Journal of Diabetes Science and Technology ORIGINAL ARTICLES
Volume 2, Issue 3, May 2008

© Diabetes Technology Society

Concealed Maternal Blood Glucose Excursions Correlate
with Birth Weight Centile

Masoud Mark Taslimi, M.D.,! Kasra Navabi, M.D.,*> Reinaldo Acosta, M.D.> Amy Helmer, M.D.,!
and Yasser Y. El-Sayed, M.D.!

Abstract

Background:

The objective of this study was to test the hypothesis that maternal blood glucose excursions correlate with
deviation from optimized birth weight.

Methods:

Patients were recruited for 3-day continuous glucose monitoring (CGM) plus self-blood glucose monitoring
followed by routine diabetes screening at 26-28 weeks gestation. Patients and caregivers were blinded to CGM
results. The magnitude and duration of blood glucose (BG) excursions were measured as a “glycemia index.” A
customized birth weight centile was calculated.

Results:

Twenty-three patients consented, 21 completed the study: 5 diabetic and 16 nondiabetic individuals. The
duration of CGM was 72 (+7.2) hours, and each patient performed self-BG monitoring >3 times per day.
All diabetic and 10 nondiabetic patients had several measured BG excursions above 130 mg/dl. A positive
correlation was observed between birth weight centile and glycemia index above 130 (p < 0.03); the trend
persisted for nondiabetic patients alone (p < 0.05). No significant correlation was noted between birth weight
centile and average 3-day CGM values, 3-day fasting BG, average 3-day self-BG monitoring values, or diabetes
screening BG value.

Conclusions:

The glycemia index has a better correlation with birth weight centile than BG measured by conventional
methods in a mixed diabetic and nondiabetic population. Fetal exposure to maternal blood glucose excursions
correlates positively with fetal growth, even in nondiabetic patients with apparently normal glucose tolerance.
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Introduction

'Iladitionally, metabolic impairment of carbohydrates
(MI-CHO) has been regarded as a categorical disease
entity. The hippocratic definition of diabetes persisted
for more than two millennia until 20th-century scientists
classified diabetes based on duration, pathology, therapy,
and, most recently, pathoetiology categories (e.g., type 1,
type 2, gestational diabetes). Recent investigations have
further focused on studying “prediabetes” and “insulin
resistance” disorders as pathologic entities in and outside
of pregnancy. Insulin resistance (IR) is associated with an
increased risk for obesity, diabetes, hypertension, coronary
artery disease, and poor pregnancy outcome.' IR can be
defined as a categorical or a continuous variable.?® Recent
investigations have focused on the continuous nature of
MI-CHO* similar to observations on impaired cholesterol
metabolism and high arterial pressure. The incidence and
prevalence of most carbohydrate metabolism disorders in
the United States are on the rise®® and are attributed to
population changes in ethnicity, senility, and obesity, as
well as expanded screening.

Recognition of enhanced expression of MI-CHO in
pregnancy has led to routine screening and diagnosis
of gestational diabetes (GDM). Recognition of ethnic
differences in susceptibility to diabetes” and enhanced
susceptibility to become frank diabetic following GDM?®
point to a genetic and/or environmental susceptibility to
MI-CHO in some individuals. Since its first recognition in
1964, criteria for screening, diagnosis, and management
of GDM have evolved toward normalizing blood glucose
(BG) to lower levels. However, the sanctioned 50-gram,
1-hour oral glucose tolerance screen and the diagnostic
2- or 3-hour glucose tolerance tests provide categorized
diagnoses based on a limited number of BG values.
While a categorical definition provides a practical means
of diagnosis and management of the most pathogenic
degrees of MI-CHO, it does not reveal the wide spectrum
of abnormalities based on the frequency and duration of
BG excursions over time. Maternal glucose crosses the
placenta freely and stimulates fetal insulin production.’
A linear correlation exists between maternal and fetal
BG, and evidence shows that maternal diabetes is
associated with increased fetal insulin production.'”
Insulin is the main fetal growth hormone. Diabetes is
associated with fetal overgrowth and an increased rate
of operative deliveries.”*™ It is not known, however, if
concealed maternal hyperglycemia is associated with a
higher birth weight and unplanned operative delivery.
A recently published study showed that continuous

glucose monitoring (CGM), compared to intermittent
capillary self-BG monitoring (SBGM), provided additional
information on BG control in the majority of GDM
patients, which resulted in altered clinical management
decisions.'®

The purpose of this pilot study was to investigate if the
level of concealed maternal BG excursions correlates
with birth weight centile and rate of unplanned
operative deliveries among diabetic and nondiabetic
pregnancies.

Materials and Methods

This prospective observational study was approved
by Stanford University’s institutional review board.
Consecutive patients, regardless of diabetic status, were
recruited at the time of their first visit to the obstetric
clinic at Lucile Packard Children’s Hospital at Stanford
University during the years 2005 and 2006. All patients
had a teaching session when the study was described
in detail and informed consent was obtained. At 26-28
weeks gestation volunteers underwent a 3-day CGM
and SBGM followed by a routine conventional diabetes
screen.

Blood Glucose Measurements

Patients were fitted with a Food and Drug Administration-
approved Paradigm® CGM system (Medtronic MiniMed,
Northridge, CA) and were instructed to also record their
SBGM measures three or more times per day for the next
3 days using a FreeStyle Navigator® BG monitor (Abbott/
TheraSense, Abbott Park, IL). The CGM system measures
the interstitial fluid glucose concentration in 10-second
intervals, averages the values every 5 minutes, and then
calculates a correction factor when the patient enters
the measured SBGM values into the CGM device and
stores a calculated BG value. At the completion of each
patient’s study, digital data were downloaded into
a designated secure personal computer in an Excel
spreadsheet (Microsoft Corporation, Seattle, WA). CGM
data remained undisclosed to the patient, the obstetric
providers, and the investigators. SBGM data were
transparent to the patients and their obstetric providers.
Nondiabetic patients were scheduled for a routine 1-hour,
50-gram glucose load screen, and a venous BG of
>140 mg/dl was followed by a 3-hour, 100-gram
glucose tolerance test per established protocols.
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Per the original study design, we employed a novel
approach to standardize the magnitude of the concealed
BG excursions. From the 3-day CGM values, we calculated
the area under the curve for values above the predefined
cutoffs of 110, 120, 130, and 140 mg/dl. Since the time on
CGM slightly varied among the subjects, we normalized
the aforementioned values to a 24-hour period and
called it a “glycemia index” (GI). The GI values represent
the product of mean BG value above the predetermined
cutoff multiplied by the number of excursion episodes
measured at 5-minute intervals within a 24-hour period.

Birth Weight Measurement

Birth weight centile was calculated through the open-
source Gestation Network GROW program,” which uses
maternal height, gravid weight, ethnicity, parity, fetal
gender, and gestational age. The GROW program assigns
a value of 50 centile for optimal average birth weight
with a range of 0-100.

Statistical Methods

Data were analyzed using t test, %>, Kendall’s tau_b
correlation, and ANOVA.

Results

Twenty-three patients consented, 1 withdrew, and 1 was lost
to follow-up. Twenty-one patients completed the study and
were analyzed. Diabetes status, glycemia index, birth
weight centile, and mode of delivery are shown in Table 1.
Indications for unplanned cesarean delivery (CD) included
failure to progress in labor, nonreassuring fetal heart rate
pattern, or both. Among 16 nondiabetic patients, 1 had
an elevated 50-gram glucose screen but a normal 3-hour
glucose tolerance test and 1 had a strong family history
of type 1 diabetes but normal diabetes screen. The
latter patient was empirically placed on a l-week-long
capillary BG testing per her obstetrician (M.M.T.) and
reported several 1-hour postprandial values above 180
mg/dl and was empirically placed on a diabetic diet.
The sole GDM patient had a history of GDM in a prior
pregnancy and required insulin therapy. All patients
had an essentially uninterrupted CGM for 72 (7.2, range
58-95) hours and each performed SBGM =3 times per
day. Diabetic patients were treated per California State
standard protocols. Two patients had a thyroid disorder
and 1 had epilepsy; all were optimally treated. One fetus
had gastroschisis diagnosed prenatally. No other fetal or
neonatal anomalies were detected. All newborns had a
5-minute Apgar score of >7. Other maternal and neonatal
characteristics are shown in Table 2.

Table 1.

Glycemia Index, Birth Weight Centile, and
Pregnancy Outcome

Gy DIEBRES GI-130 V\irg;:t Outcome
# status centile
1 Nondiabetic 0 1.2 Vaginal delivery, Epi/Lac
2 Nondiabetic 0.1 15.6 SVD
3 Nondiabetic 0 20.8 SVD
4 Nondiabetic 0 32.5 Planned CD
5 Nondiabetic 0 40.3 Vacuum delivery
6 Nondiabetic 1.5 41 Vaginal delivery, Epi/Lac
7 Nondiabetic 6 491 Planned CD
8 Nondiabetic 6.3 56.3 Planned CD
9 Nondiabetic | 437.7 62.1 Vaginal delivery, Epi/Lac
10 | Nondiabetic 0 66.5 SVD
1 Nondiabetic 0 76.1 SVD
12 | Nondiabetic | 0.1 777 Ug:slz’r;r::f\isc,i;su
13 Nondiabetic 0.2 86.9 Vacuum delivery
14 Nondiabetic 31 97.1 Vacuum delivery, SD
15 | Nondiabetic 8.3 98.9 SVvD
16 | Nondiabetic 0.5 99.3 Planned CD
17 T1-DM 240.6 61.1 Vacuum delivery, SD
18 T1-DM 221.6 82.2 Unplanned CD
19 T1-DM 1089.2 100 SVD
20 T2-DM 0.9 211 Planned CD
21 GDM 6.1 17.7 SVD

T1-DM, type 1 diabetes mellitus; T2-DM type 2 diabetes mellitus;
Epi, episiotomy; Lac, perineal laceration; SVD, spontaneous
vaginal delivery; CD, cesarean delivery; SD, shoulder dystocia.

Age (years) 29.7 (£5.5)
Nulliparous 57%
Caucasian 67%
Hispanic 14%
Asian 10%
Indian/Pakistani 10%
Pregravid body mass index 29.4 (+6.6)
Male 48%
Birth weight (g) 3393 (+543)
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Continuous glucose monitoring disclosed BG excursions
above 130 mg/dl in 15 (5 diabetic and 10 nondiabetic)
patients; 11 of whom also had episodic BG excursions
above 130 mg/dl detected by SBGM (p = nonsignificant).

As continuous variables, a positive correlation was seen
between the birth weight centile and the GI above all
BG cutoffs tested. The strongest correlation was seen for
GI above 130 (GI-130) (p < 0.03) (Figure 1). Furthermore,
a positive correlation was seen between the birth
weight centile and the GI-130 among the 16 nondiabetic
individuals (p < 0.05). No significant correlation was
seen between birth weight centile and average 3-day
CGM values, 3-day fasting BG, average 3-day self-BG
monitoring values, or diabetes screening BG value.

Five patients had planned cesarean delivery, 10 patients
had unassisted vaginal delivery with or without
episiotomy or laceration, and 6 patients had assisted
vaginal delivery or unplanned CD. No significant
differences were seen in birth weight centile or GI
values among the 3 modes of delivery groups.

Discussion

The rate of diabetes has increased among the general
population in the United States, including among
pregnant women.>” Maternal diabetes, when not
optimally controlled, is associated with higher rates of
fetal macrosomia and operative deliveries.® However,
the relationship between maternal BG levels and fetal
overgrowth has not been studied among nondiabetic
pregnants. We designed our study to include both
diabetic and nondiabetic pregnancies to evaluate the
effect of maternal hyperglycemia on birth weight. Fetal
BG levels have a linear correlation with maternal BG
levels.” We hypothesized that exposure to BG excursions
may have a significant effect on fetal body mass, even
in those patients without the diagnosis of diabetes or
GDM. To test this hypothesis, we chose the fetus as a
biologic model. In this study, average 3-day maternal
BG as measured by CGM was not a predictor of birth
weight centile, nor were BG values obtained through
conventional tests of maternal diabetes. The majority
of diabetic and nondiabetic patients in this study
demonstrated several episodes of BG excursions above
130 mg/dl detectable by CGM and by SBGM. The
magnitude of BG excursions could be quantified more
clearly with CGM than with SBGM, as was shown
elsewhere!” Our study suggests that BG excursions
correlate positively with fetal growth. We obtained
frequent maternal BG measurements by CGM over a
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Figure 1. Correlation between glycemia index above 130 mg/dl and
birth weight (BW) centile.

3-day period at 2628 weeks gestation and found a
significant correlation between the magnitude and the
duration of BG excursions above 130 mg/dl and birth
weight centile. Our study population consisted of 25%
diabetic and 75% nondiabetic patients. The correlation
between BG and birth weight is well known among
diabetic patients. In our study, the correlation between
the level of maternal BG excursions and birth weight
centile remained significant after removal of the diabetic
patients.

Our study failed to show a correlation between the
degree of maternal BG excursions and assisted vaginal
or unplanned cesarean delivery. A nonsignificant
positive correlation was present between the degree of
BG excursions and unplanned operative deliveries. A
Canadian study showed that presence of a “borderline
GDM” is associated with increased rates of fetal
macrosomia and CD. However, the same study showed
that the rate of CD remained elevated among known
borderline GDM patients who carried a nonmacrosomic
fetus. The relationship between milder degrees of
maternal hyperglycemia and operative delivery remains
unknown.

Our pilot study has several limitations. We did not
measure glycosylated hemoglobin levels in nondiabetic
patients. CGM systems measure interstitial fluid glucose
as a surrogate measure of BG. Three days of monitoring
may not accurately represent the whole duration of the
pregnancy. While we used a validated tool to calculate
a customized birth weight centile, the small number of
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subjects in this pilot study did not allow us to test for
all confounding factors of fetal growth. The size of the
study population further did not allow for calculation
of a cutoff glycemia index for prediction of large fetuses
and operative deliveries, nor were we able to prove a
significant correlation between maternal BG excursions
and unplanned operative deliveries. While the diabetic
pregnant women in an Australian study reported use of
the CGM system as “easy” and worth the inconvenience,*
the same may not apply to nondiabetic individuals until a
clear benefit for pregnancy outcome is shown. It remains
unknown at this time if intervention for hyperglycemia
in nondiabetic patients will change the outcome of the
pregnancy. Findings of this study merit larger studies to
address the aforementioned inadequacies. The present
CGM technology, while highly valuable in the care of
diabetics, is expensive and cumbersome as a screening
tool. For now, CGM in nondiabetic individuals should
be reserved for research purposes.
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