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Abstract
Objective

The objective of the present study was to compare 24-hour glycemic levels between obese
pregnant women with normal glucose tolerance and non-obese pregnant women.

Methods

In the present observational, longitudinal study, continuous glucose monitoring was per-
formed in obese pregnant women with normal oral glucose tolerance test with 75 g of glu-
cose between the 24™ and the 28'" gestational weeks. The control group (CG) consisted of
pregnant women with normal weight who were selected by matching the maternal age and
parity with the same characteristics of the obese group (OG). Glucose measurements were
obtained during 72 hours.

Results

Both the groups were balanced in terms of baseline characteristics (age: 33.5[28.7—36.0]
vs. 32.0 [26.0-34.5] years, p = 0.5 and length of pregnancy: 25.0 [24.0-25.0] vs. 25.5
[24.0-28.0] weeks, p = 0.6 in the CG and in the OG, respectively). Pre-breakfast glycemic
levels were 77.77 + 10.55 mg/dL in the CG and 82.02 £ 11.06 mg/dL in the OG (p<0.01).
Glycemic levels at 2 hours after breakfast were 87.31 + 13.10 mg/dL in the CG and

93.48 + 18.74 mg/dL in the OG (p<0.001). Daytime blood glucose levels were 87.6 + 15.4
vs. 93.1 £ 18.3 mg/dL (p<0.001) and nighttime blood glucose levels were 79.3 + 15.8 vs.
84.7 £ 16.3 mg/dL (p<0.001) in the CG and in the OG, respectively. The 24-hour, daytime,
and nighttime values of the area under the curve were higher in the OG when compared
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with the CG (85.1 £0.16vs.87.9+0.12,65.6 £ 0.14vs.67.5+£0.10,19.5+ 0.07 vs. 20.4
0.05, respectively; p<0.001).

Conclusion

The results of the present study showed that obesity in pregnancy was associated with
higher glycemic levels even in the presence of normal findings on glucose tolerance test.

Introduction

During the last four decades, prevalence of obesity has increased dramatically around the
world. In 2016, the World Health Organization (WHO) estimated that approximately 650 mil-
lion adults were obese, representing approximately 13% of the world’s adult population. Obe-
sity affects all age groups and both sexes irrespective of the income levels [1]. Concomitant
with the global increase in obesity, the number of obese pregnant women has also increased
[2].

The association of obesity with pregnancy has been an important public health problem
and a major challenge for the professional team responsible for assisting this population.
Maternal obesity is associated with adverse pregnancy and perinatal outcomes and long-term
complications related to maternal and fetal health [3]. Current evidences support the strong
association between obesity and gestational diabetes mellitus (GDM) [4, 5]. Excess fat tissue
releases increased amounts of unesterified fatty acids, glycerol, hormones, pro-inflammatory
cytokines, and other factors that participate in the development of insulin resistance (IR). IR
and dysfunctional beta-pancreatic cells are the main factors causing hyperglycemia [6, 7]. In
this context, maternal obesity causes imbalance in glycemic homeostasis during pregnancy,
resulting in an increased risk of GDM [8].

Screening and diagnosis of GDM has improved in recent decades. However, there is still a
lack of universally accepted consensus [9-11]. In 2010, the International Association of Diabe-
tes in Pregnancy Study Group (IADPSG) [12] updated the diagnostic criteria based on the
results of an important study, namely the Hyperglycemia and Adverse Pregnancy Outcomes
(HAPO) study (13). These criteria were widely accepted by national and international organi-
zations. The HAPO study suggested a strong and continuous relationship between maternal
blood glucose and adverse outcomes [13]. The study proposed a lower glycemic threshold to
detect GDM compared to other international guidelines [9, 14-16].

GDM is mainly diagnosed using the oral glucose tolerance test (OGTT), which is based on
a limited number of plasma glucose level readings after glucose overload [16].

After diagnosis, GDM needs to be treated by a multidisciplinary team. Glycemic control
supervised by glycemic self-monitoring at specific time points (especially preprandial and
postprandial readings) is crucial to reduce the risk of adverse maternal and fetal outcomes
[17]. During pregnancy, the proposed range of glycemic levels to manage hyperglycemia is
more limited. This rigor is believed to positively influence the adverse perinatal outcomes.
However, such monitoring is based on a limited number of analyses within 24 hours and long
periods between meals are not monitored.

Maternal blood glucose has a dynamic variation within 24 hours and is influenced by
numerous factors such as insulin sensitivity, diet, lifestyle, stress, sleep, and others [18, 19].

Currently, with technological developments in continuous glucose monitoring (CGM), it is
possible to assess daily glycemic fluctuations with greater accuracy. Several studies have been
designed to allow better understanding of the effect of hyperglycemia on the temporal behavior
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of glycemic levels in pregnancy [20-23]. However, very few studies have analyzed the continu-
ous evolution of glycemic levels during the period in pregnancy without glucose intolerance
[24-26)].

Obese women with presumably normal glucose tolerance may experience adverse perinatal
complications similar to those observed in women with GDM [4, 27]. Although the HAPO
trial have demonstrated that lower glucose values than those currently adopted to diagnose
gestational diabetes resulted in improvement of adverse outcomes [13], the debate continues
over what constitutes normoglycemia in pregnancy. Furthermore, there are few data on the
glycemic patterns during 24 hours in obese pregnant women without GDM.

Thus, the present study was designed to assess the 24-hour glycemic profile using continu-
ous glucose monitoring.in obese and not obese pregnant women, without glucose intolerance
according to the criteria proposed by the IADPSG [12]. We postulated that 24-h glucose mea-
sures (24-h area under the curve [AUC]) would be higher among obese women than among
non-obese women.

Materials and methods

The present prospective, observational, longitudinal study involving pregnant women was fol-
lowed up by the Obstetrics and Gynecology Service of the General Hospital of the University
of Caxias do Sul, RS, Brazil. The study was approved by the Ethics and Human Resources
Committee of the University of Caxias do Sul. It was conducted according to the ethical princi-
ples of the Declaration of Helsinki. All participants signed an Informed Consent Form.

The study was conducted from June 2018 to July 2019. We recruited outpatient pregnant
woman underwent OGTT with 75 g of glucose between the 24™ and the 28" gestational
weeks. We included women with fasting glycemic levels below 92 mg/dL (5.1 mmol/L), 1-hour
glycemic levels below 180 mg/dL (10.0 mmol/L), and 2-hour glycemic levels below 153 mg/dL
(8.5 mmol/L). Only pregnant women with gestational age between 24 to 32 weeks and aged 18
to 35 years were included. The defined age range was proposed to reduce the impact of
advancing age on GDM risk.” The exclusion criteria were twin pregnancy; fetal malformation;
pregnant women with uncontrolled chronic diseases; smoking; alcoholism; and use of cortico-
steroids, beta-blockers, or hyperglycemic drugs. Ten pregnant women with pre-gestational
obesity (body mass index [BMI] range: 30-40 kg/m?) were consecutively included to compose
the obese group (OG). Another 10 women with normal pre-pregnancy weight (BMI range:
18.5-24.9 kg/m?*) matched (1:1) by maternal age, parity, and length of pregnancy were selected
to control group (CQG).

In order to obtaining the data in a real-life context, all pregnant women were continuously
monitored by the prenatal care team without any interference or request from the researchers.
The following data were collected from the medical records immediately after OGTT: age,
pregestational BMI, parity, weight gain during pregnancy, gestational age at the time of
OGTT, OGTT results (fasting, at 1 hour after overload, and at 2 hours after overload), family
history of cardiovascular disease, and family history of diabetes. Pregestational BMI was calcu-
lated according to the WHO standards and expressed as weight (kg)/height (m)?® Maternal
weight gain during pregnancy was calculated by subtracting the body weight at the time of
OGTT from the pre-pregnancy weight. Interstitial glucose profiles were measured immedi-
ately after inclusion.

Continuous glucose monitoring

A CGM system iPro™2 Professional CGM, by Medtronic Principal Executive Office 20 Lower
Hatch Street Dublin 2, Ireland), was used to measure interstitial glucose concentrations over a
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period of 24 hours for 3 consecutive days. The sensors were inserted in the subcutaneous tissue
in the lower abdomen on the right or the left side. The sensors were connected to the transmit-
ters attached to the skin. The sensor recorded approximately 288 blood glucose level readings
in each pregnant woman over 24 hours. After 72 hours, the data were stored in a database. The
monitors were calibrated by inserting capillary blood glucose level measured three times a day
(preprandial measurements) using the Accu-Chek Active® device (Roche, Basel, Switzer-
land). Concomitantly, the women were requested to record the time at the start of the main
meals and the time at the start of physical exercise.

The sample size was determined such that the width of the two-sided 95% confidence inter-
val for the between-group difference, under an assumption of normally distributed data for
the change in glucose level from baseline to 24 hours, was 0.5 percentage points. We estimated
that 10 participants per group with 30 measurements would provide the study with 95% power
to detect a prespecified effect (standard deviation) of 5 mg/dL on the primary outcome, assum-
ing a two-sided type I error of 1%. To compute the Cohen’s effect size for the Pillai statistic
from mean and variance-covariance matrix and, as input method, standard deviation and cor-
relation matrix. We get a value 0.801 for Pillai’s V and the Cohen’s effect size = 0.341. The
parameters were lambda = 40.50, values critical F = 11.26. A total of 16 patients, with 8 in each
treatment group, would meet this requirement. The data were expressed as mean + standard
deviation, median [interquartile range], and percentage. Exploratory analysis of the descriptive
data was performed using Student’s t-test, Wilcoxon-Mann-Whitney test, and Pearson’s chi-
squared test. Since blood glucose concentrations of nestlings from the same brood are not
independent, the glucose concentrations were analyzed using mixed linear models with brood
identity included as a random controlling factor. In the first step, the glucose levels were mod-
eled according to a linear mixed model with random intercept to quantify the effect of the
group (obese or non-obese). The mean values of the two groups were compared using t-test in
the linear mixed model. In the second step, two models were built: a first model that included
variables “group” and “time” and a second model that included an interaction between the var-
iables “group” and “time.” The second model allowed quantification of the change in the effect
of the group type according to time. Analysis of variance was used to compare the two nested
models and to determine the statistical significance of the interaction. The models were
adjusted by the restricted maximum likelihood method using the LME function of the NLME
package. Tukey’s post hoc test was used for multiple comparisons. The analyses were per-
formed using R for Windows, version 3.1.1 (R-Cran project, http://cran.r-project.org/, The R
foundation, Vienna, Austria). Nominal p-values <0.05 were considered statistically
significant.

Results

Altogether, 20 pregnant women were included and evaluated in this study. The baseline char-
acteristics of the population in the OG (n = 10) and in the CG (n = 10) are described in

Table 1. The median maternal age was 33.5 [28.7-36.0] years in the CG and 32.0 [26.0-34.5]
years in the OG (p = 0.5). The pregestational BMI (kg/mz) was 22.1 [21.7-23.8] in the CG and
39.9 [35.8-41.9] in the OG (p<0.001). Maternal weight gain until the day of OGTT tended to
be greater in the OG (8.0 [5.5-10.7] kg) than in the CG (2.6 [0.00-8.6] kg) (p = 0.09). The anal-
ysis of OGTT results revealed that the fasting glycemic levels tended to be higher in the OG
(75.5 [72.0-79.7] mg/dL) than in the CG (81.5 [74.2-87.0] mg/dL) (p = 0.08). Blood glucose
levels at 1 and 2 hours after glucose overload showed no significant differences between the
groups. Moreover, no statistically significant difference was observed in parity and in family
history of cardiovascular disease and diabetes between the groups (Table 1).
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Table 1. Characteristics of pregnant women in the obese and control groups.

CG (n=10) OG (n=10) p-value

Age (years). 33.50 [28.75-36.00] 32.0 [26.0-34.5] 0.5
Parity > 1(n) 9 10 1.0
Pregestational BMI (kg/m?) 22.15 [21.70-23.82] 39.95 [35.85-41.88] <0.001
Weight gain (kg) 2.65 [0.00-8.57] 8.00 [5.50-10.75] 0.09
Family history of CVD (%) 30 20 1.00
Family history of diabetes (%) 40 50 1.00
Length of pregnancy (weeks)® 25.0 [24.0-25.0] 25.5 [24.0-28.0] 0.6
OGTT (mg/dL)

Fasting 75.50 [72.00-79.75] 81.50 [74.25-87.00] 0.08

1 hour 129.0 [117.0-141.0] 134.0 [120.0-161.0] 0.4

2 hours 110.00 [95.25-116.00] 109.00 [93.75-124.50] 0.9

? Length of pregnancy at the time of oral glucose tolerance test, OG: obese group, CG: control group, BMI: body mass
index; OGTT: oral glucose tolerance test; wk: week; CVD: cardiovascular disease. Data are medians, Interquartile

range (IQR), and percentage. P-values were calculated using by Wilcoxon-Mann-Whitney test and chi-squared test.

https://doi.org/10.1371/journal.pone.0253047.t001

The CGM data of pregnant women from both the groups are presented in Table 2. A signif-
icant difference was observed in blood glucose levels before (77.77 mg/dl + 10.55 vs. 82.02 +
11.06, p<0.01) and 2 hours after breakfast (87.31 mg/dl + 13.10 vs. 93.48 + 18.74, p<0.001)
between the CG and the OG. No significant difference was observed in the values within 1
hour after breakfast. No significant differences were observed in glucose levels before and after
lunch and dinner between the groups. Additionally, blood glucose levels during the day
(between 6:00 am and 12:00 pm) were significantly higher in the OG compared to those in the
CG (93.08 mg/dl + 18.30 vs. 87.58 + 15.40, p<0.001). Similarly, blood glucose levels at night
(between 12:00 pm and 6:00 am) were significantly higher in the OG compared to those in the
CG (84.73 mg/dl + 16.31 vs. 79.35 + 15.76, p<0.001).

The areas under the curve (AUCs) for blood glucose levels during the day and at night were
67.47 mg/dl £ 0.105 and 20.42 * 0.05, respectively in the OG and 65.56 mg/dl + 0.144 and
19.53 £ 0.072, respectively in the CG (p<0.001) (Table 2). The 24-hour AUC for blood glucose
levels was 85.08 mg/dl + 0.161 in the OG and 87.89 + 0.116 in the CG (p<0.001) (Table 2 and
Fig 1).

Table 3 shows the isolated effect of obesity on longitudinal blood glucose variation. This
effect was significant at night (78.10 mg/dl [95% confidence interval: 72.61-83.60] in the CG
vs. 82.78 mg/dl [95% confidence interval: 78.60-86.96] in the OG, p<0.001).

Discussion

The present study clearly showed a difference in temporal evolution of glycemic levels between
obese and non-obese pregnant women without hyperglycemia according to the IADPSG crite-
ria [12]. The national protocol in Brazil suggests that GDM screening should be performed
using OGTT with 75 g of glucose between the 24 and the 28™ gestational weeks in pregnant
women with no previous glycemic changes. GDM is diagnosed when the following levels were
reached or exceeded: fasting glucose level of 92 mg/dl, 1-hour level of 180 mg/dL, and 2-hour
level of 153 mg/dL [16]. In the studied population, the analysis of blood glucose levels at fast-
ing, at 1 hour, and at 2 hours after 75 g glucose overload confirmed that none of the pregnant
women met or exceeded these criteria. However, fasting glycemic levels in the OG tended to
be higher than those in the CG (p = 0.08) at the time of screening. None of the pregnant
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Table 2. Continuous glucose monitoring data in control and obese groups.

CG oG p-value*

Glucose (mg/dL)

Before breakfast 77.77 £ 10.55 82.02 + 11.06 <0.01

1 hour after breakfast 94.25 + 15.70 97.26 + 11.06 0.8

2 hours after breakfast 87.31 £ 13.10 93.48 + 18.74 <0.001

Before lunch 82.77 £15.15 85.26 £ 15.65 0.2

1 hour after lunch 97.74 £ 13.60 97.71 + 14.96 0.6

2 hours after lunch 93.78 + 12.30 91.13 £ 13.65 0.15

Before dinner 82.80 £2.75 86.68 + 2.04 0.08

1 hour after dinner 94.42 +19.05 94.02 £ 17.35 0.8

2 hours after dinner 90.65 + 23.37 92.78 £ 20.27 0.2

Daytime 87.58 £ 15.40 93.08 + 18.30 <0.001

Nighttime 79.35+15.76 84.73 £ 16.31 <0.001
AUC (mg/min/dL)

Day 65.56 + 0.144 67.47 £ 0.105 <0.001

Night 19.53 £ 0.072 20.42 £ 0.05 <0.001

24 hours 85.08 £ 0.161 87.89 £0.116 <0.001

CG: control group, OG: obese group, AUC: area under the curve. Preprandial and postprandial glucose level is the mean of three consecutive values before or after the

respective meal. Daytime glucose is the mean glucose level between 6:00 am and 12:00 pm. Nighttime glucose is the mean glucose level between 12:00 pm and 6:00 am.

Daytime AUC is between 6:00 am and 12:00 pm and nighttime AUC is between 12:00 pm and 6:00 am.

*The p-values (obese vs. control) are based on F statistics for comparisons test.

https://doi.org/10.1371/journal.pone.0253047.t002

o
=]

Glucose (mg/dL)

o
(3

12:00 AM

6:00 AM 12:00 PM

Hours

CG

06:00 PM 12:00 AM

Fig 1. Glucose profile during 24 hours in the obese and control group. Obese group (OG) is represented by the green smooth curve

(lambda = 1,000,000) and control group (CG) by the red smooth curve.

https://doi.org/10.1371/journal.pone.0253047.9001
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Table 3. The mixed linear model to analyze the effect of obesity on the glucose levels.

CG (95.0% CI) 0OG (95.0% CI) p-value
Whole sample 84.94 (81.55; 88.33) 88.58 (85.43; 91.63) 0.17
Daytime 86.87 (82.90; 90.84) 90.21 (87.20; 93.24) 0.25
Nighttime 78.10 (72.61; 83.60) 82.78 (78.60; 86.96) <0.001

CG: control group, OG: obese group, CI: confidence interval.

https://doi.org/10.1371/journal.pone.0253047.t1003

women in the study exhibited evidence of hyperglycemia. Therefore, they were routinely mon-
itored without strict blood glucose level control until the end of pregnancy. No intervention
was performed by the researchers. The objective of this study was to assess blood glucose levels
without changing the routine in a population at high risk for metabolic diseases.

The obese pregnant women in the present study were referred to a reference center for
high-risk pregnancies at the General Hospital of Caxias do Sul. There has been a significant
increase in the number of women with severe obesity in recent years due to the global obesity
epidemic that also affects women of reproductive age [2]. According to the study by Kim et al.,
the rate of GDM in a population with severe obesity (35-64.9 kg/m?) was 11.5% and the rela-
tive risk of GDM was 5.0 (95% confidence interval: 3.6-6.9) even after adjustment for maternal
age, race/ethnicity, parity, and marital status [8]. In addition to pregestational BMI, weight
gain during pregnancy may also be associated with an increased risk for GDM [28, 29]. In the
present study population, weight gain during the study period was higher in the OG (median:
8.00 kg) when compared with that in the CG (median: 2.65 kg), which is an additional factor
for increased risk of hyperglycemia. Despite the high pregestational BMI and the greater
weight gain in obese pregnant women, GDM was not detected at the time of screening. Thus,
there is a possibility of dysglycemia in later stages of pregnancy in risk groups with a negative
GDM test. Gomes et al. showed that among 448 obese pregnant women with a negative GDM
test, 30.1% (n = 135) exhibited dysglycemia at the end of the third trimester, as assessed by
increased hemoglobin Alc levels [30]. A secondary analysis of the HAPO study in a population
of 23,316 pregnant women showed that 2,247 (9.6%) women were obese without a diagnosis of
hyperglycemia and this condition showed an independent association with fetal hyperinsuline-
mia, growth, and adiposity, similar to the outcomes observed in GDM [4]. This subject contin-
ues being discussed due to the scarce literature on the effects of late glycemic changes and
maternal lipid profile [31, 32] on perinatal outcomes.

Blood glucose levels at specific time points (2 hours before and 2 hours after breakfast) were
significantly higher in the OG. However, the levels did not exceed the recommended limits for
these time points (<95 and <120 mg/dl, respectively) [17]. These are the recommended time
points to monitor pregnant women with hyperglycemia. At these time points, blood glucose
levels remained within the presumably normal range in both the groups. Harmon reported sig-
nificant differences in glycemic levels at 1 and 2 hours after meals [26]. Stratified analysis by
pregestational maternal weight conducted by Yogev et al. showed that preprandial, 1-hour
postprandial, and 2-hour postprandial glycemic levels were significantly higher in obese preg-
nant women [25].

A detailed analysis of blood glucose samples repeated for 72 hours showed higher fluctua-
tion in obese pregnant women than in non-obese pregnant women (assessed by the AUC).
Similar behavior was observed when the analysis was divided into two periods (day and night).
In addition, obesity was associated with a higher mean blood glucose at night. These data sug-
gest that fetuses of the women from the OG could potentially be exposed to a blood glucose
pattern that is higher than normal. These findings are consistent with the findings of Harmon
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et al. [26] who evaluated groups of pregnant women without hyperglycemia with and without
dietary interference and reported that the AUC was always higher in obese pregnant women
regardless of dietary control. In the present study, the OG included pregnant women with
more severe obesity (median BMI: 39.95) and the criteria for excluding glucose intolerance in
the population were different. However, Yogev et al. [25] showed that obese women exhibited
significantly lower mean glucose levels at night compared to non-obese women.

Differences in glycemic homeostasis between obese and non-obese pregnant women were
didactically presented by analyzing temporal blood glucose variations over long periods,
which is possible only with the CGM systems.

Despite the few studies available in the literature, the following questions should be dis-
cussed. 1) Should the glycemic targets for obese pregnant women be individualized? 2) Could
the nocturnal glycemic changes be related to increased fetal fat and/or macrosomia in obese
women without GDM?

Increasing maternal obesity rates have challenged researchers to characterize the metabolic
profile of this population in a better way. Glycemic control is not adequately addressed during
the follow-up in most of the obese pregnant women without GDM. On the other hand, glucose
self-monitoring has limitations, as it does not include the night period. The present study sug-
gests the need for more evidence on glycemic targets in obese women during pregnancy. The
sample size in the present study did not allow correlations with perinatal outcomes. However,
the use of statistical modeling and the strict composition of the two groups clearly showed dis-
tinct behaviors in dynamic changes in blood glucose levels over long periods.

Conclusion

“In conclusion, the present study demonstrated that continuously assessed blood glucose levels
were higher in obese pregnant women without GDM than in non-obese pregnant women and
this effect was more evident at night. Additional studies may lead to the better understanding
of this metabolic alteration and its possible correlation with adverse neonatal outcomes.”
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