reporting; 78% were Hispanic of
Mexican descent, 15% Caucasian, 3% Native American,
1% Asian, 1% African American and 0.68% other. Pa-
tient demographics including age, parity, BMI and ethnic-
ity are shown in Table 1.

Patients were assigned to groups based on HbA1C.
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Table 1 Patient demographics

A1C = 6.5% A1C = 5.7%-6.4% A1C<5.7%
(n =16) (n = 82) (n = 205)
Age 32+6.6yr 28 £4.7 yr 25+4.4yr
Parity 29+1.7 1.7+¢1.1 0.86 +.0.78
BMI 373169 321177 28.8+6.1
Ethnicity Hispanic = 14 Hispanic = 61 Hispanic =162
Caucasian =0 Caucasian = 8 Caucasian = 38
Native Am. =2 Native Am. =6 Native Am. =2
African Am. =0 African Am. =4 African Am. =0
Asian =0 Asian =3 Asian =1
Other =0 Other =0 Other =2

All values are + SD.

Group one (7 = 16) had a HbA1C = 6.5%. Group two
(7 = 82) had a HbA1C between 5.7% and 6.4%. Group
three (7 = 205) had a HbA1C < 5.7%.

We identified 16/303 patients (5.4%) who met critetia
for overt diabetes diagnosed during pregnancy. Ninety-
five percent or 15/16 patients with a HbA1C = 6.5%
(group one) required medication to achieve euglycemia
during pregnancy. Postpartum, 14/16 patients in group
one (87%) were diagnosed with type 2 diabetes based on
a 75 g two hour challenge test.

Fifty-one patients in group two were diagnosed based
on testing. An additional 15 patients in group two were
given the diagnosis of GDM because daily self-monitor-
ing of glucose demonstrated a need for medication to
achieve glycemic goals.

All patients in group one, 66 patients (80%) in group
two, and 18 patients (8.7%) in group three were given a
diagnosis of GDM. To achieve glycemic goals, 94% of
patients in group one, 64% of the patients in group two
and 6% of the patients in group three required medica-
tion. Within each group, of the patients who required
medication, the mean gestational age at which medication
was started was 14 + 6.0 wk in group one (range 6-28
wk), 20 £ 7.8 wk in group two (range 8-35 wk) and 31 + 4.3
wk in group three (range 19-36 wk) as shown in Table 2.

Based on group alone, the odds of requiring medica-
tion to control blood glucose in comparison to group
thee patients who had normal HbA1C values, was
220 times higher in group one (95%CI: 26.9- >999, P
< 0.0001) and 26 times higher in group two (95%CI:
12.5-54.3, P < 0.0001).

DISCUSSION

An A1C drawn at the first prenatal visit is convenient for
the both the patient and provider. The test can be done
as part of routine prenatal labs and does not require
the time commitment of the standard two step testing
and does not require fasting. Our data indicates that the
HbA1C performed at this time will also provide useful
information for the management of the patient who is at
high risk for gestational diabetes.

In patients with overt diabetes, HbA1C has been cor-
related with average glucose concentration as measured
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Table 2 Diagnosis of gestational diabetes and medication use
by group

GDM Required meds Mean gestation
diagnosis n%' %’ at initiation of
n% medication
Group 1° (1 = 16) 16 (100) 15 (95) (95) 14+ 6 wk
Group 2* (n = 82) 66 (80) 52 (64) (80) 20 +7.8 wk
Group 3° (n = 205) 18 (8.7) 13 (6) (72) 31+43 wk

*HbAIC = 6.5%; ‘HbA1C: 5.7%-6.4%; "HbA1C < 5.7%; 'Percentage of
the group that required medication; *Percentage of patients in the group
with a diagnosis of gestational diabetes (GDM) that required medication.
HbA1C: Hemoglobin A1C.

by daily evaluation of capillary blood glucose levels.
However, during pregnancy HbA1C levels have not
been used to manage patients because HbA1C levels
perform poorly in differentiating women with normal
pregnancies from those with GDM. A secondary analy-
sis of the HAPO data was undertaken to determine if
HbA1C measurement could provide an alternative to
the oral glucose tolerance test in pregnant women'”!,
HbA1C measurements were taken at the time of the
oral glucose tolerance test (OGTT). Birthweight > 90"
percentile, primary cesarean section and clinical neonatal
hypoglycemia, preterm delivery, preeclampsia and cord
C-peptide > 90" percentile were evaluated. The authors
concluded that HbA1C was not a useful alternative to
the OGTT because it was not predictive of these adverse
outcomes. Our data suggests that the HbA1C at the first
prenatal visit, if prior to 20 wk, rather than at the time
of the OGTT, can be used to identify women with a
level of glucose intolerance that will benefit from early
modification of diet and exercise and early testing or self-
monitoring of blood glucose. In support of the previous
statement, the mean gestational age of medication initia-
tion in groups one and two of our study, was lower than
the gestational age at which routine testing for GDM is
performed.

In our study we divided patients into three groups
based on the recommendations of the ADA for diagno-
sis: patients with overt diabetes of pregnancy (HbA1C
> 6.5%); patients with impaired glucose tolerance
(HbA1C between 5.7%-6.4%) and normal glucose toler-
ance (HbA1C < 5.7%). Our study appears to support
the clinical relevance of these categories in pregnancy.
Ninety-five percent of patients with HbA1C of 6.5% or
greater and 64% of patients with a HbA1C between 5.7
and 6.4 required medication to achieve euglycemia. This
is consistent with a study by Balaji looking at 255 Asian
women at risk for GDM reported that high (> 6.1%)
and intermediate (5.3%-6%) HbA1C in the first trimester
was associated with an elevated risk of GDM'. In that
study 100% of patients with HbA1C > 6% and 23% of
the patients with intermediate range HbA1C developed
GDM. Gonzalez-Quintero ez al” found that HbA1C of
6% at the time of diagnosis of GDM was associated with
a 61% increase in the odds of insulin use.

One limitation of the study is its retrospective design.
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Retrospective studies in general are subject to selection
bias. We attempted to ameliorate this effect by includ-
ing all patients who met inclusion criteria and for whom
there was sufficient data for analysis. A second limitation
is that 15 patients in group 2, who were labeled as gesta-
tional diabetic, did not receive an oral glucose tolerance
test. These patients performed daily monitoring of blood
glucose and despite counseling on diet and exercise failed
to meet glycemic goals and required medication indicat-
ing a degree of glucose intolerance consistent with the
diagnosis.

The HbA1C = 6.5% identifies women with a degree
of hyperglycemia consistent with preexisting diabetes
who have a high risk of requiring medication to achieve
euglycemia and who may benefit from dietary counseling
and daily monitoring of blood glucose. HbA1C between
5.7%-6.4% identifies women with a degree of glucose
intolerance who may benefit from early testing. These
women ate also at high risk of requiring medication to
achieve euglycemia if diagnosed with GDM. HbA1C <
5.7% is associated with minimal risk of GDM.

COMMENTS

Background

Gestational Diabetes and preexisting diabetes in pregnancy are becoming in-
creasingly more common. Early identification allows intervention with resultant
improved outcomes.

Research frontiers

There is current controversy on the best method of screening for and diagnos-
ing gestational diabetes and preexisting diabetes in pregnancy. In this study the
authors evaluate a hemoglobin A1C (HbA1C) obtained at the first prenatal visit
as a tool for identification of patients who may benefit from early intervention for
glucose intolerance.

Innovations and breakthroughs

This is the first study to look at the use of the HbA1C specifically in pregnant
patients and to use the HbA1C to determine a course of management.
Applications

Data from this study can be used to create protocols for the management of
patients based on the value of the HbA1C obtained at the first prenatal visit.
Terminology

Gestational diabetes: Glucose intolerance with onset or first recognition during
pregnancy. HbA1C: a measure of the amount of glycated hemoglobin. HbA1C
gives a picture of glycemic control over the preceeding 3 mo.
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Peer review

The manuscript studied the utility of HbA1C at the first prenatal visit to detect
the gestational diabetes (GDM) in local population. The study used the ADA and
WHO cutoff to divide over 300 subjects based on HbA1C levels and determine
the risk of GDM and subsequent management. The study identified significant
high detection rate of GDM with high Hb1AC group with over 200 time more
likely to require medication. The results are interesting.
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