
Continuous Glucose Monitoring Effects on Maternal
Glycemic Control and Pregnancy Outcomes in
Patients With Gestational Diabetes Mellitus:
A Prospective Cohort Study

Fan Yu,* Lijuan Lv, Zhijiang Liang, Yi Wang, Jiying Wen, Xiaohong Lin,
Yuheng Zhou, Caiyuan Mai, and Jianmin Niu*

Department of Obstetrics and Gynecology (F.Y., L.L., Y.W., J.Wen, X.L., Y.Z., C.M., J.N.) and Healthcare
Department (Z.L.), GuangDong Women and Children Hospital, Guangzhou, China 510010

Context: Clinical evidence on the consequential effects of continuous glucose monitoring (CGM)
on pregnancy outcomes in women with gestational diabetes mellitus (GDM) is scarcely available.

Objective: Our objective was to evaluate the effectiveness of CGM on maternal glycemic control
and pregnancy outcomes in patients with GDM .

Patients: In total, 340 Chinese pregnant women with GDM were allocated to either the routine care
group (n � 190) or the CGM group (n �150).

Design and Setting: This was a prospective cohort study in the Department of Obstetrics of Guang-
Dong Women and Children Hospital in China. Recruitment started in April 2011 and stopped in
August 2012.

Interventions: A 72-hour CGM system was used as a supplementary tool for glucose monitoring in
the CGM group.

Primary Outcome Measurements: The parameters of glycemic variability included mean blood
glucose, the SD of blood glucose, mean amplitude of glycemic excursions (MAGEs), and the mean
of daily differences. The maternal outcomes (preeclampsia and cesarean delivery) and composite
neonatal outcomes were analyzed.

Results: The SD of blood glucose, MAGEs, and mean of daily differences values were significantly
lower in the CGM group compared with those of the routine care group (P � .001). Subjects in the
CGM group were at lower risk of preeclampsia and primary cesarean delivery compared with the
routine care group (P � .05). The mean infant birth weight of women in the CGM group was lower
than infants of women in the routine care group (P � .001). The MAGE was associated with birth
weight (� � 0.196, P � .001), and it was an independent factor for preeclampsia (odds ratio, 3.66;
95% confidence interval 2.16–6.20) and composite neonatal outcome (odds ratio, 1.34; 95% con-
fidence interval 1.01–1.77).

Conclusions: The use of supplementary CGM combined with routine antenatal care can improve
the glycemic control and pregnancy outcomes of patients with GDM. (J Clin Endocrinol Metab 99:
4674–4682, 2014)
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Gestational diabetes mellitus (GDM) is defined as the
diagnosis of diabetes that is not clearly overt diabe-

tes in pregnant women (1). Patients with GDM experience
adverse maternal and infant outcomes, including pre-
eclampsia, cesarean delivery, fetal macrosomia, hypogly-
cemia, respiratory distress syndrome (RDS), hyperbiliru-
binemia and the later higher likelihood of developing type
2 diabetes (2–5). The Hyperglycemia and Adverse Preg-
nancy Outcome study demonstrated a continuous associ-
ation between increasing maternal glucose level and ad-
verse perinatal outcomes (6). Suboptimal glycemic control
in women with GDM is associated with adverse neonatal
outcome (7). Careful monitoring of blood glucose levels
and maintaining them as close to normal as possible are
essential in the care of patients with GDM. However, too-
tight glycemic control is accompanied by increased fre-
quency of hypoglycemic events, which may also compro-
mise the health of both the mother and the fetus (8, 9).
Furthermore, glycemic variability is considered a high-risk
factor for diabetes complications (10). Consequently, it
has become increasingly important to measure the vola-
tility or variability in glucose excursions.

Although a fundamental tool for patients with GDM in
terms of intensive management, is conventional self-mon-
itoring of blood glucose (SMBG), such self-monitoring is
not sufficient for accurate management of GDM. Conse-
quently, occult postprandial hyperglycemia or hypogly-
cemic episodes, especially nocturnal hypoglycemia, may
go undetected. To overcome this shortcoming, a contin-
uous glucose monitoring (CGM) system (CGMS), a novel
technology to assess 24-hour glucose fluctuations, offers a
complete view of glucose profile about the direction, mag-
nitude, duration, frequency, and causes of fluctuations in
blood glucose levels (11). CGMS allows for the detection
of previously unnoticed hypoglycemic and hyperglycemic
episodes (12).

It has been reported that CGMS is a useful tool for the
close monitoring of glucose in patients with GDM to de-
tect long, asymptomatic durations of high and low blood
glucose levels (13, 14). In addition, CGMS is a well-tol-
erated and helpful means of glucose monitoring for clin-
ical decision-making in patients with GDM (15, 16). Mur-
phy et al (17) reported that CGM was associated with
improved glycemic control, lower birth weight, and re-
duced risk of macrosomia in pregnant women with type 1
and type 2 diabetes. The clinical evidence on the conse-
quential effects of CGM on pregnancy outcomes of
women with GDM however, remain scarce. The aim of the
current study was to determine whether the CGMS could
be used to improve the pregnancy outcomes of patients
with GDM.

Patients and Methods

Patients
The present study, conducted by the Department of Obstet-

rics of GuangDong Women and Children Hospital in Guang-
zhou, China, enrolled a total of 340 pregnant Han Chinese
women with GDM at 24 to 28 gestational weeks of a singleton
pregnancy. Patient demographics included age, parity, child-
bearing history, past medical history, prepregnancy body
weight, height, blood pressure, and fasting glucose concentra-
tions in the first trimester. All pregnant women with normal
fasting blood glucose levels in the first trimester underwent a
75-g oral glucose tolerance test (OGTT) at 24 to 28 gestational
weeks. A diagnosis of GDM was confirmed after 1) fasting
plasma glucose �5.1 and �7.0 mmol/L, 2) 1-hour glucose �10.0
mmol/L, or 3) 2-hour glucose �8.5 and �11.1 mmol/L (1). Re-
cruitment began in April 2011 and ended in August 2012 after
the diagnosis of 340 pregnant women with GDM eligible to
participate in the current study. The exclusion criteria included
a diagnosis of diabetes before knowledge of pregnancy, a fasting
glucose level of more than 5.1 mmol/L in the first trimester,
reluctance to be examined regularly in the Department of Ob-
stetrics of GuangDong Women and Children Hospital, delivery
of the infant in another hospital, multiple pregnancies, and a
diagnosis of overt diabetes during the current pregnancy or com-
plicated pregnancies as a consequence of other medical diseases.

All patients provided informed, signed consent to participate
in this study. The study protocol was approved by the ethics
committee of Guangdong Women and Children Hospital.

Glucose monitoring
Each patient participated in 2 individual training sessions

conducted by trained research nurses. All patients were taught to
self-monitor their blood glucose levels 7 times a day with the
Abbott Optium Xceed glucometer and the self-code data sub-
mitted into the patient’s private meter. All 7 measurements were
conducted 30 minutes before and 1 hour after the 3 main meals
and before going to sleep at night. The participants also took
another training class for how to use the CGMS (Medtronic
Minimed). This system is composed of a disposable sc glucose-
sensing device and an electrode impregnated with glucose oxi-
dase connected by a cable to a lightweight monitor. Interstitial
glucose levels in sc tissue, within a range of 2.2 to 22.2 mmol/L,
were measured electrochemically every 10 seconds and an aver-
age value stored every 5 minutes, providing up to 288 measure-
ments per day. The CGMS does not display glucose values; data
are stored in the monitor and downloaded and printed after
removing the sensor. The MiniMed Solutions software (MMT-
7310 version 3.0C [3.0.128]; Medtronic) was used for CGM
data analysis. A minimum of 4 daily blood glucose calibration
values (actually 7 calibration values were suggested in this study)
were introduced to the CGMS sensor. Patients were trained in the
recording of time of food intake, exercise periods, insulin injec-
tions, and symptomatic hypoglycemic events. Patients were pro-
vided with user manuals and advised to contact research nurses
at any time of the day if a problem arose.

Study design
Subjects were allocated to either the routine care group (stan-

dard antenatal care using intermittent SMBG test from capillary
blood obtained by the finger prick technique, n � 190) or the
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CGM group (standard antenatal care using SMBG plus CGM,
n � 150). Groups were assigned by the number of consulting
rooms where patients were diagnosed with GDM. In the routine
care group, CGM was performed in the first and fifth weeks of
study, and these CGM values were masked until the patients
went into labor.

In the first week of the study (the first week after recruitment),
all patients were instructed to wear the CGMS on one side of their
thigh for 72 consecutive hours while SMBG was concurrently
performed. The CGM sensor was worn on day 0 morning and
removed midmorning on day 3 in a study week. During these
days, patients of each group followed their usual diet and lifestyle
and returned to the hospital for a visit on day 3. Visits included
downloads and analysis of data in meter and sensor (only for
patients in CGM group), nutrition consultation, education of
information on blood glucose testing and self-care activities, and
getting an individualized diabetes care prescription, which was
arranged by the same obstetric diabetes team. After the first visit,
patients adhered strictly to their new diet and lifestyle, and
SMBG was performed every day.

In the second week of the study, participants in the routine
care group underwent intermittent SMBG 7 times per day,
whereas patients in the CGM group underwent both 72-hour
CGM and SMBG within the week. All data were downloaded
and evaluated once more for therapy adjustment. The CGM
device was performed at the beginning of every study week in the
CGM group, and SMBG was carried out 7 times daily in both
groups until glucose levels were controlled within a normal
range. Then women in both groups were recommended to mea-
sure capillary blood glucose concentrations daily (for insulin
treatment) or every 2 days (for diet-only therapy). Patients in the
CGM group were also submitted to a 72-hour use of CGMS at
intervals of 2 to 4 weeks. During labor and delivery, iv infusions
of glucose and insulin along with capillary blood glucose levels
were monitored hourly.

Patients in each group were required to return to visit for
therapy adjustment on day 3 of every week until labor. If there
was a problem at home, a telephone counseling or additional visit
could be arranged.

In the fifth week of the study, when patients had received 4
weeks of intervention, all participants in both groups were re-
quired to wear a 72-hour CGMS again. The CGM values in the
routine care group were masked for both the patients and ob-
stetric diabetes team.

Diet and insulin
The average daily caloric intake was calculated by prepreg-

nant body mass index (BMI) and the ideal body weight: for BMI
�18.5 kg/m2, 35 to 40 kcal/kg ideal body weight � 200 kcal; for
BMI �18.5 and �24 kg/m2, 30 to 35 kcal/kg ideal body weight
� 200 kcal; and for BMI �24 kg/m2, 25 to 30 kcal/kg ideal body
weight � 200 kcal. A diet of 50% to 60% carbohydrate, 15% to
20% protein, and 25% to 30% fat was recommended. Individ-
ualized nutrition in terms of a low glycemic index was made
according to the individuals’ glucose data.

Women in each group were suggested to achieve target pre-
prandial blood glucose level 3.3 to 5.3 mmol/L and 1-hour post-
prandial blood glucose �7.8 mmol/L based on SMBG results.
Women in the CGM group were also required to achieve the
glucose fluctuations of CGM that the peak postprandial glucose
levels after each meal rose above 7.8 mmol/L for no more than

10 minutes, and the duration of asymptomatic hypoglycemia,
defined as a glucose level lower than 3.3 mmol/L, was on more
than 30 min/d.

Insulin was offered in conjunction with the patients’ diet if
fasting glucose levels exceeded 5.3 mmol/L or 1-hour postpran-
dial glucose concentrations exceeded 7.8 mmol/L at least twice,
or if fasting values exceeded 5.3mmom/L combined with post-
prandial values greater than 7.8 mmol/L at least once in 1 week
according to the SMBG data. For women in the CGM group,
when receiving 2 copies of data from meter and sensor, the
SMBG result was first analyzed and insulin treatment was first
determined according to SMBG data. After the CGM data were
analyzed, treatment adjustment and additional determination of
insulin use could be made. The administration of insulin was
determined by glucose fluctuations of CGM when the peak post-
prandial glucose levels rose above 7.8 mmol/L for more than 10
minutes. When the duration of asymptomatic hypoglycemia ex-
ceeded 30 min/d, a snack was advised during the hypoglycemia
period. Appropriate solutions in terms of changes to diet, activ-
ity, and insulin regimens were carried out according to the vari-
ations of glucose values as the pregnancy continued.

The initial dose of insulin was 8 to 16 IU/d, with increasing
dose of 2 to 8 IU gradually every day until glucose levels were
controlled within a normal range. Administration of insulin as-
part injection was conducted before main meals whereas iso-
phane protamine recombinant human insulin injection was ad-
ministered before going to sleep at night.

CGM parameter calculation
The CGM parameters calculated were based on the data col-

lected from midnight on day 1 to 11:55 PM on day 2. The pa-
rameters of glycemic variability included mean blood glucose
(MBG), SD of blood glucose (SDBG), mean amplitude of glyce-
mic excursions (MAGE), and mean of daily differences
(MODD). The MBG was calculated for the arithmetic average of
all the glucose readings within 2 days of CGM data (18). The
SDBG represented the SD calculated for the overall 2-day CGM
period as previously described (19). The MAGE calculation was
made by measuring the arithmetic mean of the difference be-
tween consecutive peaks and nadirs, provided that the difference
was greater than the SD around the mean glucose values (20).
Interday glycemic variation was assessed by MODD, which was
the mean of absolute value of the difference between glucose
values taken on 2 consecutive days (days 1 and 2) at the same time
(21). The average time (in minutes) per day of glucose readings
above 7.8 mmol/L or below 3.3 mmol/L was calculated.

Maternal and neonatal outcomes
Maternal outcomes included pregnancy-induced preeclamp-

sia (new onset of hypertension accompanied by proteinuria after
20 weeks gestation) (22), miscarriage (spontaneous pregnancy
loss before 28 weeks gestation), intrauterine fetal death and ce-
sarean delivery (primary and repeat). Neonatal outcomes in-
cluded gestational age at delivery, premature delivery (before 37
weeks), birth weight, birth weight percentile (calculated using
customized calculators [http://www.gestation.net/birthweight_
centiles/centile_download.htm], which adjust for sex and gesta-
tional age of the infant as well as for maternal height, weight in
early pregnancy and parity) (23). The composite neonatal out-
come was defined as the combined variable consisting of the
presence of 1 or more of the following neonatal complications:
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premature delivery, macrosomia (birth weight �4000 g), large
for gestational age (LGA) (birth weight above the 90th percen-
tile), small for gestational age (SGA) (birth weight below the 10th
percentile), obstetric trauma, neonatal hypoglycemia (capillary
blood glucose value lower than 2.2 mmol/L on 2 or more occa-
sions in the first 24 hours after birth), hyperbilirubinemia (treat-
ment with phototherapy after birth, at least 1 laboratory report
of a bilirubin level of 220 �mol/L or greater), and RDS (the need
for supplemental oxygen in the neonatal nursery beyond 4 hours
after birth).

Statistical analysis
SPSS version 16.0 was used for data analysis. The data on

continuous variables with normal distribution are presented as
mean � SD. Continuous variables with nonnormally distributed
data are expressed as median values with their interquartile
ranges (IQRs) (25th–75th quartiles). Categorical data are shown
as counts and percentages. Continuous variables were analyzed
by means of ANOVA if they were normally distributed and by
means of nonparametric tests if their distribution was not nor-
mal. Frequency variables were compared using the �2 test. The
relationship between SMBG and CGM values was assessed by a
Pearson’s correlation test. Linear stepwise multiple regression
analysis was used to explore the associations between the gly-
cemic variability and birth weight or birth weight percentile.
Multivariable binary logistic regression was performed to iden-
tify independent risk factors associated with both neonatal and
maternal outcomes. Values of P � .05 were considered statisti-
cally significant.

Results

Demographics and baseline
characteristics

In total, 336 women completed
the study, whereas 4 patients with-
drew (Figure 1). Maternal baseline
characteristics are shown in Table
1.The glucose level was similar at
any individual time point of the
2-hour OGTT in both groups. The
mean hemoglobin A1c (HbA1c) levels
on the OGTT day were similar be-
tween groups.

In the CGM group, 41 of 147
women (27.9%) were treated with
insulin, although in the routine care
group, 23 of 189 (12.2%) patients
were administered insulin (Table 1).
In the CGM group, 20 women were
started on insulin based on SMBG
values, whereas another 21 women
initiated insulin therapy attributed
to CGM results. There was no dif-
ference in the duration of insulin
treatment between the 2 groups (Ta-
ble 1).

Glycemic control
Parameters of CGM are shown in Table 2. Variables in

the first and fifth weeks of the study are indicated by 1 and
2 (eg, MBG1 and MBG2), respectively. In the fifth week of
the study, the glycemic variability values and durations of
hyperglycemia (above 7.8 mmol/L) or hypoglycemia (be-
low 3.3 mmol/L) were lower than those recorded in the
first week in each group (P � .001). When comparing
these variables between the 2 groups after the 4-week in-
tervention, notably lower values of SDBG2, MAGE2, and
MODD2 were detected in the CGM group (P � .001).
Significantly shorter durations of hyperglycemia and hy-
poglycemia were detected in the CGM group (P � .001).
Only 3.4% women experienced hypoglycemia for more
than 30min/d in the CGM group compared with 19.4%
women in the routine care group (P � .001).

Pregnancy outcomes
In total, 336 women delivered 332 living infants. Two

women miscarried in the second trimester (1 in each
group) and 2 women experienced intrauterine fetal death
in the routine care group (Figure 1). Maternal outcomes
are shown in Table 3. The incidence of preeclampsia was
significantly lower in women with CGM than patients
with SMBG alone. There was no difference in the inci-

Figure 1. Subject distribution.
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dence of cesarean section between the groups. After ex-
cluding repeat cesarean deliveries, 51 of 147 (34.7%) pa-
tients had primary cesarean delivery in the CGM group
compared with 88 of 189 (46.6%) patients in the routine
care group (P � .028).

Neonatal outcomes are compared in Table 3. More
neonates were born at gestational age before 37 weeks in
the routine care group than in the CGM group (P � .05).
The mean birth weight of neonates of mothers in the CGM
group was an average of 207 g less than that in the routine
care group (P � .001). It should be noted that the median
customized birth weight percentile in the CGM group was

66% compared with 82% in the routine care group (P �
.001). The frequency of macrosomia or LGA neonates
born to mothers in the CGM group was fewer than that in
the routine care group (P � .05). Significantly fewer ne-
onates in the CGM group experienced hypoglycemia, hy-
perbilirubinemia, or RDS than in the routine care group
(P � .05). As a result, the incidence of composite neonatal
outcome in the CGM group was notably lower (P � .001).

The pregnancy outcomes were compared in patients
with or without insulin treatment. As shown in Table 3,
patients treated with diet only had significantly lower rates
of primary cesarean section and composite neonatal out-

Table 1. Clinical Characteristics of Women With GDMa

Maternal Characteristics
CGM Group
(n � 147)

Routine Care
Group (n � 189)

P
Value

Maternal age, y 32 (28–36) 30 (28–34) .181
Primipara, n (%) 86 (58.5) 113 (59.8) .812
Prepregnancy BMI (kg/m2) 22.8 � 3.1 22.2 � 2.8 .062
HbA1c level at OGTT day, % 5.3 � 0.4 5.3 � 0.5 .566
OGTT glucose, mmol/L

Fasting 4.7 (4.4–5.2) 4.7 (4.4–5.1) .359
1-h 10.3 (9.7–11.1) 10.3 (9.7–11.0) .727
2-h 8.9 (8.6–9.7) 9.0 (8.4–9.4) .391

Gestational age on recruitment day, wk 26 (25–27) 26 (25–27) .06
Blood pressure on recruitment day, mm Hg

Systolic 110 � 11 110 � 9 .853
Diastolic 66 � 8 66 � 7 .36

Received insulin, n (%) 41 (27.9) 23 (12.2) �.001
Duration of insulin administration, d 77 � 12 71 � 18 .09

a Data are expressed as mean � SD or median (IQR) unless indicated otherwise.

Table 2. Parameter Characteristics of Glycemic Variability From CGM Data in Women With GDMa

CGM Group
Routine Care
Group

P
Value

Variables in the first week
n 147 189
MBG1, mmol/L 6.0 � 0.8 6.1 � 0.9 .273
SDBG1, mmol/L 1.3 � 0.4 1.3 � 0.4 .832
MAGE1, mmol/L 3.0 � 1.1 3.1 � 0.9 .627
MODD1, mmol/L 1.4 � 0.4 1.5 � 0.4 .358
Duration of glycemia �7.8 mmol/L, min/d 90 (40–195) 100 (50–197) .435
Duration of glycemia �3.3 mmol/L, min/d 5 (0–105) 0 (0–70) .697
Duration of glycemia �3.3 mmol/L �30 min/day, n (%) 52 (35.4) 62 (32.8) .622

Variables in the fifth weekb

n 145c 186c

MBG2, mmol/L 5.7 � 0.5 5.7 � 0.7 .253
SDBG2, mmol/L 0.8 � 0.3 1.1 � 0.4 �.001
MAGE2, mmol/L 1.8 � 0.6 2.4 � 0.9 �.001
MODD2, mmol/L 1.0 � 0.2 1.2 � 0.3 �.001
Duration of glycemia �7.8 mmol/L, min/d 0 (0–25) 60 (0–111) �.001
Duration of glycemia �3.3 mmol/L, min/d 0 (0–0) 0 (0–25) �.001
Duration of glycemia �3.3 mmol/L �30 min/d, n (%) 5 (3.4) 36 (19.4) �.001

a Data are expressed as mean � SD or median (IQR) unless indicated otherwise. Variables in the first and fifth weeks of study are indicated by 1
and 2 (eg, MBG1 and MBG2), respectively.
b In the fifth week, the values of MBG, SDBG, MAGE, MODD, and duration of hyperglycemia (�7.8 mmol/L) or hypoglycemia (�3.3 mmol/L) were
lower than those recorded in the first week in each group (P � .001).
c Two women in the CGM group and 3 women in the routine care group failed to wear the CGMS because of miscarriage or preterm delivery
before the fifth week of study.
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come in the CGM group than in the routine care group.
Neonates of mothers without insulin therapy also had
lower birth weight and birth weight percentile in the CGM
group. Such differences were not found in women treated
with both insulin and diet.

Risk factors associated with both maternal and
neonatal outcome measures

Age, primipara, prepregnancy BMI, gestational age on
recruitment day, insulin treatment, fasting OGTT, 1-hour
OGTT, 2-hour OGTT, HbA1c, MBG1, SDBG1, MAGE1,
MODD1, MBG2, SDBG2, MAGE2, and MODD2 were in-
dependentvariablesentered intothemultivariableregression
models. The linear stepwise multiple regression analysis was
used to explore the associations between those variables and
birth weight or birth weight percentile. Only MAGE2 en-

tered the model. MAGE2 was strongly associated with birth
weight (� � 0.196, P � .001, r2 � 0.238) and birth weight
percentile (� � 0.181, P � .001, r2 � 0.133).

As shown in Table 4, multivariable binary logistic re-
gression indicated that MAGE2 was the independent fac-
tor for preeclampsia (odds ratio [OR], 3.66; 95% confi-
dence interval [CI] 2.16–6.20), macrosomia (OR, 1.90;
95% CI 1.19–3.04), neonatal hypoglycemia (OR, 1.63;
95% CI 1.07–2.48), and composite neonatal outcome
(OR, 1.34; 95% CI 1.01–1.77). MBG1 was found to be
another independent risk factor for LGA and SGA, neo-
natal RDS, and composite neonatal outcome.

Safety and accuracy of CGMS
The CGMs were generally well tolerated. None of the

patients experienced irritation or infection at the insertion

Table 3. Pregnancy Outcomes of Women With GDM Who Did or Did Not Receive Insulina

Pregnancy
outcomes

All
Women With
Insulin Treatment

Women Without
Insulin Treatment

CGM
Group

Routine
Care
Group

P
Value

CGM
Group

Routine
Care
Group

P
Value CGM Group

Routine
Care
Group

P
Value

Maternal outcomes
n 147 189 41 23 106 166
Miscarriages, n 1 1 0 0 1 1
Intrauterine fetal

deaths, n
0 2 0 0 0 2

Preeclampsia, n (%) 5 (3.4) 19 (10.1) .019 1 (2.4) 2 (8.7) .256 4 (3.8) 17 (10.2) .051
Primary cesarean

delivery, n (%)
51 (34.7) 88 (46.6) .028 13 (31.7) 7 (30.4) .916 38 (35.5) 81 (48.8) .036

Repeat cesarean
delivery, n (%)

29 (19.7) 36 (19) .876 8 (20) 4 (17.4) .8 21 (19.8) 32 (19.3) .914

Neonatal outcomes
n 146b 186b 41 23 105b 163b

Gestational age
at delivery, wk

38 (37–39) 39 (38–39) .065 39 (38–39) 38 (38–39) .123 38 (37–39) 39 (38–39) .015

Premature delivery,
n (%)

7 (4.8) 22 (11.8) .024 2 (4.9) 2 (8.7) .545 5 (4.8) 20 (12.3) .039

Birth weight, g 3138 � 484 3345 � 508 �.001 3142 � 461 3167 � 587 .852 3136 � 495 3370 � 493 �.001
Birth weight percentile 66 (35–82) 82 (64–91) �.001 65 (33–82) 75 (60–89) .056 67 (38–82) 82 (66–91) �.001
Macrosomia, n (%) 6 (4.1) 20 (10.8) .025 2 (4.9) 2 (8.7) .545 4 (3.8) 18 (11) .035
LGA, n (%) 20 (13.7) 48 (25.8) .01 6 (14.6) 5 (21.7) .47 14 (13.3) 43 (26.4) .011
SGA, n (%) 9 (6.2) 5 (2.7) .202 3 (7.3) 1 (4.3) .638 6 (5.7) 4 (2.5) .169
Obstetric trauma, n 0 1 0 0 0 1
Intensive neonatal

care,c n (%)
138 (94.5) 177 (95.2) .793 39 (95.1) 22 (95.7) .923 99 (94.3) 155 (95.1) .772

Hypoglycemia, n (%) 8 (5.5) 26 (14) .011 2 (4.9) 3 (13) .243 6 (5.7) 23 (14.1) .031
Hyperbilirubinemia,

n (%)
4 (2.7) 18 (9.7) .012 1 (2.4) 2 (8.7) .256 3 (2.9) 16 (9.8) .03

RDS, n (%) 2 (1.4) 11 (5.9) .034 0 1 (4.3) .178 2 (1.9) 10 (6.1) .102
Composite neonatal

outcome,d n (%)
40 (27.4) 92 (49.5) �.001 12 (29.3) 11 (47.8) .138 28 (26.7) 81 (49.7) �.001

a Data are expressed as mean � SD or median (IQR) unless indicated otherwise.
b Two women miscarried in the second trimester (1 in each group), and 2 women experienced intrauterine fetal death in the routine care group.
c The neonates of women with GDM undergo intensive neonatal care except if their parents refuse.
d Composite neonatal outcome refers to 1 or more of the following neonatal outcomes: premature delivery, macrosomia, LGA, SGA, obstetric
trauma, hypoglycemia, hyperbilirubinemia, or RDS.
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site. The sensor was replaced on 3 occasions when an
electrode had fallen off.

The accuracy of CGMS in this study was optimal. The
correlation coefficient between SMBG and CGM values
was 0.861 (P � .001). The mean absolute difference, de-
fined as the average difference between sensor and meter
readings expressed as a percentage, was 10.3% � 3.4% in
the current study (24).

Patient compliance
Three patients in the CGM group and 1 patient in the

routine care group was lost to follow-up because of giving
up to insist on regular CGM or SMBG as required (Figure
1). The mean duration of the CGMS registration period
was 66.8 � 2.3 hours. The total days of SMBG in both
groups were 28 426, of which 93.6% achieved 7 capillary
blood glucose measurements per day, 6.3% achieved 5 to
6 measurements per day, 0.1% achieved 4 measurements
per day, and none achieved fewer than 4 times per day.

Discussion

Murphy et al (17) have confirmed that CGM use was
associated with improved glycemic control and improved

fetal outcome in pregnant women with type 1 and type 2
diabetes. The present study is the first to show that women
with GDM using CGMS also experienced better glycemic
control and improved pregnancy outcomes by reducing
the risk of preeclamsia and cesarean delivery, decreasing
the birth weight, and improving neonatal complications.

The American Diabetes Association suggests that
SMBG is a component of effective therapy for glucose
control and is recommended 3 or more times daily in preg-
nant women taking insulin (1). Because postprandial hy-
perglycemia is the main manifestation for GDM, 1- to
2-hour glucose measurements are currently performed.
The most rigorous SMBG protocols however, only require
postprandial glucose measurements 3 times a day, poten-
tially resulting in patients missing the peak glucose level,
thus underestimating their postprandial glucose excur-
sion. Jovanovic (25) reported that the elevations of blood
glucose detected by CGMS often occur shortly after pa-
tients recorded their postprandial SMBG measurements.
Bühling and colleagues (26) have revealed that the post-
prandial glucose peak was reached after a mean of 74
minutes in 13 GDM and 4 type 1 diabetic pregnant
women. Kestilä et al (16) demonstrated that the optimal
timing of postprandial glucose measurements in patients
with GDM varies according to the composition of each
meal and that single SMBG measurements can miss the
highest peak values. The CGMS, with the advantage of
continuous measurements, may facilitate the detection of
all postprandial peaks and register the effects of meals.
Furthermore, a longer, asymptomatic period of low blood
glucose levels can easily be detected by CGMS in patients
with GDM (13). In the current study, for women in the
CGM group, the data of SMBG were analyzed according
to the glucose fluctuations of CGMS. The peak postpran-
dial glucose levels were not allowed to rise over 7.8
mmol/L for more than 10 min/d, and the duration of
asymptomatic hypoglycemia was not permitted to exceed
30 min/d. Appropriate solutions in terms of changes to
diet, activity, and insulin regimens were put into place if
such events occurred. As a result, more women in the
CGM group received an insulin regimen than in the rou-
tine care group (27.9% compared with 6.9%) and reached
a shorter time of hyperglycemia for CGMS use. Never-
theless, the duration of hypoglycemia in the CGM group
was not longer but rather shorter than that in the routine
care group.

Glycemic variability, as a component of glycemic dis-
orders, has more deleterious effects than sustained chronic
hyperglycemia in the development of diabetic complica-
tions (27). In the present study, MBG, SDBG, MAGE, and
MODD were used to analyze glycemic variability. The
SDBG is one of the simplest and most effective parameters

Table 4. Multivariable Binary Logistic Analysis:
Significant Factors Relating to Pregnancy Outcomes

Adjusted OR
(95% CI)

P
Value R2

Preeclampsia 0.187
MAGE2 3.66 (2.16–6.20) �.001

Primary cesarean delivery 0.102
MAGE2 1.27 (0.96–1.68) .101
Primipara

No 1.00 �.001
Yes 3.11 (1.94–5.01)

Macrosomia 0.151
MAGE2 1.90 (1.19–3.04) .007

LGA and SGA 0.142
MAGE2 1.07 (0.78–1.45) .692
MBG1 1.61 (1.17–2.21) .003

Hypoglycemia 0.132
MAGE2 1.63 (1.07–2.48) .022

RDS 0.143
MAGE2 1.65 (0.78–3.49) .192
MBG1 2.31 (1.05–5.09) .037
MAGE1 1.73 (1.04–2.90) .036

Composite neonatal
outcome

0.237

MAGE2 1.34 (1.01–1.77) .042
MBG1 1.33 (1.01–1.77) .044

MAGE2 was a designated risk factor entered into the model, and
forward stepwise analysis was used for other factors (age, primipara,
prepregnancy BMI, gestational age at recruitment day, insulin
treatment, OGTT fasting, 1-hour OGTT, 2-hour OGTT, HbA1c, MBG1,
SDBG1, MAGE1, MODD1, MBG2, SDBG2, and MODD2). Data are
expressed as adjusted ORs (95% CI). Variables in the first and fifth
weeks of study are indicated by 1 and 2 (eg, MBG1 and MBG2),
respectively.
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for assessing glycemic variability and has been shown to be
closely correlated with most other glucose variability pa-
rameters (19). The MAGE is a parameter designed to
quantify major glycemic swings, ignoring minor changes,
and was used for assessing intra-day glycemic variability
in this study. After 4 weeks intervention, the MBG levels
were improved but similar between the CGM and the rou-
tine care group. The SDBG, MAGE, and MODD values of
the CGM group were, however, significantly lower than
those of the routine care group. A positive association was
observed between MAGE (in the fifth week of the study)
and birth weight and customized birth weight centile. Dal-
frà et al (28) indicated that although patients with GDM
had glycemic variability indices only slightly higher than
those of controls, even such a modest increase can still inter-
fere with fetal growth. Glycemic variability and birth weight
of neonates of women with GDM were improved by means
of CGM in the present study. In addition, the glycemic vari-
ability indice of MAGE was found to be the independent
determiner of birth weight and customized birth weight cen-
tile. Such results indicate that CGM may interfere with fetal
growth via improved glycemic variability.

There is increasing evidence that glucose instability ini-
tiates oxidative stress that leads to acute vascular compli-
cations (10, 29). Oxidative stress plays a role in pregnan-
cies at risk of preeclampsia as a result of impaired
endothelial function (30, 31). In a 2008 study, Ceriello et
al (29) reported that oscillating glucose levels can have a
more deleterious effect than constant high glucose on en-
dothelial function and oxidative stress, which are impor-
tant factors in the pathogenesis of preeclampsia. The
MAGE is believed to be the gold standard index for as-
sessing glucose fluctuations in prospective interventional
trials designed to estimate glucose variability (10). The
current study demonstrated that the MAGE in women
with GDM after 4 weeks intervention was strongly asso-
ciated with the risk of preeclampsia. Indeed, with the sup-
plemental tool of CGMS, patients with GDM showed
lower MAGE values and reduced risk of preeclampsia.
Accordingly, it may be proposed that use of CGMS can
prevent glycemic variability and lower the risk of
preeclampsia.

In a 2008 Hyperglycemia and Adverse Pregnancy Out-
come study (6), weaker associations were found between
glucose levels and primary cesarean delivery or clinical
neonatal hypoglycemia but a positive association between
increasing plasma glucose levels and each of the 5 second-
ary outcomes: premature delivery, shoulder dystocia or
birth injury, intensive neonatal care, hyperbilirubinemia,
and preeclampsia. In the present study, MAGE (in the fifth
week of study) was found to be predictive of preeclampsia,
macrosomia, neonatal hypoglycemia, and composite neo-

natal outcome. It follows therefore that using CGMS may
decrease the risk of neonatal complications by improving
glycemic variability, because the mean value of MAGE
after treatment was lower in the CGM group. MBG (in the
first week of study) was also found to be another inde-
pendent risk factor for LGA and SGA, neonatal RDS, and
composite neonatal outcome. It indicates that the baseline
MBG level before treatment may also predict the neonatal
outcomes, which needs further study.

In the CGM group, a higher rate of insulin treatment
was determined based on CGM results. To evaluate the
influence of insulin on outcomes, the pregnancy outcomes
were compared in patients treated with or without insulin
between groups. As a result, better outcomes were found
in the CGM group with only nutrition therapy. Patients
who received insulin did not have those statistical differ-
ences between the 2 groups; however, the sample size of
subjects with insulin treatment was too small to have pos-
itive results. Consequently, it cannot be proved whether
the additional insulin therapy caused by CGM could lead
to a better pregnancy outcome in the current study, but it
was revealed that patients with GDM can apparently ben-
efit from CGM without insulin treatment.

Several limitations existed in the current study. In the
routine care group, the CGM data used to calculate gly-
cemic variability were only obtained in the first and fifth
weeks of the study, which did not represent glycemic sta-
bility for the entirety of the pregnancy. Consequently,
when the associations between these glycemic variability
values and pregnancy outcomes were analyzed, some re-
sults should be viewed as only partial. If the glycemic vari-
ables were recorded throughout the pregnancy, the results
would be more conclusive. In addition, the sample size was
inadequate for substantial positive cases of neonatal com-
plications. Thus, a multicenter and large-scale prospective
clinical trial is required to test the efficacy and utility of
CGMS for women with GDM.

In conclusion, the findings of the present study suggest
that the use of supplementary CGM combined with rou-
tine antenatal care can improve the glycemic variability
and pregnancy outcomes in patients with GDM.
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