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OBJECTIVE — To compare the one-step procedure proposed by the World Health
Organization (WHO) with the two-step procedure proposed by the National Diabetes
Data Group (NDDG) for the identification of abnormalities of glucose tolerance during

pregnancy.

RESEARCH DESIGN AND METHODS — One hundred twenty-seven non-
diabetic Pima Indian women had a 75-g 2-h glucose tolerance test (WHO criteria).
Those with an elevated 1-h glucose concentration (=7.8 mmol/l) were referred for a
100-g 3-h glucose tolerance test (National Diabetes Data Group criteria). The effec-
tiveness of the two test procedures was determined by comparing the frequency of
macrosomia and cesarean section as outcomes of pregnancy.

RESULTS — Of 42 women with 1-h plasma glucose concentrations =7.8 mmol/l,
13 had no 100-g test, 27 had a normal test, and 2 had an abnormal test. Both women
(100%) with abnormal two-step 100-g tests also had abnormal one-step 75-g tests, but
only 2 of the 11 women (18%) with an abnormal one-step test had an abnormal
two-step test. Sixteen of the 127 women delivered babies weighing =4,000 g. Six of
these women (38%) were correctly identified as abnormal using the one-step test and
one (6%) using the two-step test. Of seven women delivering by cesarean section, four
(57%) had abnormal one-step tests, but none had an abnormal two-step test.

CONCLUSIONS — The one-step WHO test for glucose tolerance during pregnancy
was abnormal in a greater percentage of women with adverse outcomes than the more
cumbersome two-step NDDG test. The one-step test has the added advantage of being
directly comparable to the standard glucose tolerance test used in nonpregnant women.
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wo sets of criteria are currently rec-
ommended by national or interna-
tional organizations for the diagno-

sis of abnormalities of glucose tolerance
during pregnancy. The World Health Or-
ganization (WHOQ) criteria (1) are based
on a test utilizing a 75-g oral glucose load,
the same load that is now accepted world-
wide as the standard for the diagnosis of
abnormal glucose tolerance in nonpreg-
nant adults. The National Diabetes Data
Group (NDDG) endorsed (2) an adapta-
tion of the criteria proposed by O’Sullivan
and Mahan in 1964 (3), which are based
on a 3-h test following a 100-g load, ad-
ministered fasting. A two-step procedure
is commonly used in which the 100-g
load is administered only to women who
have a glucose concentration =7.8
mmol/l at 1 h after a 50-g glucose load,
administered nonfasting. This two-step
procedure, using the O’Sullivan and Ma-
han (3) criteria, has been endorsed by the
American Diabetes Association (4) for ar-
eas not already using other criteria and by
the American College of Obstetricians
and Gynecologists (5), and it is in general
use throughout the U.S. The WHO crite-
ria, which define both diabetes (2-h
plasma glucose =11.1 mmol/l) and im-
paired glucose tolerance (IGT, 2-h plasma
glucose =7.8 mmol/l and <11.1 mmol/1)
are used in most other parts of the world.
The NDDG criteria have a num-

ber of drawbacks that include the need for
two tests, blood samples at four time
points, a test duration of 3 h, a high glu-
cose load that is often unpalatable to
pregnant women, and no comparability
with the 75-g test that is done on these
same women in follow-up. These criteria
have been criticized as not optimally pre-
dicting critical outcomes (6). Despite
these drawbacks and the statement pub-
lished as early as 1985 by the Second In-
ternational Workshop-Conference on
Gestational Diabetes (7) that the 75-g 2-h
test “may eventually replace both the
100-g and 50-g tests,” American obstetri-
cians have been reluctant to adopt the
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WHO criteria because of a lack of data on
the 75-g load during pregnancy (7).

The purpose of this study is to
present data from pregnant women who
had both a 1-h and a 2-h glucose concen-
tration measured after an oral 75-g load
and who, if the 1-h glucose concentration
was high, were referred for a fasting 100-g
3-h glucose tolerance test.

RESEARCH DESIGN AND
METHODS — The subjects of this
study live in or near the Gila River Indian
Community in southern Arizona, and
most are Pima or Tohono O’'odham Indi-
ans, who are Native Americans with a
very high prevalence of non-insulin-
dependent diabetes mellitus (8). Since
1965, a 75-g load has been administered
to nonfasting women during pregnancy
for the diagnosis of IGT and diabetes. Be-
ginning in January 1992, a 1-h plasma
glucose determination was added to the
test, and women in whom this was =7.8
mmol/l were then tested after an over-
night fast with a 100-g load. Because the
glucose load makes little difference in the
glucose concentration at 1 h in subjects
with normal glucose tolerance (9-11),
this cutoff point is comparable with a glu-
cose concentration of 7.8 mmol/l follow-
ing a 50-g load, the concentration above
which the 100-g 3-h test is recommended
under the NDDG criteria.

The present analysis was limited
to 127 women without previously diag-
nosed diabetes who had a 1-h glucose
measured during the 75-g glucose toler-
ance test during 1992 at a mean of 27
(range 15-38) weeks’ gestation. Follow-
ing delivery, medical charts were re-
viewed to determine the occurrence of
two adverse outcomes known to be asso-
ciated with hyperglycemia during preg-
nancy: macrosomia, defined as a birth
weight of at least 4,000 g, and delivery by
cesarean section. There are, of course,
other causes of macrosomia, such as ma-
ternal obesity and genetic make-up, and
rates of, and indications for, cesarean sec-
tion vary from place to place. Thus, these

Table 1—Results of 100-g 3-h OGTT
(NDDG criteria) according to glucose
concentration 2 h after a 75-g load (WHO
criteria)

Pettitt and Associates

Table 2—Macrosomic deliveries (=4,000
g and cesarean sections by abnormal WHO
or NDDG glucose tolerance tests in 127
women

75-g 1-h glucose

=7.8 mmol/l (referred
for 100-g load)

<7.8
mmol/l 100-g test

75-g2-h No

glucose  Not  test

(mmol/l) referred done Normal Abnormal
<78 85 9 22 0
7.8-11.0 0 3 5 1
=11.1 0 1 0 1
Total 85 13 27 2

Abnormal glucose was defined as plasma glucose
concentration at =2 time points at or above respec-
tive standards: fasting, 5.8 mmoll; 1 h, 10.6
mmol/; 2 h, 9.2 mmol/l; and 3-h, 8.1 mmol/l.

pregnancy outcomes are not specific for,
although often associated with, maternal
hyperglycemia. The Indian Health Ser-
vice follows the nationally recommended
policy of treating gestational diabetes di-
agnosed by the NDDG criteria.

RESULTS — Of the 127 women with-
out previously known diabetes, the 42
(33%) who had a 1-h plasma glucose con-
centration =7.8 mmol/l were referred for
the 100-g test. All those with a 1-h glu-
cose concentration <7.8 mmol/] also had
a 2-h glucose <7.8 mmol/l. Table 1
shows the results of the WHO (75 g) and
NDDG (100 g) tests. Thirteen women had
no follow-up test. According to the WHO
criteria, 4 of these 13 women had an ab-
normal glucose tolerance test: 1 with a
2-h glucose concentration of 11.9 mmol/t
had diabetes, and 3 with 2-h concentra-
tions from 8.1 to 8.5 mmoWl had IGT.
Twenty-nine women with an ab-
normal 1-h glucose concentration were
tested with the 100-g load. Of the 29, 27
had a normal test according to the NDDG
criteria, i.e., no more than one glucose
concentration above the respective cutoff

Abnormal
Abnormal NDDG
Qutcome n  WHO test test
Macrosomia 16 6(37.5) 1(6.3)
Cesarean section 7 4(57.1) 0(0)
Fither 17 6(353) 1(.9*

Data are n (55). Cesarean sections excluded the two
done for clinical indications unrelated to hypergly-
cemia. *The one woman with an abnormal NDDG
test was also abnormal by the WHO test. Thus, there
were five discrepant results, and in each case, the
WHO test was abnormal while the NDDG was not.

concentration (see footnote in Table 1),
but 5 did have IGT by the WHO criteria
on the 75-g test. Two women met the
NDDG criteria for gestational diabetes
with at least two high glucose concentra-
tions, and of these, one also had diabetes,
and one had IGT by the WHO criteria.

Table 2 shows the numbers of
cases and the percentage with macroso-
mia and delivery by cesarean section in
these 127 women. Sixteen women deliv-
ered babies weighing =4,000 g. Six
(38%) had had an abnormal test by the
WHO criteria, while only one (6%) was
abnormal by the NDDG criteria. Four
women did not receive the 100-g load.
Nine cesarean sections were done, two of
which were for indications not usually as-
sociated with hyperglycemia (twin and
breech deliveries). Of the other seven,
four cesareans (57%) had an abnormal
WHO test. Two did not have the 3-h
100-g test, and in the five who did, this
test was normal. Among the 127 women
in this study, the WHO criteria identified
as abnormal 38% of women delivering
macrosomic infants and 57% of those de-
livering by cesarean section, while the
NDDG criteria only identified 6.3% of
macrosomic infants and no cesarean sec-
tions.

If the NDDG criteria are consid-
ered to be the “gold standard” for the di-
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WHO and NDDG tests during pregnancy

agnosis of gestational diabetes, then the
WHO criteria, based on the glucose con-
centration 2 h after a 75-g load adminis-
tered to nonfasting women, correctly
identified both subjects with gestational
diabetes. Although based on only two
subjects, the estimated sensitivity was
thus 100%. The WHO criteria also cor-
rectly identified 116 of the 127 sub-
jects considered normal by the NDDG
criteria (specificity = 93%). Conversely,
if the WHO criteria are considered
to be the “gold standard,” only 2 of 11
women with abnormal glucose tolerance
during gestation were identified by the
NDDG criteria (sensitivity = 18%), and
all other women would be considered
normal by the NDDG test (specificity =
100%). Thus, there were nine discrepan-
cies in diagnosis. In each of these dis-
crepancies, a woman with an abnormal
WHO test was considered normal or un-
known by the NDDG test (P = 0.0039 by
an exact binomial test for the hypothesis
that there was no difference in abnormal-
ity rates between WHO and NDDG crite-
ria).

CONCLUSIONS — The nonfasting
2-h post 75-g glucose concentration
strongly predicts adverse outcomes for
the mother and her offspring in the Pima
Indians (12-19). This study suggests that
the standard WHO criteria are more
likely to identify abnormal outcomes in
pregnant women than are the NDDG cri-
teria currently used in most of the U.S.
Many women in this population had been
tested for diabetes with oral glucose toler-
ance tests (OGTTs) at ~2-year inter-
vals. Those with known diabetes at the
time of pregnancy did not undergo diag-
nostic tests. Thus, women with known
preexisting diabetes were not included
in this study. In a population tested
only during pregnancy, a high propor-
tion of women with undiagnosed pre-
existing diabetes would have been
identified as cases of gestational diabetes.
Inclusion of such women in the popula-
tion tested would have had the effect of

increasing the sensitivity of the NDDG
procedure to some degree, but such
women would also be correctly identified
as having diabetes by the WHO proce-
dure.

Although the 75-g load is larger
than the 50-g screening load originally
recommended by O'Sullivan (3), previ-
ous studies (9-11) have shown that in
subjects with normal glucose tolerance,
the glucose load makes little difference in
the glucose concentration measured dur-
ing a glucose tolerance test. Thus, the
75-g load would not be expected to result
in higher glucose concentrations at 1 h
than would the 50-g load. However, in
subjects with abnormal glucose tolerance,
there appears to be a glucose load dosage
effect (9), and such subjects, with a
slightly elevated glucose concentration 1
h after a 50-g load, might have an even
higher concentration after a 75-g load. It
is unlikely, however, that a woman would
have had a lower 1-h glucose concentra-
tion using 75 g instead of 50 g. Thus, the
group of women who had glucose con-
centrations =7.8 mmol/l 1 h after a 75-g
glucose load would include all who
would have been so identified using a
50-g load.

There is a strong argument for not
requiring an overnight fast before the ini-
tial glucose tolerance test and very little to
recommend it. Pregnant women often ex-
perience nausea when fasting and may
refuse, or be unable, to fast until the test.
It may be unreasonable to expect a
woman to get up, possibly with morning
sickness, travel to the clinic, and then
wait an additional 3 h before eating. Be-
cause glucose concentrations during the
glucose tolerance test are affected little by
the time since the last meal (20), fasting,
or the fasting glucose, adds little to the
glucose tolerance test but makes the test-
ing procedure more cumbersome and
may account for much of the difficulty en-
countered in administering this test to
pregnant women.

The purpose of these tests is to
identify women with abnormal glucose
tolerance that is associated with adverse

outcomes in pregnancy. Women who
have normal glucose concentrations fol-
lowing an oral glucose load obviously
have an adequate insulin response and
sensitivity to insulin action. In addition,
pregnant women tend to have fasting glu-
cose concentrations that are low (21-23).
Thus, if an elevated fasting glucose con-
centration is encountered in the face of an
otherwise normal glucose tolerance test,
the possibilities of laboratory error or of
an inaccurate history that the woman is
fasting need to be considered. In the
present series, there was no instance in
which the only elevated glucose concen-
tration was the fasting glucose. The fast-
ing glucose is, therefore, probably unnec-
essary.

The NDDG test, in addition to re-
quiring that women fast, requires women
with abnormal screening tests to have a
second test. Because not all women who
needed the follow-up diagnostic test ap-
peared for the test, no direct compar-
ison of the two glucose loads is possible.
The test using the 100-g load is unpalat-
able, lasts 3 h, and requires four blood
samples. The fact that 13 of the 42 women
(31%) in this study who had an abnormal
1-h glucose did not return for the fasting
100-g test may reflect some of these prob-
lems. Compliance will vary from prac-
tice to practice, and so this will be less
of a concern in some populations and
more of a concern in others. Although a
universal diagnostic test (rather than a
screening test) may not be deemed neces-
sary in all settings, if it can be done with a
minimum of disruption, it would be use-
ful.

The NDDG criteria currently rec-
ommended are not systematically ap-
plied. Investigators have attempted to im-
prove the sensitivity by lowering the
cutoff value on the screen (24,25), chang-
ing the timing for screening or testing
(26), reducing the number of abnormal
values required for diagnosis of abnor-
mality (27), or lowering the definitions of
abnormal (24,25,27).

Among residents of the Gila River
Indian Community, a population with
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high rates of abnormal glucose tolerance
during pregnancy, the WHO criteria did
not miss either of the two women who
met the NDDG criteria for gestational di-
abetes and classified as abnormal some
who were considered normal by the
NDDG criteria, including some with ad-
verse outcomes often associated with hy-
perglycemia. Admittedly, because of the
small numbers, this is an unstable esti-
mate of sensitivity. In the unlikely event
that the next woman had a 2-h glucose
<7.8 mmol/l by WHO criteria but >9.2
mmol/] (along with at least one other high
glucose) by NDDG criteria, the sensitivity
would be 67%. The sensitivity estimate
for the NDDG criteria is more stable. If
the next abnormal glucose tolerance
were correctly identified by the NDDG
criteria, the sensitivity would rise from
18 to 24%. Any dichotomy of a continu-
ous variable, such as glucose concen-
tration, is arbitrary, and some complica-
tions of pregnancy that can perhaps be
reduced by such screening do occur
even with glucose concentration in the
normal range during pregnancy (14,16,
19,27).

The WHO test was abnormal in a
greater proportion of women with ad-
verse outcomes than was the NDDG test.
The WHO test is at least as good as the
NDDG test in predicting adverse out-
comes, is easier to administer, more ac-
ceptable to pregnant women, and has the
added advantage of being directly compa-
rable to the standard glucose tolerance
test that will be administered to these
women during follow-up after their preg-
nancies.

References

1. World Health Organization: Diabetes Mel-
litus: Report of a WHO Study Group. Ge-
neva, World Health Org., 1985 (Tech.
Rep. Ser., no. 727)

2. National Diabetes Data Group: Classifica-
tion and diagnosis of diabetes mellitus
and other categories of glucose intoler-
ance. Diabetes 28:1039-1057, 1979

3. OSullivan JM, Mahan CM: Criteria for the

10.

11.

12.

13.

14.

oral glucose tolerance test in pregnancy.
Diabetes 13:278-285, 1964

. American Diabetes Association Position

Statement: Gestational diabetes mellitus.
Diabetes Care 9:430-431, 1986

. American College of Obstetricians and

Gynecologists: Management of Diabetes
Mellitus in Pregnancy. Washington, DC,
American College of Obstetricians and
Gynecologists, 1986 (ACOG Tech. Bull.
No. 92)

. Naylor CD: Diagnosing gestational diabe-

tes mellitus: is the gold standard valid?
Diabetes Care 12:565-572, 1989

. Freinkel N (Ed.): Summary and recom-

mendations of the Second International
Workshop-Conference on Gestational
Diabetes Mellitus: proceedings of the
Second International Workshop-Con-
ference on Gestational Diabetes Melli-
tus. Diabetes 34 (Suppl. 2):123-126,
1985

. Knowler WC, Bennett PH, Hamman

RF, Miller M: Diabetes incidence and
prevalence in Pima Indians: a 19-fold
greater incidence than in Rochester, Min-
nesota. Am J Epidemiol 108:497-505,
1978

. Castro A, Scott JP, Grettie DP, Macfarlane

D, Bailey R: Plasma insulin and glucose
responses of healthy subjects to varying
glucose loads during three-hour oral glu-
cose tolerance tests. Diabetes 19:842—
851, 1970

Toeller M, KnuBmann R: Reproducibility of
oral glucose tolerance tests with three differ-
ent loads. Diabetologia 9:102-107, 1973

de Nobel E, van't Laar A: The size of the
loading dose as an important determinant
of the results of the oral glucose tolerance
test. Diabetes 27:42-48, 1978

Comess L], Bennett PH, Burch TA, Miller
M: Congenital anomalies and diabetes in
the Pima Indians of Arizona. Diabetes 18:
471-477, 1969

Bennett PH, Webner C, Miller M: Con-
genital anomalies and the diabetic and
prediabetic pregnancy. In Pregnancy Me-
tabolism, Diabetes and the Fetus. Amster-
dam, Excerpta Med., 1979, p. 207-225
(CIBA Foundation Ser. 63)

Pettitt DJ, Knowler WC, Baird HR, Ben-
nett PH: Gestational diabetes: infant and
maternal complications of pregnancy in

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Pettitt and Associates

relation to third-trimester glucose toler-
ance in the Pima Indians. Diabetes Care
3:458-464, 1980

Pettitt DJ, Baird HR, Aleck KA, Bennett
PH, Knowler WC: Excessive obesity in
offspring of Pima Indian women with di-
abetes during pregnancy. N Engl | Med
308:242-245, 1983

Pettitt DJ, Bennett PH, Knowler WC,
Baird HR, Aleck KA: Gestational diabetes
mellitus and impaired glucose tolerance
during pregnancy: long-term effects on
obesity and glucose tolerance in the off-
spring. Diabetes 34 (Suppl. 2):119-122,
1985

Pettitt DJ, Knowler WC, Bennett PH,
Aleck KA, Baird HR: Obesity in offspring
of diabetic Pima Indian women despite
normal birthweight. Diabetes Care 10:76—
80, 1987

Pettitt DJ, Aleck KA, Baird HR, Carraher
M], Bennett PH, Knowler WC: Congenital
susceptibility to NIDDM: role of intra-
uterine environment. Diabetes 37:622—
628, 1988

Pettitt DJ, Bennett PH, Saad MF, Charles
MA, Nelson RG, Knowler WC: Abnormal
glucose tolerance during pregnancy in
Pima Indian women: long-term effects on
the offspring. Diabetes 40 (Suppl. 2):126-
130, 1991

Gough WW, Shack MJ, Bennett PH,
Burch TA, Miller M: Evaluation of glu-
cose in the Pima Indians by longitud-
inal studies (Abstract). Diabetes 19
(Suppl. 1):388, 1970

Gillmer MDG, Beard RW, Brooke FM,
Oakley NW: Carbohydrate metabolism in
pregnancy. L. Diurnal plasma glucose pro-
file in normal and diabetic women. Br
Med ] 3:399-404, 1975

Kalkhoff RK, Kissebah AH, Kim H-J: Car-
bohydrate and lipid metabolism during
normal pregnancy: relationship to gesta-
tional hormone action. Semin Perinatol
2:291-307, 1978

Lind T, Aspillaga M: Metabolic changes
during normal and diabetic pregnancies.
In Diabetes Mellitus in Pregnancy: Principles
and Practice. Reece EA, Coustan DR, Eds.
New York, Churchill Livingstone, 1988,
p. 75-102

Carpenter MW, Coustan DR: Criteria
for screening tests for gestational diabe-

DiaBeTEs CARE, VOLUME 17, NUMBER 11, NoOVEMBER 1994

1267

zz0oz Aenuer sz uo1senb Aq ypd y9zL-L L-LL/LL6YLG/VOZL/L L/ LL/APd-8onIe/8180/6.10 S|RUINO[SSI8qRIP//:dRY WOl papeojumoq



e ..___________________________________________________________________|
WHO and NDDG tests during pregnancy

25.

tes. Am J Obstet Gynecol 144:768-773,
1982

Sacks DA, Abu-Fadil S, Greenspoon JS,
Fotheringham N: Do the current stan-
dards for glucose tolerance testing in
pregnancy represent a valid conversion of

26.

O'Sullivan’s original criteria? Am J Obstet
Gynecol 161:638-641, 1989

Livingston RC, Bachman-Carter K, Frank
C, Mason WB: Diabetes mellitus in To-
hono O’odham pregnancies. Diabetes
Care 16 (Suppl. 1):318-321, 1993

27. Tallarigo L, Giampietro O, Penno Giu-

seppe, Miccoli R, Gregori G, Navalesi
R: Relation of glucose tolerance to com-
plications of pregnancy in nondiabe-
tic women. N Engl ] Med 315:989-992,
1986

1268

DiaBeTes CARE, VOLUME 17, NUMBER 11, NoveEMBER 1994

220z Aenuer 2z uoisenb Aq pd 9z L-1 L-L1/LL6YLS/FIZL/LL/LL/APd-B]o1e/e1e0/610"S|RUINO[SBIRqRIP//:dNY WOl papeojumoq



