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Using the 100-g Oral Glucose Tolerance Test to
Predict Fetal and Maternal Outcomes in Women with
Gestational Diabetes Mellitus

Chia-Hung Lin, MD; Shih-Fen Wen, BSc; Ya-Hui Wu, BSc; Miau-Ju Huang, MD

Background: This 5-year cohort study investigated gestational diabetes mellitus (GDM)
using new diagnostic criteria and predictive factors for maternal and fetal
outcomes.

Methods: From March 2001 to February 2006, 8557 pregnant women underwent a 50-
g glucose challenge test (GCT) at 24 to 28 weeks of gestation. A diagnosis of
GDM was based on a a one-hour plasma glucose level = 140 mg/dl on the
50 g GCT, followed by at lease two abnormal values on a 100-g oral glucose
tolerance test (OGTT), according to the Carpenter and Coustan modification
of the National Diabetes Data Group (NDDG) criteria. Maternal and fetal
outcomes were compared with women with normal glucose tolerance (NGT).

Results: The incidence of GDM was 7.4%. After excluding women with twin preg-
nancies, 617 women with GDM and 1250 women with NGT were enrolled
for comparison. Older age (33.7 = 4.1 vs. 32.2 £4.1, p < 0.001), lower
weight gain during pregnancy (13.2 = 4.4 vs. 14.6 = 4.0 kg, p < 0.001), and
higher rates of caesarean section (43.8% vs. 32.7%, p < 0.001) occurred in
women with GDM compared to those in the NGT group. The rates of macro-
somia and neonatal death were higher in the GDM group than the NGT
group (7.0% vs. 1.9%, p < 0.001 and 0.6% vs. 0.0%, p = 0.005 respectively).
The fasting glucose on the 100-g OGTT was positively correlated with birth
weight in the GDM group (r = 0.117, 95% CI 0.038-0.194, p = 0.004). A
value exceeding 90 mg/dl was 80% sensitive and 50% specific for macroso-
mia.

Conclusions: The incidence of GDM in Taiwan is increasing more than before based on
current diagnostic criteria. The fasting glucose on the 100-g OGTT correlates
closely with birth weight and is also an independent risk factor for macroso-
mia. Focusing on women with fasting blood glucose concentrations > 90
mg/dL is anticipated to improve outcomes effectively.
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estational diabetes mellitus (GDM) is associated

with increased risks of maternal and perinatal
complications."® Various criteria exist for diagnos-
ing this disease. The most widely accepted diagnos-
tic test is the 100-g oral glucose tolerance test
(OGTT) proposed by O’Sullivan and Mahan in
1964® and modified in 1973.® Subsequently, in
1979, the National Diabetes Data Group (NDDG)
recommended conversion of the O’Sullivan criteria
from whole blood to plasma or serum values.© In
1982, Carpenter and Coustan hypothesized that the
NDDG conversion of the O’Sullivan and Mahan val-
ues from the original Somogyi-Nelson determina-
tions may have resulted in values that were high by
about 5 mg/dl. Carpenter and Coustan proposed new
cutoff values for plasma glucose that appeared to
more accurately represent the original O’Sullivan
and Mahan determinations.” Recommendations from
the Fourth International Workshop-Conference on
Gestational Diabetes Mellitus, held by the American
Diabetes Association (ADA) in March 1997 support-
ed the use of the Carpenter and Coustan diagnostic
criteria. The ADA began to recommend the new
diagnostic criteria by Carpenter and Coustan in their
position statement released in 2000.® The wide-
spread use of these new diagnostic criteria will sig-
nificantly increase the incidence of GDM.
Intervention at a lower blood glucose level in the
prevention of major complications of GDM, particu-
larly macrosomia, was evaluated based on different
criteria.”” This study examined the current incidence
of GDM in Taiwan based on these new diagnostic
criteria and determined the predictors of fetal and
maternal outcomes using the 100-g OGTT.

METHODS

From March 2001 to February 2006, a total of
8557 women were screened using the 50-g glucose
challenge test (GCT) at 24 to 28 weeks of gestation.
Diagnosis of GDM was based on a one-hour plasma
glucose level = 140 mg/dl on the 50-g GCT, fol-
lowed by at least two abnormal values on a 100-g
OGTT. All women diagnosed with GDM fulfilled
the Carpenter and Coustan modification of the
NDDG criteria which required at least two of the fol-
lowing blood glucose levels: fasting glucose = 95
mg/dL, 1-hour = 180 mg/dL, 2-hour = 155 mg/dL,
and 3-hour = 140 mg/d1.7®
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The women diagnosed with GDM were referred
immediately to our multidisciplinary team for
aggressive management. Women with GDM were
given medical nutrition counseling and instructed to
restrict caloric intake to 1500-1800 Kcal/day with
carbohydrate 180-250 g/day divided into three meals
with snacks between."” The educators sought to
modify patient lifestyle to achieve an optimal body
weight. Self-monitoring of blood glucose was per-
formed at least twice daily, with weekly reports to
the team. If blood glucose exceeded the standard,
patients were asked to undergo biweekly follow- ups
at our metabolism clinic. Insulin therapy with pre-
meal short-acting insulin and bedtime intermediate-
acting insulin was recommended if the fasting blood
glucose = 105 mg/dl or 1-hour glucose = 155
mg/dl. Diabetic educators and diabetologists per-
formed clinical evaluations biweekly with monitor-
ing by an obstetrician.

Patient age, parity, and weight gain during preg-
nancy were recorded. Moreover, pregnancy out-
comes including preeclampsia, polyhydramnios,
infant birth weight, and neonatal death were ana-
lyzed. Women with normal glucose tolerance (NGT)
were matched for comparison. Birth weights were
correlated with the results of the 100-g OGTT.
Macrosomia (2 4000 g) was the primary outcome in
this study. Informed consent was obtained from each
subject.

Differences between groups in continuous vari-
ables were tested using independent-samples
Student’s t-test. Differences in proportions were
assessed by the chi-square test or Fisher’s exact test.
Pearson’s correlation coefficient was used to test the
correlation between the 100-g OGTT results and
birth weight. Multiple linear regression models were
used to predict birth weight. Multiple logistic regres-
sion analysis with backward selection was applied to
identify independent risk factors for maternal and
fetal outcomes. Results were expressed as means =+
SD or %. The level of statistical significance was set
at a p-value of 0.05 or less.

RESULTS

Among the 8557 pregnant women undergoing
the 50-g glucose challenge test, 2314 (27%) tested
positive and 1906 (22.3%) received a 100-g OGTT.
Among this latter group, 636 were diagnosed with
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GDM. The incidence of GDM in the study popula-
tion thus was at least 7.4% (Fig.1).

After excluding women with twin pregnancies,
617 women with GDM and 1250 with NGT were
enrolled to compare maternal and fetal morbidity.
Table 1 reveals that women with GDM were older
than women with NGT (33.7 £ 4.1 vs. 322 £4.1,p
< 0.001), and gained less weight during pregnancy
(13.2 4.4 vs. 14.6 £4.0 kg, p < 0.001). Further-
more, the rate of caesarean section was considerably

[ 50-g GCT Screening ]

> 140 mg/dl < 140 mg/dl
2314 (27.0%)

6243 (73.0%)
OGTT NO OGTT

1906 (22.3%) 408 (4.8%)

.

GDM NGT

636 (7.4%)

Abbreviations: GCT: glucose challenge test; OGTT: oral
glucose tolerance test; GDM: gestational diabetes mellitus;
NGT: normal glucose tolerance.

1270 (14.8%)

Fig. 1 Enrollment and Outcomes.

Table 1. Comparison of Maternal Outcomes between Women
with GDM and NGT

GDM NGT p value*
Number 617 1250 -
Age (years) 33.7 £ 4.1 32241 <0.001

Weight gain (kg) 132 =44 146 40 <0.001
Polyhydramnios 2 (0.3%) 4(0.3%) 0.878
Preeclampsia 28 (4.5%) 33 (2.6%) 0.063

Cesarean delivery 270 (43.8%) 409 (32.7%) <0.001

higher in women with GDM than in those with NGT
(43.8% vs. 32.7%, p < 0.001 respectively). The rate
of preeclampsia was not significantly different after
adjustment for maternal age (4.5% vs. 2.6%, p =
0.063). Polyhydramnios, known as a maternal com-
plication in GDM, did not differ between two
groups. The newborns in the GDM group were
markedly heavier than those in the NGT group
(3265.3 £491.6 vs. 3194.2 £425.9 g, p = 0.007)
(Table 2). The rates of macrosomia and neonatal
death were higher in the GDM than the NGT group
(7.0% vs. 1.9%, p < 0.001 and 0.6% vs. 0.0%, p =
0.005 respectively).

Correlations between the 100-g OGTT results
and neonatal birth weight were analyzed in the GDM
group. There were no significant correlations among
the 1-hour, 2-hour, and 3-hour glucose values and the
area under curve (AUC). A significant positive cor-
relation was found only for fasting glucose (r =
0.117, 95% CI 0.038-0.194, p = 0.004) (Fig. 2). The
multiple linear regression models demonstrated that
every 1 mg/dl increase in fasting glucose on the 100-
g OGTT predicted a 5.781 g increase in birth weight
(95% CI 3.333-8.229, p < 0.001) following adjust-
ments for age, cesarean delivery, weight gain during
pregnancy, 50-g GCT and the other three 100-g
OGTT values. A value exceeding 90 mg/dl was 80%
sensitive and 50% specific for macrosomia.
Furthermore, multiple logistic regression analysis
demonstrated that the fasting glucose value on the
100-g OGTT in women with GDM and weight gain
during pregnancy were independent risk factors for
infant macrosomia (odds ratio 1.036, 95% CI 1.019-
1.053, p < 0.001 and 1.160, 95% CI 1.076-1.250, p <
0.001 respectively) (Table 3).

Table 2. Comparison of Fetal Outcomes between GDM and
NGT Groups

GDM NGT p value
Number 617 1250 -
Neonatal birth 32653 £491.6 319424259 0.007
weight (g)
Macrosomia 43 (7.0%) 24 (1.9%) <0.001
(Z 4000 g)
Neonatal death 4(0.6%) 0 (0.0%) 0.005

Abbreviations: GDM: gestational diabetes mellitus; NGT: nor-
mal glucose tolerance; *: Values were adjusted for maternal age.
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Fig. 2 Correlation between fasting (AC) glucose values on the 100-g oral glucose tolerance test (OGTT) and neonatal birth weight
in 617 women with gestational diabetes mellitus.

Table 3. Independent Predictive Factors of Macrosomia in the most recent project evaluating women with GDM
Women with GDM Based on Multiple Logistic Regression in Taiwan. The incidence of GDM in this investiga-
Analysis tion was up to 7.4%, higher than the 2.03% previous-
Logistic ~ Odds ly reported in Taiwan."” The reasons for this signifi-

. . . 95% CI p value . . . ..
coefficient  ratio cant increase are the new diagnostic criteria set at
Fasting glucose 0.036 1.036  1.019-1.053 <0.001 lower glucose levels® and younger population in the
on the 100-g previous report."” Of women with a positive 50-g
OGTT (mg/dl) glucose screening test in this study, 82.4%
Weight gain (kg) 0.148 1160 1.076-1.250 < 0.001 (1906/2314) underwent a subsequent 100-g OGTT.

Women with GDM could effectively be identified by
the screening system used in this study.
Abbreviations: GDM: gestational diabetes mellitus; OGTT: Since the change in diagnostic criteria, this was
oral glucose tolerance test. the first cohort investigation based on intervention at
a lower blood glucose level in Taiwan. The women
with GDM were older on average than those with
NGT (Table 1). Age thus is an important considera-

Intercept -8.559

DISCUSSION tion in risk assessment for GDM.®'» The lower
weight gain in the GDM group compared with the
This prospective cohort investigation represents NGT group was a positive result of intervention.
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This phenomenon was attributed to a program of
lifestyle modification and diet control. Although this
study found a higher rate of preeclampsia among
women with GDM than women with NGT, the rate
was lower than those in other Taiwanese studies
(16.1-19.7%)."" The rate of cesarean delivery associ-
ated with GDM has been reported to be approximate-
ly 30% for all indications.*¥ In this investigation, an
increased rate of cesarean delivery in the GDM
group was related to the obstetrician attitudes toward
a diagnosis of GDM in Taiwan. The rate of polyhy-
dramnios was similar in the two groups. The mecha-
nism of polyhydramnios associated with diabetes is
unclear and an increased glucose concentration in the
amniotic fluid may play a role.”® However, Biggio
et. al. demonstrated that polyhydramnios caused by
diabetes is generally mild and does not considerably
increase the risk of an adverse outcome."?

Casey et al. estimated that approximately one in
eight women with GDM delivers a large for gesta-
tional age (LGA) infant.? A major fetal effect of
GDM is macrosomia. A continuous relationship has
been documented between glucose concentration and
fetal growth, even in normoglycemic women.">'®
The incidence of macrosomia can be reduced by con-
trolling glucose.® However, effective education and
achieving control of glucose is difficult in most
women with GDM. In Table 2, the rate of macroso-
mia in the GDM group was still higher than that in
the NGT group. Although multidisciplinary care was
provided as possible to the women with GDM sur-
veyed in the present cohort, newborn outcomes were
not identical in the GDM and NGT groups. The
increasing number of women with GCM and the
shortage of clinical practitioners are reasons why
active glycemic control failed to achieve any
improvement in the study population. Consequently,
it is necessary to identify high risk women and
develop cost-effective and labor-saving strategies to
reduce macrosomia. Schrader et al raised the concept
of correlations between the fasting blood glucose on
the 100-g OGTT and infant birth weight in women
who do not meet the criteria for GDM."” This cohort
study demonstrated a positive correlation between
glucose concentration and fetal growth in women
with GDM. Multiple logistic regression models fur-
ther documented that the fasting blood glucose on
the 100-g OGTT was an independent risk factor for
macrosomia. Therefore, women with GDM with
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fasting glucose values exceeding 90 mg/dl in the
100-g OGTT are candidates for intensive blood glu-
cose control to prevent adverse perinatal outcomes.

Women with GDM have a non significantly
higher rate of preeclampsia than women with NGT
in this study. Preeclampsia is recognized as a state of
proinflammatory changes and is closely related to
insulin resistance."” The incidence of preeclampsia is
reported about three times higher in pregnant women
with diabetes than in those without diabetes.®” The
non significantly different rates of preeclampsia
between two groups reflect the effect of glucose con-
trol in women with GDM in this study.

A fasting glucose value on the 100-g OGTT was
also identified as an independent risk factor in pre-
dicting postpartum diabetes or abnormal glucose tol-
erance.?” Both perinatal outcome and postpartum
metabolic status are key concerns in women with
GDM. Using this simple indicator, it is possible to
easily identify high risk women with GDM and pro-
vide care.

Intensive treatment of GDM has been well doc-
umented to reduce serious perinatal morbidity in
Caucasians.” But the outcomes in women with
GDM in this study were not significantly improved
when compared to women with NGT, even after
active control of blood glucose. Infrequent self-mon-
itoring of blood glucose (twice daily on average) and
a low percentage of good control were possible fac-
tors. This is an important topic which we need to
explore in further study of Taiwanese GDM care.

In conclusion, the incidence of GDM in Taiwan
has increased after applying current diagnostic crite-
ria. Older age, less weight gain during pregnancy,
and higher rates of cesarean section are characteris-
tics of the GDM population with the multidiscipli-
nary medical management examined in this study.
The fasting glucose on the 100-g OGTT correlates
closely with birth weight and is also an independent
risk factor for macrosomia. This study recommends
active medical and nutritional therapy for women
with GDM with fasting blood glucose concentrations
> 90 mg/dL. Through selection of high risk women,
it is anticipated that maternal and fetal outcomes will
effectively improve.

Acknowledgements
The authors would like to thank the National
Science Council of the Republic of China, Taiwan



for financially supporting this research under
Contract No. NSC 89-2314-B-182A-020. We would
also like to express our appreciation for a grant from
the Chang Gung Medical Research Fund (CMRP
1263).

10.

REFERENCES

. Blank A, Grave GD, Metzger BE. Effects of gestational

diabetes on perinatal morbidity reassessed. Report of the
International Workshop on Adverse Perinatal Outcomes
of Gestational Diabetes Mellitus, December 3-4, 1992.
Diabetes Care 1995;18:127-9.

. Casey BM, Lucas MJ, MclIntire DD, Leveno KIJ.

Pregnancy outcomes in women with gestational diabetes
compared with the general obstetric population. Obstet
Gynecol 1997;90:869-73.

. Crowther CA, Hiller JE, Moss JR, McPhee AlJ, Jeffries

WS, Robinson JS, Australian Carbohydrate Intolerance
Study in Pregnant Women Trial Group. Effect of treat-
ment of gestational diabetes mellitus on pregnancy out-
comes. N Engl J Med 2005;352:2477-86.

. O’Sullivan JB, Mahan CM. Ceriteria for the oral glucose

tolerance test in pregnancy. Diabetes 1964;13:278-85.

. O’Sullivan JB, Mahan CM, Charles D, Dandrow RV.

Screening criteria for high-risk gestational diabetic
patients. Am J Obstet Gynecol 1973;116:895-900.

. National Diabetes Data Group. Classification and diagno-

sis of diabetes mellitus and other categories of glucose
intolerance. Diabetes 1979;28:1039-57.

. Carpenter MW, Coustan DR. Criteria for screening tests

for gestational diabetes. Am J Obstet Gynecol
1982;144:768-73.

. American Diabetes Association. Report of the Expert

Committee on the Diagnosis and Classification of
Diabetes Mellitus. Diabetes Care 2000;23:S4-19.

. Kwik M, Seeho SK, Smith C, McElduff A, Morris JM.

Outcomes of pregnancies affected by impaired glucose
tolerance. Diabetes Res Clin Pract 2007;77:263-8.
Jovanovic L. Role of diet and insulin treatment of dia-
betes in pregnancy. Clin Obstet Gynecol 2000;43:46-55.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Chia-Hung Lin, et al 288
100-g OGTT for outcomes in GDM

Taiwan Society of Perinatology 2001 Annual Report.
Gestational diabetes mellitus in Taiwan. Taipei: Taiwan
Society of Perinatology 2001:14-35.

Solomon CG, Willett WC, Carey VJ, Rich-Edwards J,
Hunter DJ, Colditz GA, Stampfer MJ, Speizer FE,
Spiegelman D, Manson JE. A prospective study of pre-
gravid determinants of gestational diabetes mellitus.
JAMA 1997;278:1078-83.

Dashe JS, Nathan L, Mclntire DD, Leveno KIJ.
Correlation between amniotic fluid glucose concentration
and amniotic fluid volume in pregnancy complicated by
diabetes. Am J Obstet Gynecol 2000;182:901-4.

Biggio JR Jr, Wenstrom KD, Dubard MB, Cliver SP.
Hydramnios prediction of adverse perinatal outcome.
Obstet Gynecol 1999;94:773-7.

Schrader HM, Jovanovic-Peterson L, Bevier WC,
Peterson CM. Fasting plasma glucose and glycosylated
plasma protein at 24 to 28 weeks of gestation predict
macrosomia in the general obstetric population. Am J
Perinatol 1995;12:247-51.

Bevier WC, Fischer R, Jovanovic L. Treatment of women
with an abnormal glucose challenge test (but a normal
oral glucose tolerance test) decreases the prevalence of
macrosomia. Am J Perinatol 1999;16:269-75.

Parretti E, Mecacci F, Papini M, Cioni R, Carignani L,
Mignosa M, La Torre P, Mello G. Third-trimester mater-
nal glucose levels from diurnal profiles in nondiabetic
pregnancies: correlation with sonographic parameters of
fetal growth. Diabetes Care 2001;24:1319-23.

Scholl TO, Sowers M, Chen X, Lenders C. Maternal glu-
cose concentration influences fetal growth, gestation, and
pregnancy complications. Am J Epidemiol 2001;154:514-
20.

Kaaja RJ, Greer IA. Manifestations of chronic disease
during pregnancy. JAMA 2005;294:2751-7.

Innes KE, Wimsatt JH, McDuffie R. Relative glucose tol-
erance and subsequent development of hypertension in
pregnancy. Obstet Gynecol 2001;97:905-10.

Lin CH, Wen SF, Wu YH, Huang YY, Huang MJ. The
postpartum metabolic outcome of women with previous
gestational diabetes mellitus. Chang Gung Med J
2005;28:794-800.

Chang Gung Med J Vol. 32 No. 3
May-June 2009



289

LA 100 25 5 % BE i 52 s e A P Ak ik il b v i ¢ W s 5l PR
WES BHIH RIBE Tk

B 5 ARAAFGTEARE » H4E4k$E K% (gestational diabetes mellitus, GDM) #9474 »
BATERM S FHRRAR > B EYE TR LTAZ G KM -

T3 3 #2001 £ 3 % 2006 4 2 A 5 £ 8557 {ilE 5 24 %] 28 A4 B2 S0 N EH
HHEi X% o GDM 85 BTZE LA 1 N EF6 e dE = 140 mg/dl » 3 B4 100 2
HH H¥ERT SR EF > £ %] Carpenter and Coustan 4 i i@ NDDG #5424 o &30 e s
L6 FA% LA K] AR ZEF (NGT) 894 o AF Hadk o

w2 BB SR AERIRILER 7.4% » 34 617 45 GDM A= 1250 42 NGT 8 5 6 k44 i A kb
# o GDM #= NGT #94f %48 )b T » A58 K (33.7 4.1 vs. 322141 R p <
0.001) » 1 I 28 T3 sk ¥ (132 £ 4.4 vs. 14.6 +4.0 kg, p < 0.001) » LB Z b
Ry 2\ M E (43.8% vs. 32.7%, p < 0.001) 89454 o B3y fo b & B9 £ 4,2 GDM 3
7 NGT #9474 (432 7.0% vs. 1.9%, p < 0.001 = 0.6% vs. 0.0%, p = 0.005)  f&
GDM #4744 » 3 100 N %) HAER AR T EE bt il (AC) el st AR E
2ZHEMBE (r=0.117,95% CI 0.038-0.194, p = 0.004) - ¥4 AC #2i% 90 mg/dl » 7T 324
— B R By 80% By EJE B 50% » R RTAREBLIE 69 7 ik o

SO B AHSEARZE AR - GDM £ &8 R 23 ety o 100 2 5 H 423X
BRPHEE AR EAREZRAEAN PELZ—BAH I ARTAINRF -
VA AC #838 90 mg/dl #) GDM 4741k BAF AR b 69 T 8678 » I T L 8 A A ETA
BER
(= FEB23E 2009;32:283-9)

BRGEET : 4£9R¥E s o W HHEA SR > Hlk > BRET

REgdaibe bl bR s RIS BEb

SSCHW - RE(979 1 H2H 5 S Pl - REG974E6 19H

EIFVEE © EADERERAN » RPEHCSREbE BBACHRL o PREMR333 5 L40E B S5E © Tel.: (03)3281200§48821;
Fax: (03)3288257; E-mail: adronlin@cgmbh.org.tw; huangmjaa@ yahoo.com.tw



