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ABSTRACT

Background The usual approach to detecting ges-
tational diabetes mellitus is to screen all pregnant
women by measuring their plasma glucose after a
50-g oral glucose load at 24 to 28 weeks’ gestation.
Women are referred for an oral glucose-tolerance
test if the plasma glucose concentration one hour
later is =140 mg per deciliter (7.8 mmol per liter). We
hypothesized that the efficiency of screening could
be enhanced by considering women's risks of gesta-
tional diabetes on the basis of their clinical charac-
teristics.

Methods We studied 3131 pregnant women who
underwent both the screening and the diagnostic
tests. We randomly selected data on half the women
and used them to derive new screening strategies.
We categorized each woman'’s risk of gestational di-
abetes mellitus on the basis of her age, body-mass
index before pregnancy, and race. We developed
strategies that entailed no screening for low-risk
women, usual care for intermediate-risk women, and
universal screening with lower thresholds — plasma
glucose values of 130 mg per deciliter (7.2 mmol per
liter) or 128 mg per deciliter (7.1 mmol per liter) —
for high-risk women. The strategies were validated
with data on the other half of the women.

Results The new strategies allowed a 34.6 percent
reduction in the number of screening tests per-
formed (95 percent confidence interval, 32.3 to 37.0
percent) and detected 81.2 to 82.6 percent of the
women with gestational diabetes as compared with
the 78.3 percent detected through usual care. The
percentage of false positive screening tests was sig-
nificantly reduced, from 17.9 percent with usual care
to 16.0 percent (P=0.02) or 15.4 percent (P<0.001)
with the new strategies, depending on the threshold
values for high-risk women.

Conclusions Consideration of women’s clinical
characteristics allows efficient selective screening
for gestational diabetes. (N Engl J Med 1997;337:
1591-6.)
©1997, Massachusetts Medical Society.

ESTATIONAL diabetes mellitus is defined
as glucose intolerance first recognized
during pregnancy.? It is usually diagnosed
on the basis of an oral glucose-tolerance
test, with plasma glucose values measured while fast-
ing and hourly for three hours after the ingestion of
100 g of glucose. If two of the four values exceed
the thresholds recommended by the National Dia-
betes Data Group (see the Methods section),* gesta-

tional diabetes is diagnosed. According to these cri-
teria, 3 to 4 percent of pregnant women are affected.
Gestational diabetes is associated with an excess in-
cidence of fetal macrosomia, preeclampsia, and ce-
sarean section in the index pregnancy,>8 and on
long-term follow-up non-insulin-dependent diabe-
tes mellitus develops in approximately one third of
women who have ever had gestational diabetes.?

The results of randomized trials of dietary or in-
sulin treatment of gestational diabetes have not con-
clusively demonstrated that treatment benefits either
mothers or their infants.1%!! Both the U.S. Preventive
Services Task Force!? and the Canadian Task Force
on the Periodic Health Examination!? have there-
fore recommended neither for nor against routine
screening for gestational diabetes. However, universal
screening for gestational diabetes with a glucose-
challenge test has been endorsed by the American
Diabetes Association'* and the Second and Third
International Workshop-Conferences on Gestational
Diabetes!>l¢ — a policy applicable to 4.3 million
women annually in North America. The glucose-
challenge test entails oral administration of 50 g of
glucose at 24 to 28 weeks’ gestation, regardless of
the length of time since the last meal, with measure-
ment of plasma glucose one hour later. Women with
plasma glucose values =140 mg per deciliter (7.8
mmol per liter) are referred for a diagnostic 100-g
oral glucose-tolerance test.* In a 1991 survey com-
pleted by the directors of 200 American obstetrical
training programs, 97 percent of the respondents re-
ported that they followed these guidelines.!”

The glucose-challenge test as a screening method
was first proposed by O’Sullivan et al. in 1973.18 After
administering both the glucose-challenge test and a
100-g oral glucose-tolerance test to 752 randomly se-
lected pregnant women attending a maternity clinic
in Boston, they found that the glucose challenge test
had a sensitivity of 79 percent and a specificity of 87
percent for detecting gestational diabetes as defined
by the criteria later adopted by the National Diabetes
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Data Group.!8:19 Subsequent studies have attempted
to refine the glucose-challenge test, but they have not
included both screening and diagnostic tests for all
women. In contrast, in the Toronto Trihospital Ges-
tational Diabetes Project!:220 the diagnostic glucose-
tolerance test was administered to more than 3000
consenting women regardless of the results of the
screening glucose-challenge test. We have used this
unique data source to derive and validate a new ap-
proach to screening for gestational diabetes. Given
the continuing uncertainty about the merits of de-
tecting and treating this condition, our primary goal
was to reduce the burden of screening on women and
the health care system while maintaining rates of de-
tection similar to those of usual care.

METHODS
Overview

This was a secondary analysis drawing on data from our pub-
lished prospective study of 3131 pregnant women.22° We ran-
domly divided the women on a post hoc basis into two groups of
similar size — a derivation group and a validation group. We used
only the data from the derivation group to develop new screening
strategies for gestational diabetes. These strategies were then test-
ed in the validation group by comparing their effectiveness and
efficiency with those of usual care. The low incidence of gesta-
tional diabetes (3.5 percent) limited the statistical power to detect
and specify the relation between clinical characteristics and the
risk of gestational diabetes. Milder forms of gestational glucose
intolerance are also associated with adverse maternal and fetal
outcomes, 22023 and the combined incidence of diabetes and mild-
er forms of glucose intolerance in the derivation group was 10
percent. Therefore, we used multivariate analysis to develop a
simple scoring system that specified women’s risks of gestational
glucose intolerance on the basis of clinical factors (e.g., age, race,
and body-mass index [the weight in kilograms divided by the
square of the height in meters]). We confirmed that the scoring
system remained valid for predicting gestational diabetes alone.

Clinical scores were then used to assign each woman to one of
three risk subgroups. For efficiency and ease of use, we aimed to
forgo screening altogether in low-risk women, retain the usual
screening-test thresholds if possible for intermediate-risk women,
and set new, lower plasma glucose thresholds for high-risk wom-
en. Increased rates of detection in high-risk women would then
offset cases missed in the unscreened low-risk women.

Strategies showing high detection rates and low false positive
rates in the derivation group were validated in the second group
of women (the validation group). Finally, we examined whether
the specificity of screening could be further enhanced by taking
into account the length of time since the woman’s last meal.!

Setting, Research Methods, and Study Subjects

Data were drawn from a study that enrolled consenting preg-
nant women without known diabetes mellitus, 24 years of age or
older, presenting before 24 weeks’ gestation, from September
1989 to March 1992 at three teaching hospitals in Toronto. Each
woman was interviewed by study nurses for information on her
obstetrical history and family history of diabetes. The length of
time since the last meal was recorded. The women were then giv-
en a standard one-hour 50-g glucose-challenge test at 26 weeks’
gestation (*1 week). A three-hour 100-g oral glucose-tolerance
test was scheduled for 28 weeks (=1 week); 90 percent of the
women had this test. Women delivering before 28 weeks’ gesta-
tion were excluded. Of 3152 women with data available from
both screening and diagnostic tests, 3131 (99.3 percent) had sin-
gleton deliveries and data sufficiently complete for analysis.

1592 - November 27, 1997

Clinical Risk Factors

Each woman’s body-mass index immediately before pregnancy
was calculated from her self-reported height and most recent
weight before conception. On the basis of the data relating the
risk of diabetes to body-mass index,2¢ the index was categorized
as follows: <22.0, 22.1 to 25.0, and =25.1.

The incidence of gestational diabetes varies with race.2526 Race,
information on which was obtained during the interviews, was
categorized simply as white, black, Asian, or other. “Other” in-
cluded women of Hispanic, South Asian (e.g., from India, Pa-
kistan, Sri Lanka, and Bangladesh), and Middle Eastern origins.
The remaining clinical risk factors, shown in Table 1, are self-
explanatory.

Definitions of Gestational Diabetes and Glucose
Intolerance

Gestational diabetes was diagnosed if two or more values on the
100-g oral glucose-tolerance test met or exceeded the following
thresholds: fasting, 105 mg per deciliter (5.8 mmol per liter); one
hour, 190 mg per deciliter (10.5 mmol per liter); two hours, 165
mg per deciliter (9.2 mmol per liter); and three hours, 145 mg per
deciliter (8.0 mmol per liter). The broader category of gestational
glucose intolerance applied if one or more of the values met
or exceeded these thresholds and if two or more values met
or exceeded alternative thresholds proposed by Carpenter and
Coustan.?” With the latter criteria, the thresholds are reduced, re-
spectively, to 95 mg per deciliter (5.3 mmol per liter), 180 mg per
deciliter (10.0 mmol per liter), 155 mg per deciliter (8.6 mmol
per liter), and 140 mg per deciliter (7.8 mmol per liter).

Analysis Plan
Clinical Scoring System

The women’s clinical characteristics were entered into a multi-
variate logistic-regression analysis if, on univariate analysis, they
were nonrandomly associated (P<0.05) with the incidence of
gestational glucose intolerance. Predictive accuracy was assessed
by measuring the area under a receiver-operating-characteristic
curve. The results of the logistic-regression analysis were used to
create an additive clinical scoring system?® for independent pre-
dictors of gestational glucose intolerance.

The incidence of gestational glucose intolerance was deter-
mined for women with each clinical score. Two or more single-
score subgroups were combined when the incidences of gesta-
tional glucose intolerance were similar across scores. To validate
the scoring system and grouping, we confirmed that a graded re-
lation between the clinical scores and the incidence of gestational
diabetes (rather than gestational glucose intolerance) was present
for the women in the validation group.

Development of New Screening Strategies

We assumed that women with low scores would not be
screened. Plasma glucose thresholds for a positive screening test
among women with intermediate and high scores were chosen on
the basis of three simple criteria. First, neither the detection rate
nor the false positive rate for any new strategy could be signifi-
cantly worse than those of usual care — i.e., universal screening
with a single threshold of 140 mg per deciliter. McNemar’s test
was used for these paired comparisons. Second, to facilitate the
introduction of these new screening strategies into clinical prac-
tice, the current plasma glucose threshold of 140 mg per deciliter
was to be retained for intermediate-risk women, if possible. Third,
we rejected any new screening strategy that showed both lower
detection rates and higher false positive rates than other potential
new strategies, even if those differences were not statistically sig-
nificant.

Although current guidelines state that fasting is unnecessary
before the glucose-challenge test, the results do vary with the
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length of time since the last meal or snack.!$:2 Earlier, we found
that the specificity of the test is improved, with minimal loss of
sensitivity, by changing the single threshold of 140 mg per deci-
liter to thresholds of 148, 142, and 150 mg per deciliter (8.2, 7.9,
and 8.3 mmol per liter, respectively), for postprandial times of less
than two hours, two to three hours, and more than three hours,
respectively.!$ In designing this study, we planned that our previ-
ously derived adjustments for the length of time since the last
meal would be explored if a threshold value of 140 mg per deci-
liter was retained for the intermediate-risk group.

Validation of the New Screening Strategies

The new screening strategies were tested in the validation
group. McNemar’s test was used to compare the rates of detection
and false positive tests of usual care and the new strategies, and the
paired 95 percent confidence intervals for absolute differences in
rates of detection and false positive tests were calculated.

Statistical Analysis

Analyses were performed with SAS software (SAS Institute,
Cary, N.C.). Stata 4.0 (Stata, College Station, Tex.) was used to
generate confidence intervals for paired data.

RESULTS

Clinical Scoring System for Predicting Gestational Glucose
Intolerance and Diabetes

The relations between each risk factor and the in-
cidences of gestational glucose intolerance in the
derivation group are shown in Table 1. In a multi-
variate analysis, the independent clinical predictors
of gestational glucose intolerance were age, race, and
body-mass index. As Table 2 shows, points in the
scoring system accrue for greater age or body-mass
index and for race other than white or black. The
predictive performance and excellent model fit were
maintained after odds ratios were converted to addi-
tive clinical scores (Table 2).

Assessed independently in the validation group,
the incidences of gestational diabetes ranged from
0.9 percent among the 544 women with scores of
0 or 1, to 18.7 percent among the 91 women with
scores =6 (Table 3). Thus, the clinical scores suc-
cessfully differentiated women according to their risk
of gestational diabetes.

Development of New Screening Strategies

We developed a strategy whereby women with
scores of 0 to 1 were not screened but the remainder
were all screened with the glucose-challenge test. As
compared with usual care, excluding women with
scores of 0 or 1 allowed 34.7 percent of the women
to avoid screening altogether (95 percent confidence
interval, 32.3 to 37.4). We retained the current
threshold value of 140 mg per deciliter for women
with scores of 2 or 3. We found that threshold values
of either 128 mg per deciliter (7.1 mmol per liter)
or 130 mg per deciliter (7.2 mmol per liter) could
be applied to women with clinical scores above 3. As
Table 4 shows, the detection rates and false positive
rates of selective screening with these new strategies
were similar to those of usual care.

TABLE 1. INCIDENCE OF GLUCOSE INTOLERANCE ACCORDING TO
Risk FACTORS IN THE 1560 PREGNANT WOMEN IN THE
DERIVATION GROUP.*

Risk FACTOR InciDENCE (%)  No. oF WomEN P VALUE
Age (yr) 0.02
<30 8.8 760
31-34 8.8 476
=35 14.2 324
Race <0.001
White 8.3 1271
Black 7.3 82
Asian 25.0 140
Other 11.9 67
Body-mass index <0.001
<22.0 7.4 824
22.1-25.0 9.9 415
=251 16.5 321
Parity 0.01
0 10.4 868
1 9.9 525
2 4.4 137
=3 23.3 30
Family history of diabetest 0.15
Yes 12.8 226
No 95 1323
Adverse obstetrical historyt 0.03
Yes 14.5 200
No 9.3 1360

*The group included women with gestational diabetes according to the
criteria of the National Diabetes Data Group,* those with gestational dia-
betes according to the criteria of Carpenter and Coustan,?” and those with
one abnormal value according to the National Diabetes Data Group criteria.

tInformation about family history was unavailable for 11 women.

1 An adverse obstetrical history was defined as a history of gestational di-
abetes during one or more pregnancies, an unexplained stillbirth, fetal
anomalies, fetal macrosomia, or preeclampsia.

TABLE 2. INDEPENDENT CLINICAL RISK FACTORS
FOR GESTATIONAL GLUCOSE INTOLERANCE, WITH ODDS RATIOS
AND CORRESPONDING SCORES FROM A MULTIPLE LOGISTIC-
REGRESSION MODEL IN THE DERIVATION GROUP.*

Obbs RaTIO
Risk FACTOR (95% CI) P VALUE  ScoRe
Age (reference category, <30 yr) 0
31-34 yr 1.0 (0.7-1.5) 0.95 1
=35 yr 1.6 (1.1-2.5) 0.02 2
Body-mass index (reference category, 0
<22.0)
22.1-25.0 1.8 (1.1-2.7) 0.01 2
=251 3.2 (2.1-4.8) <0.001 3
Race (reference category, white) 0
Black 0.7 (0.3-1.7) 0.44 0
Asian 4.8 (3.0-7.6) <0.001 5
Other 1.6 (0.7-3.5) 0.24 2

*Scores were derived from rounded odds ratios. The original model has
a receiver-operating-characteristic (ROC) curve area of 0.68, with P=0.93
for the Hosmer-Lemeshow test statistic. Substituting patient-specific
scores for regression coefficients, the ROC curve area is 0.69, with P=0.86
for the Hosmer-Lemeshow test statistic. CI denotes confidence interval.
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TABLE 3. INCIDENCE GRADIENT FOR GESTATIONAL DIABETES
ACCORDING TO CLINICAL SCORE IN THE VALIDATION GROUP
OF 1571 PREGNANT WOMEN.

VARIABLE SCORE

0-1 2 3 4-5 =6
No. in group 544 322 284 330 91
Incidence of ges- 09 (5) 3.7(12) 39(11) 7.3(24) 18.7(17)

tational diabe-
tes — % (no.)

Validation of the New Strategies

In the validation group, the new strategies per-
formed more strongly still (Table 5). As compared
with usual care, selective screening again allowed
more than a third of the women (34.6 percent; 95
percent confidence interval, 32.3 to 37.0) to avoid
the glucose-challenge test altogether. The new two-
threshold approaches (strategies A and B, Table 5)
both detected similar proportions of women with
gestational diabetes and led to significant but small
reductions in false positive rates as compared with
usual care.

For women at intermediate risk (scores of 2 or 3),
we examined the effect of adjusting the screening
threshold of 140 mg per deciliter for the length of
time since the last meal (strategies C and D, Table
5). Detection rates remained similar to those with
usual care, but there were further decreases in false
positive rates.

DISCUSSION

We have developed and validated a selective ap-
proach to screening for gestational diabetes that, as
compared with the standard care endorsed by lead-
ers of American obstetrics,!” could annually spare
hundreds of thousands of women the need to un-
dergo a screening blood test. Our strategy hinges on
a simple clinical scoring system that groups pregnant
women according to their risk of gestational diabe-
tes. Its efficiency is achieved by not screening wom-
en in the low-risk group, maintaining the current
threshold value (or a postprandial modification there-
of) for considering a glucose-challenge test positive
in intermediate-risk women, and applying lower
thresholds for women in the high-risk group. This
approach is not associated with a significant reduction
in the numbers of women identified as having ges-
tational diabetes but is associated with significant re-
ductions in the number of unnecessary oral glucose-
tolerance tests caused by false positive screening
tests. It also provides evidence in support of a new
recommendation for selective screening that was
made in mid-1997 by an expert committee of the
American Diabetes Association.30

The scoring system and the two-threshold ap-
proach are easy for practitioners to use. However,
implementing the more complex algorithms with
adjustments for postprandial status will require co-
operation between clinicians and laboratories. For
example, the woman’s test requisition might note the
risk category (intermediate risk, score of 2 or 3; high
risk, score above 3), and the length of time since the
last snack or meal could be recorded by the veni-
puncturist for the intermediate-risk group. Any lab-

TABLE 4. RATES OF DETECTION AND OF FALSE POSITIVE TESTS WITH USUAL CARE
AND WITH THE NEW SELECTIVE-SCREENING STRATEGIES IN THE DERIVATION GROUP.*

No. To BE
STRATEGY SCREENED
Usual care (test 100% of 1560
patients; 1 threshold of
140 mg/dl)
Selective screening (test 1016
threshold of 140 mg/dl
for scores 2—3, 128 mg/dl
for scores >3)
Selective screening (test 1016

threshold of 140 mg/dl
for scores 2—3, 130 mg/dl
for scores >3)

DETECTION FALSE
RATET P VALUE PosiTive RATEX P VALUE
% (no.) % (no.)
72.7 (32) 16.7 (253)
65.9 (29) 0.34 16.0 (242) 0.34
61.4 (27) 0.10 15.4 (233) 0.070

*P values are for the comparison of selective

screening with usual care.

tValues are based on a total of 44 true positive results and false negative results.

FValues are based on a total of 1516 false positive results and true negative results.
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TABLE 5. RATES OF DETECTION AND OF FALSE POSITIVE TESTS WITH USUAL CARE AND WITH SELECTIVE TESTING.*

ABSOLUTE FALSE ABSOLUTE
STRATEGY DEeTeCTION RATET DIFFERENCE P VaLUE PosiTive RATE+ DIFFERENCE P VaLUE
% (no.) % (95% Cl) % (no.) % (95% Cl)
Usual care: test 100% of patients; 1 threshold 78.3 (54) — 17.9 (269) — —
of 140 mg/dl
Selective screening: test 65% of patients
Two threshold values
Strategy A: 140 mg/dl for scores 23, 82.6 (57) +4.3 (—4.5 to +13.2) 0.26 16.0 (240) -1.9 (-3.6 to —0.3) 0.02
128 mg/dl for scores >3
Strategy B: 140 mg/dl for scores 2—3, 81.2 (56) +2.9 (-5.5t0 +11.3) 041 15.4 (231) —25(—4.11t —0.9) 0.001
130 mg/dl for scores >3
Strategy C: postprandial threshold val- 79.7 (55) +14 (-85t +11.4) 0.74 13.6 (205) —4.2 (-6.0to —2.4) <0.001
ues for scores 2—3, 128 mg/dl for
scores >3
Strategy D: postprandial threshold val- 78.3 (54) 0 (—=9.5to +9.5) 1.00 13.0 (196) —49 (-6.6t0 —3.1) <0.001

ues for scores 2—3, 130 mg/dl for
scores >3

*Absolute differences are derived from comparisons of selective screening strategies with usual care. CI denotes confidence interval.

tValues are based on a total of 69 true positive results and false negative results.

tValues are based on a total of 1502 false positive results and true negative results.

oratory computer could instantaneously assimilate
the scoring information and postprandial status and
generate a recommendation about whether a follow-
up oral glucose-tolerance test was indicated.

Clinicians, laboratorians, and policy makers can
choose among the four suggested strategies, weigh-
ing sensitivities, the simplicity of application of the
two-threshold strategies, and the greater specificity
achieved when the threshold for intermediate-risk
patients is adjusted for the length of time since the
last meal.

The clinical consequences of the new strategies
cannot be compared with those of usual care, since
all the women in our original study underwent an
oral glucose-tolerance test and those with gesta-
tional diabetes were treated. However, by definition
the selective strategy detects more cases of gesta-
tional diabetes among older women with higher
body-mass indexes and misses more cases among
younger women with lower body-mass indexes. It is
very unlikely that this shift in detection patterns is
harmful.

Apart from age, clinical factors have been rejected
in most other studies for their lack of sensitivity in
identifying women at risk for gestational diabe-
tes.3134 In one nonrandomized comparative study,3?
screening based on risk factors allowed the use of
the glucose-challenge test to be reduced dramatical-
ly, but the threshold for a positive glucose-challenge
test was high. In contrast to the methods of the To-
ronto Trihospital Gestational Diabetes Project, oral
glucose-tolerance tests in these studies were per-
formed only in women with positive screening tests,

and threshold adjustments of the type validated here
could not be made.

Some potential limitations of the current study
bear mention. First, unlike other variables in the
scoring system, race or ethnicity as a clinical charac-
teristic is difficult to define. Asian, first-generation
Hispanic, South Asian, and Middle Eastern women
have lower glucose tolerance during gestation, where-
as blacks and whites have comparatively higher glu-
cose tolerance.25:263637 Qur analysis mirrors these
findings. For the present, we believe it is clinically
useful to incorporate race as a factor in the scoring
system, notwithstanding the difficulty of defining
distinct groups. Second, our cohort included only
women 24 years of age or older. It is possible that
the scoring system would be modified slightly if data
were available for younger women. Third, the gen-
eralizability of the strategies should ideally be con-
firmed in other populations with various clinical and
demographic characteristics.

In conclusion, these new strategies represent an
opportunity to redefine the approach to screening
for gestational diabetes in a fashion that reduces the
burden of testing for hundreds of thousands of preg-
nant women each year while maintaining detection
rates similar to those obtained with current stand-
ards of practice.
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