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Summary. To study the effects on the fetus of variations in
maternal glucose tolerance, a 25 g rapid intravenous glucose
tolerance test was performed at or about 32 weeks gestation
in 917 randomly selected nondiabetic women with singleton
pregnancies. The results were withheld from the patients and
their obstetricians and paediatricians, and no treatment or
advice was offered. Fasting plasma glucose and indices of
glucose disposal (including a new index which we have
termed “summed glucose”) were distributed unimodally,
with no evidence of a separate pathological group towards
the diabetic end of the distributions. Significant associations
were found between maternal glucose metabolism and var-

ious measures of neonatal nutrition and morbidity, including
the incidence of congenital malformations and morbidity re-
lated to asphyxia, suggesting that variations within the nor-
mal range in maternal glucose metabolism can influence
growth and development in the fetus. These relationships
were continuous throughout the range of maternal glucose
tolerance and were not of predictive value in individual
cases.

Key words: Pregnancy, glucose tolerance test, blood glucose,
infant, newborn, birth weight, asphyxia neonatorum, abnor-
malities.

Although diminished glucose tolerance during preg-
nancy is associated with increased birthweight and in-
creased neonatal morbidity, including an increased in-
cidence of congenital malformations [1, 2] it is not
known if there is an identifiable degree of maternal
glucose intolerance or of fasting hyperglycaemia be-
yond which fetal well-being is predictably compro-
mised, nor if in the nondiabetic pregnant woman the
disposal of intravenously administered glucose is dis-
tributed unimodally, or bimodally due to the presence
of a pathological group with “impaired glucose toler-
ance”.

The present study of a pregnant population unse-
lected except for the exclusion of diabetic women and
twin pregnancies was designed to investigate the rela-
tionships between maternal glucose metabolism and
fetal outcome, and to define the distribution of normal
values during pregnancy for fasting plasma glucose
(FPG) and glucose tolerance as assessed by the intra-
venous glucose tolerance test. The intravenous test was
chosen for this study because it gives results which re-
flect glucose disposal in numerical indices [3, 4] which
have been applied widely during pregnancy [3, 5-12]
and which are readily applicable to epidemiological re-
cearch

Subjects and methods

Ethical considerations

Before the study was started, a detailed protocol was submitted to
and approved by the Joint Fthical Committee of Grampian Health
Board and the University of Aberdeen.

Patients studied

Of 1848 Caucasian women who were approached at their initial visit
to the antenatal clinic at Aberdeen Maternity Hospital, the only ob-
stetrical facility in the city of Aberdeen, 937 consented to participate
in the study. After excluding 10 twin pregnancies and 10 patients
who for various other reasons failed to comply with the study proto-
col, 917 patients finally attended for an intravenous glucose toler-
ance test at as near to 32 weeks gestation as practicable. With the
agreement of the entire specialist staff of the Hospital, the results of
the tests were not made available to the patient nor to the responsi-
ble obstetrician or paediatrician and therefore, could not influence
maternal diet or the clinical management of the mother or her baby.
Although no prospective attempt was made to ensure that the
mothers approached were representative, the women who participat-
ed in the study were broadly similar to the population from which
they were drawn (i.e. all patients from the city of Aberdeen deliver-
ing in Aberdeen Maternity Hospital during the study period) in
terms of maternal age, parity, mode of delivery and perinatal mortal-
ity after the 32nd week of pregnancy (i.e. after the gestation when
the shicose tolerance test was performed). There was a slight over-
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representation of upper socio-economic groups in the study group,
inevitable in a study requiring patient interest, time and cooperation.

Maternal clinical data

Height was measured at the first antenatal visit. Weight was mea-
sured at each visit in a standard hospital gown and, where necessary,
weight at 20 weeks gestation (for use in statistical analyses involving
maternal weight) was calculated by extrapolation. Socio-economic
group was determined as far as possible by the husband’s or putative
father’s occupation [13].

Assessment of maternal glicose metabolism

The technique of glucose tolerance testing was identical to that de-
scribed previousty [10]; the rate of glucose disposal during the first
hour after the intravenous administration over 3 min of 25 g glucose
was expressed as the rate of fall of the difference between actual
capillary plasma glucose and FPG (Increment Index, II) [14] and as
the rate of fall of the absolute glucose concentration (Absolute In-
dex, Al) [4]. Impaired glucose tolerance is therefore reflected in low
values for II and Al

All available plasma glucose results are used in the calculation of
Al Because plasma glucose commonly falls below the fasting level
resulting in a “negative increment” which renders log transformation
impossible (noted in 35% of cases in the present series), and because
log transformation of small numbers magnifies scatter, II is calculat-
ed only from that part of the curve in which all plasma glucose val-
ues exceed an arbitrary value of 1.1 mmol/1 above fasting.

Al and II were calculated both graphically [8] and by the least
squares method. The Pearson correlation coefficient between II cal-
culated by least squares and II calculated graphically was 0.99; the
mean difference between the two values was 0.01% per min (SD 0.2).
The corresponding values for Al were 0.98 and 0.25% per min
(SD 0.08). All further data are based on graphical calculation of the
two indices.

Where available, the sum of all the glucose values, including the
FPG but excluding the 4 min value, has been used to approximate
the area under the intravenous glucose tolerance test (IVGTT) curve;
we have termed this index the “summed glucose”.

To assess maternal insulin response to injected glucose [15], im-
mediately following completion of the injection of glucose (i.e.
3 min after the start of the injection) blood was drawn from the con-
tralateral arm and plasma separated and stored at —20°C for subse-
quent batch analysis of insulin by radioimmunoassay.

Assessment of neonatal nutrition

Gestational age was calculated from the date of the first day of the
last menstruation supplemented in cases where the menstrual data
were considered unreliable by ultrasound scan in early pregnancy.
Birthweight was measured unclad within the first 2 h of life. Birth-
weight standard deviation score [16] was calculated from gestational
age, birth rank and sex but was not corrected for maternal stature.
Mid-thigh skinfold thickness, was measured using Holtain calipers
(Holtain Ltd, Crosswell, Crymmych, Dyfed, UK) and corrected for
sex and birthweight [17). Length was measured with a calibrated
measuring board and occipitofrontal circumference with a dispos-
able paper tape measure.

Assessment of potential neonatal morbidity

Potential neonatal morbidity, identified by review of the clinical re-
cords, was classified under the following headings:

Congenital anomalies. Minor (deviations from normal requiring no
treatment and causing no inconvenience). Moderate (producing sig-
nificant inconvenience or disability or requiring treatment). Severe
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(causing major handicap or death). Disorders transmitted by simple
Mendelian inheritance (e.g. sickle cell disease, haemophilia) were
excluded from the statistical analysis of congenital anomalies; an in-
fant with arthrogryposis multiplex congenita, a disorder which, al-
though sometimes inherited, is more often sporadic, was included in
the statistical analysis.

Jaundice. Serum bilirubin in excess of 250 umol/1. Two infants who
were stillborn and a third infant who died during the first hour of
life were excluded from analysis of jaundice.

Transient tachypnoea. Self-limiting respiratory distress of more than
6 h duration; specific diagnoses such as hyaline membrane disease,
sepsis and pneumothorax were excluded.

Low plasma glucose. Laboratory plasma glucose <2 mmol/], either
on sample taken at 1h of age as part of study protocol, or subse-
quently on sample taken for clinical reasons; this value was chosen
as it is used locally as the criterion for incipient neonatal hypogly-
caemia.

Sepsis. Minor (superficial lesions which, in the opinion of the attend-
ing paediatrician, did not require systemic antibiotic treatment). Sus-
pected severe (antibiotics administered on a speculative basis be-
cause of strong clinical suspicion of sepsis, sepsis not subsequently
proven on culture). Severe (confirmed diagnosis of systemic infec-
tion).

Birth asphyxia. Apgar score <4 at 1min or <7 at 5 min, and/or
laboratory evidence of severe intrapartum asphyxia (base excess <
~-11 mmol/1 at age 1 h).

Morbidity. The presence of any of the above.

Admission to special care baby unit. Any admission regardless of rea-
son or duration.

Statistical analysis

The data were analysed using the Statistical Package for Social
Sciences [18]. Missing data, particularly skinfold measurements
which were performed only if one specified observer was available,
are presumed to have occurred randomly, and we have analysed all
available data, rather than restricting our analyses to those cases in
which data were complete; numbers available for analysis are shown
in parentheses in the Tables. The distributions of FPG, Al and II
were appreciably skew and a natural logarithmic transformation was
therefore applied prior to statistical analysis. Ninety-five percent
confidence intervals were calculated using the method described by
Gardner and Altman [19], and are presented graphically.

Results

The relationships between the indices of maternal glu-
cose metabolism together with other factors which
might be expected to influence neonatal nutrition, and
various neonatal measurements are presented as Pear-
son correlation coefficients in Table 1. It can be seen
that there are numerous statistically significant correla-
tions between the indices of maternal glucose metabo-
lism and infant size. Al correlates more consistently
with infant size than any of the other maternal vari-
ables, but in general the correlation coefficients are of
low magnitude and attain statistical significance only
through the large number of cases studied. The stron-
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Table 1. Pearson correlation coefficients (r) between indices of ma-
ternal glucose metabolism, logged (1,) where appropriate, and in-
dices of neonatal growth and nutrition. (n =number of cases avail-
able for analysis). SDS-Standard deviation score
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Table 2. Numbers of cases analysed in the preparation of 95% confi-
dence intervals presented in Figures 3 and 5

I,FPG 111 LA Summed Insulin
glucose  response
Birth- r 0.0982 —0.1156 —0.2819 0.0165 —0.0608
weight () (917) 917) 917) (868) (864)
SDS P 0001 <0.001 <0.001 0.313 0.037
Thigh r 01991 -0.0677 -0.2110 0.0781 0.0429
skin- (n) (751) 751 751) (712) (709)
fold p <0.001 0.032 <0.001 0.019 0.127
Corrected r 01693 —0.0313 —0.0918 0.1203 0.1042
skinfold (n) (751) (751) @751) (712) (709)
thickness p <0.001 0.196 0.006 0.001 0.003
Crown- r 00771 —0.0357 —0.1517 —0.0460 —0.0926
heel (n) (916) (916) (916) (867) (863)
length p 0.010 0.140 <0.001 0.008 0.003
Crown- r 0.0711 -0.0610 —0.1755 —0.0250 —0.0698
rump (n) (914) (914) 914) (865) (861)
length p 0.016 0.033 <0.001 0.232 0.020
Occipito- r 0.0549 -0.0526 —0.1727 -0.0204 -0.0811
frontal (n) (916) (916) 916) (867) (863)
circum- p 0.048 0.056 <0.001 0.275 0.009
ference
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Fig.1. Relationship between log maternal absolute index (I,Al) and
infant birthweight standard deviation score (SDS)

gest of these associations, that between maternal Al
and birthweight standard deviation score (SDS), is
shown graphically in Figure 1. It is clear from this fig-
ure that birthweight SDS varies with Al across its en-
tire range; there is no evidence of a “pathological”
group at the “diabetic” end of the spectrum. Similar
features were noted when the other correlations were
examined graphically.

Because maternal height, weight, age and parity are
mutually interdependent variables, partial correlation
coefficients relating these variables to the indices of
maternal glucose metabolism and to neonatal nutrition
were calculated; no significant change in the pattern of
correlation was found.

The differences in the mean values of the maternal
glucose tolerance indices between groups where speci-
fic forms of potential or actual morbidity were “pre-

1,AI Summed Insulin
1,AI plasma  response
I,FPG glucose
Congenital anomaly mild (all cases) 94:793  89:750  88:746
moderate + severe (all cases) 29:793  28:750  29:746

38:870  34:827 38:818
32:614  29:581  32:576
6:256 5:246 6:242

Transient tachypnoea (all cases)
gestation <41 weeks
gestation =41 weeks

Hypoglycaemia (all cases) 154:763 145:723 114:720
Jaundice (all cases) 85:829  77:788  76:785
Sepsis minor (all cases) 13:810  12:769  11:763

84:810  79:769  81:763
10:810 8:769 9:763

suspected severe (all cases)
severe (all cases)
suspected severe +severe

gestation <41 weeks 71:566  67:535  68:532
gestation =41 weeks 13:244 12:234  13:231
Asphyzxia (all cases) 34:883  32:836 32:832
gestation <41 weeks 23:632 21:596  21:595
gestation =41 weeks 11:251  11:240 11:237
Morbidity (all cases) 293:624 275:593  274:590
gestation <41 weeks 222:433  206:411  209:407
gestation =41 weeks 71:191  69:182  65:183

Admission to SCBU (all cases) 183:731 171:694 169:692
gestation <41 weeks 146:507 136:479 135:479
gestation =41 weeks 37:224  35:215 34:213

Numerator=number of cases with morbidity; denominator=num-
ber of cases in group without morbidity.
SCBU-Special Care Baby Unit

sent” or “absent” are shown in Figure 2. The 95% con-
fidence intervals of these differences are indicated by
error bars. The polarity of the error bar has been ad-
justed in each case so that a positive excursion reflects
increased morbidity at the “diabetic” end of the spec-
trum of the index of maternal glucose handling, and
the scale chosen is in proportion to the SD of the mean
of the maternal index concerned. It can be seen that
FPG and insulin response failed to predict morbidity
in the infant. When the other indices (i.e. those which
describe glucose disposal during the IVGTT) were ex-
amined, there was on average poorer glucose disposal
among the “affected” group in almost all the morbidity
categories examined, although only in some instances
did this reach statistical significance. Summed plasma
glucose (reflecting the area under the curve) appeared
to be more strongly associated with morbidity in the
infant than either II or Al

Figure 3 illustrates the relationship between con-
genital abnormality and summed plasma glucose. The
association extends across the entire range of summed
plasma glucose, and in common with all the other rela-
tionships examined is not restricted to a discrete
“pathological” group at the “diabetic” end of the nor-
mal spectrum.

The associations between maternal glucose metab-
olism and neonatal nutritional status and morbidity
were also examined in subgroups defined on the basis
of maternal weight, age, parity and smoking habit; no
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Fig.2. Ninety-five percent con-
fidence intervals for the differ-
ences in means between “patho-
logical” and “normal” groups.
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consistent changes in the pattern of association
emerged. However, when the study population was
subdivided by gestational age at delivery, it became
evident that the relationships between maternal glu-
cose metabolism and certain forms of neonatal mor-
bidity, particularly asphyxia and the need for admis-
sion to the special care baby unit, were enhanced at
gestations in excess of 41 completed weeks (287 days)
(Fig.4). The numbers of cases in the various groups il-
lustrated in Figures 2 and 4 are shown in Table 2.

Details of cases where the infant died or suffered
major handicap are shown in Table 3.

The distributions in the study population of the in-
dices of maternal carbohydrate metabolism are shown
in Figure 5. The interrelationships between these vari-
ables, and their relationships with maternal height,
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mid-pregnancy weight, age, social class, parity and ges-
tation at the time of testing are presented as Pearson
correlation coefficients in Tables 4 and 5.

Discussion

Distribution of indices of maternal glucose metabolism

The study population resembled the total hospital pop-
ulation in the variables examined; the results can
therefore be used as standards for pregnant Caucasian
women.

Parity had no apparent influence on maternal glu-
cose disposal (Il and AI) (Table 5), but the indices of
maternal glucose metabolism did tend to deteriorate
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Table 3. Cases of fatal and serious morbidity

Clinical FPG Al 1I Summed Insulin  Qutcome
diagnosis glucose response
1. Massive placental infarct

39 289 578 473 217 Stillbirth
2. Trisomy 18

43 133° 243° 64.9° 20¢ Stillbirth
3. Severe birth asphyxia

47 252 842 61.5° 166 Died <1h
4. Rhizomelic chondrodysplasia punctata

44 204 421 524 139 Died <1h

5. Arthrogryposis congenita multiplex

43 231 555 524 20° Died <2 years
6. Trisomy 21
510 207 462 532 75 Survived
7. Meningo-encephalocele
41 231 447 565 93 Survived
8. Idiopathic hyperinsulinism with intractable hypoglycaemia
42 261 578 435 152 Severely
retarded
9. Hyaline membrane disease at 38 weeks gestation
43 213 512 486 44 Survived
10. Hyaline membrane disease at 39 weeks gestation
41 157 3.08 553 151 Survived

4in “diabetic” 10th centile; ®in “diabetic” 5th centile; °in “diabet-
ic” 2.5th centile

Table 4. Pearson correlation coefficients (r) between indices of ma-
ternal glucose metabolism. n=number of cases available for analysis

Insulin Summed [ Al 111
response  glucose
1,FPG r —0.0713 0.3705 —-0.1799 0.0449
(n) (864) (868) 917) 917)
p 0.018 <0.001 <0.001 0.087
1,11 ¥ 0.2200  —0.7415 0.7835
(n) (864) (868) 917)
p <0.001 <0.011 <0.001
1,AI ¥ 0.2085 -0.5734
(n) (864) (868)
P <0.001 <0.001
Summed r —-0.2450

glucose (n) (819)
r <0.001

with advancing maternal age. These relationships per-
sisted when partial correlation coefficients were ex-
amined and are in keeping with existing knowledge [6,
20, 21].

Whereas O’Sullivan and his coworkers [20, 21] re-
ported that fasting blood glucose and the individual
glucose values of the oral glucose tolerance test were
distributed symmetrically, in the present series the dis-
tributions of FPG, Al and II were appreciably skewed
(Fig.5); centiles are therefore more appropriate in de-
fining a “normal” range than are mean and standard
deviation, and Student’s t-tests and confidence inter-
vals involving these indices have been calculated using
their natural logarithms which produce more normal
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Fig.4. Effects of gestational age at delivery on 95% confidence inter-
vals (see legend for Fig.2 and text for detailed explanation). The
numbers of cases in the various groups are given in Table 2. @ Ges-
tation <41 weeks, A Gestation >41 weeks

distributions. Solomons et al. [5] stated that 2.5% of Al
results in the third trimester of pregnancy should lie
below 1.13; Billis and Rastogi [3] quoted a similar val-
ue of 1.17. These figures differ substantially from the
2.5th centile value for Al obtained in the present study
(1.41), reflecting the application by the previous au-
thors of parametric statistics to the log transformed Al
rather than the use of observed centile values.

With the exception of insulin response, the indices
of maternal glucose metabolism were distributed uni-
modally (Fig. 5), with no evidence of a discrete “patho-
logical” group towards the diabetic end of the distribu-
tions. In this respect the distributions are similar to
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LA AR

Summed [nsulin
Observed FPG 1 Al Glucose Response
Centile {mmol/1} (mmol/1) {mcu/ml)
2.5 3.72 2.76 1.41 40.6 20
5 3.78 3.01 1.49 41.8 23
10 3.89 3.30 1.63 434 38
25 4.00 3.96 1.87 46.7 69
50 4.22 4.62 210 50.6 125
75 4.50 5.55 2.38 544 167
90 4.83 6.30 2.67 58.7 195
95 5.06 6.93 2.83 61.7 209
97.5 5.17 7.70 3.01 64.6 217
Mean 4.34 4.73 214 50.9 119
SD 039 1.24 0.40 6.0 58
Skewness 0.757 0.988 0.352 0.365 — 0.046
Kurtosis 0.835 2.568 0.37 0.243 - 1.073
Valid n 917 917 917 868 864

Fig.5. Distributions of maternal fasting plasma glucose (FPG),
increment index (II), absolute index (AI), summed plasma glucose
and insulin response to injected glucose (n =number of cases avail-
able for analysis)

Table 5. Pearson correlation coefficients (7) between indices of ma-
ternal glucose metabolism, logged where appropriate (1,), and var-
ious maternal characteristics. (n=number of cases available for
analysis)

Maternal ,FPG 1,11 I, Al Summed Insulin
characteristic glucose response
Height r 0.0685  0.0966 —0.0585 —0.2080 -0.0662
(n) 916) 916) 916) (867) (863)
? 0.019 0.002 0.039 <0.001 0.026
Weight r 0.1832  0.0110 —0.2072 —0.1311  0.0918
mid- (n) (787) (787) (787) (748) (745)
pregnancy p  <0.001 0379 <0.001 <0.001 0.006
Social r 0.0187  0.0577  0.0580 —0.0484  0.1525
class (n) (876) (876) (876) (828) 827)
P 0.290 0.044 0.043 0.082 <0.001

Age r 01076 —0.1063 —0.1463  0.0702 —0.1905
m @17 O  (917)  (868)  (864)
) 0.001 0001 <0001 0019 <0.001
Parity r 0.0557 —0.0062 —0.0376 -0.0040 —0.0505

m ©17)  O17)  (917)  (868)  (864)

» 0.046 0426 0128 0453  0.068
Gestation 7  —0.0752 —0.0427 —0.0794 —0.0442  0.0447
at m)  (916)  (916)  (916)  (867)  (863)
testing  p 0.011 0098 0008 0097  0.095

those previously reported for the oral glucose tolerance
test [20, 21].

Relationships between indices of maternal glucose
metabolism

From a purely mathematical point of view, it makes
little difference in interpreting the intravenous glucose
tolerance test whether the FPG is subtracted before the
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disappearance rate is calculated (II), or the absolute
glucose value is used (Al), because neither of these ap-
proaches produces a true exponential decay. Despite
differences in how the two indices (Al and II) related
to fetal nutrition (Table 1) and morbidity (Fig.2), we
have no reason to suggest that one index reflects ma-
ternal glucose disposal more accurately than the other.
Summed glucose, which approximates the area under
the glucose disappearance curve, correlated with both
the FPG and the indices of glucose disappearance, and
correlated well with neonatal morbidity (Figs.2-4).
This index offers advantages to the clinician in giving
equal weight to each point on the disappearance slope,
in ease of calculation and in the absence of the bias in
interpretation which is inherent in drawing “best-fit”
lines for the calculation of IT and Al

The poor correlations between maternal FPG, insu-
lin response and indices of glucose disposal suggest
that it is inappropriate to screen for glucose intoler-
ance during pregnancy using the FPG or the insulin re-
sponse to injected glucose.

Relationships between maternal indices
and neonatal nutrition

Glucose intolerance during pregnancy leads to in-
creased birthweight relative to gestation [1], and even
in nondiabetic mothers delayed glucose disposal is as-
sociated with an increased incidence of neonatal mac-
rosomia [2]. In this study, variations in maternal glu-
cose tolerance within the normal range played a weak
but highly significant role in the determination of lon-
gitudinal size and adiposity in the newborn infant
(Table 1). The strongest of these associations, that be-
tween Al and corrected birthweight, is shown graphi-
cally in Figure 1.

It can be seen from Table 1 that whereas dimin-
ished maternal glucose disposal, particularly Al, corre-
lated strongly with all the neonatal measurements,
FPG in contrast correlated strongly with skinfold
thickness but much less strongly with the other neona-
tal measurements. The relatively poor correlations al-
ready noted between FPG and the indices of maternal
glucose disposal (particularly IT which is calculated in-
dependently of FPG) suggest that FPG in nondiabetic
pregnant women is controlled by mechanisms which
differ from those controlling glucose disposal. Varia-
tions in maternal FPG and glucose disposal also ap-
pear to have different effects on fetal growth and de-
velopment. It is therefore speculated that the fetus
exposed to the prolonged stimulus of a relatively high
maternal FPG maintains glucose homeostasis by di-
verting glucose to lipogenesis to a greater extent than
does the fetus exposed to the more variable hypergly-
caemia likely to result from maternal glucose intoler-
ance who appears to maintain euglycaemia by divert-
ing glucose to a wider variety of growth-promoting
anabolic processes.
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Relationships between maternal indices
and neonatal morbidity

Glucose intolerance during pregnancy is associated
with an increased incidence of congenital malforma-
tions and other neonatal morbidity [1). In the present
study Al II and summed glucose were significantly as-
sociated with morbidity, and the patterns of morbidity
were similar in each instance (see Figs.2 and 3).

Asphyxia and asphyxia-related morbidity. In addition to
those infants who fulfilled our criteria for neonatal as-
phyxia, other diagnostic categories probably included
a high proportion of asphyxiated infants. In particular,
the maternal indices were significantly associated with
the clinical suspicion of sepsis and not with bacterio-
logically proven sepsis. In defining “suspected sepsis”
we included all babies who had been given antibiotics,
and experience indicates that perinatal asphyxia, re-
cognised or occult, plays a major part in determining
the administration of antibiotics, reflecting the anti-
biotic policy of the neonatologists responsible for the
clinical care of the infants, who were independent of
the workers invoived in this research and had no
knowledge of the results of the maternal tests. Suspect-
ed perinatal asphyxia is similarly a major determinant
of admission to the special care baby unit.

In the study population as a whole, the indices of
maternal glucose metabolism did not influence signifi-
cantly the incidence of asphyxia or asphyxia-related
problems (Fig.2), but in infants who were post-term a
clear relationship emerged between maternal glucose
intolerance and asphyxia-related problems (Fig. 4).

The incidence of perinatal asphyxia is known to be
increased not only in the infants of Type 1 (insulin-de-
pendent) diabetic mothers but also in the infants of
mothers with gestational diabetes [22], a phenomenon
which may reflect the stimulant effect of increased sub-
strate availability on fetal oxidative metabolism [23].
The resuits of the present study suggest that changes in
maternal glucose tolerance, insufficiently severe to jus-
tify a diagnosis of diabetes, may enhance the risk of
perinatal asphyxia if pregnancy proceeds beyond term.

Other morbidity. In the 9 mothers whose offspring suf-
fered fatal or serious morbidity or non-hereditary mal-
formation (see Table 3), there was an unexpectedly
high proportion of indices of glucose metabolism in
the tenth centile towards the “diabetic” end of the nor-
mal range.

In Case 2 (trisomy 18), there was convincing evi-
dence of poor glucose disposal with a poor insulin re-
sponse and in Case 6 (trisomy 21) FPG was above the
95th centile. Although maternal glucose intolerance
has not been described previously in association with
trisomy 18 it has been associated with other chromo-
somal disorders [24-26] and the offspring of diabetic
mice show an increased incidence of chromosomal ab-
normality [27]. In these two instances the occurrence of
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autosomal trisomies in the offspring of otherwise
asymptomatic mothers might have been related to im-
paired glucose metabolism.

In Case §, a mother with completely normal indices
of glucose metabolism produced the only baby in the
study population with severe clinical disturbance of
carbohydrate metabolism, details of which have been
reported elsewhere [28].

Predictive value of FPG and maternal glicose tolerance

Although variations in maternal glucose metabolism
within the normal range appeared to play a significant
biological role in the determination of fetal size and in
the pathogenesis of congenital abnormalities and neo-
natal morbidity (particularly morbidity related to peri-
natal asphyxia), there was no uniformity of abnormali-
ty within the extreme centiles; the degree of risk to the
baby was graduated throughout the normal range of
maternal glucose tolerance. We examined large num-
bers of computer-generated scatter diagrams showing
relationships between indices of maternal glucose me-
tabolism and neonatal morbidity; all resembled Fig-
ures 1 and 3 in that there was no single level of mater-
nal glucose intolerance in the nondiabetic population
beyond which fetal morbidity increased sharply, or be-
low which enhanced fetal well-being was assured.

Similar results were obtained in the smaller series
of Tallarigo et al. [2] in which there appeared to be a
continuous increase in the incidence of neonatal mac-
rosomia and of congenital malformation with dimin-
ishing maternal glucose tolerance. Thus, in common
with the oral glucose tolerance test, the intravenous
glucose tolerance test is “not suited to diagnose fetal
disease or to exclude it with certainty” [29] in the indi-
vidual case.

Surprisingly, the maternal insulin response to the
intravenous injection of glucose, which is known to be
a sensitive indicator of diminishing pancreatic B-cell
function in non-pregnant subjects [15], correlated with
the indices of neonatal nutrition and morbidity much
less frequently than the other indices of maternal glu-
cose tolerance (Figs.2 and 4). Although insulin re-
sponse correlated significantly with the other maternal
biochemical indices (Table 4), the magnitude of the
correlations was such as to suggest that insulin output
plays a relatively small part in determining glucose tol-
erance in non-diabetic pregnancy.

Practical implications

Our results indicate that variations within the normal
range in maternal glucose tolerance measured at
32 weeks gestation correlate with the incidence of
nonchromosomal and perhaps chromosomal congeni-
tal anomalies. It is reasonable to speculate that these
associations would also have been present if maternal
glucose tolerance had been measured at the time of
germ-cell division or organogenesis, and that congeni-
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tal anomaly is a possible consequence of glucose toler-
ance towards the diabetic end of the normal spectrum.
This speculation is supported by the observations of
Widness et al. [1] and Tallarigo et al. [2] who found sig-
nificant relationships between maternal glucose toler-
ance and the incidence of congenital malformations in
the offspring of nondiabetic mothers, and of Fuhr-
mann et al. [30] who reported that extremely strict con-
trol of maternal diabetes, starting prior to conception,
reduced the malformation rate in the offspring of dia-
betic mothers to less than that observed in a control
nondiabetic population.

Thus, although the intravenous glucose tolerance
test lacks predictive sensitivity in individual cases and
cannot be used to identify a small pathological or high-
risk group of mothers, we believe that our findings
have practical implications; it can be deduced from
Figure 3 that if glucose handling before conception
were improved over the entire population, a change
which might be effected by diet without recourse to
drugs [31], the total burden of congenital malforma-
tions might be reduced, and from Figure 4 that when
maternal glucose disposal is known to be reduced,
pregnancy should not be allowed to proceed beyond
term because of the increased risk of perinatal asphyx-
ia and its complications.
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