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further 3 patients will have reached 18 weeks of gestation and
testing will be performed.
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Summary

Neonatal pancreatic function was assessed in infants
born to non-diabetic mothers and to mothers with
well-controlled gestational diabetes (GO) and overt
diabetes (OD) using cord blood C-peptide estimations
and the calculation of cord C-peptide/glucose ratios.
Exaggerated pancreatic function was present in infants
born to mothers with GO. In these infants the increased
cord C-peptide values and cord C-peptide/glucose
ratios correlated with their increased birth weight
ratios. These results could not be explained on the
basis of maternal hyperglycaemia and a possible
intrinsic difference in pancreatic response between
infants born to mothers with GO and those born to
mothers with OD is suggested.
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Pedersen el al. 1 have proposed that maternal hyperglycaemia
due to poorly controlled diabetes during pregnancy can lead to
fetal hyperglycaemia and hyperinsulinaemia and to the develop
ment of fetal macrosomia. Burke el al. 2 more recently showed
that poor control ofinsulin-dependent diabetes during pregnancy
leads to an increase in the cord blood C-peptide/glticose ratio
and that this ratio correlated with the binb weight ratio (BWR)
of these neonates. They suggested that this increased ratio
indicates an inappropriately high fetal pancreatic beta-eell
response to prevailing blood glucose values. An earlier study by
Sosenko el al. 3 also demonstrated a significant increase in cord
C-peptide values in diabetic pregnancy. This was associated with
the presence of macrosomia and subsequent neonatal hypogly
caemia, but an association ofthese results with maternal diabetic
control was not investigated. Even with excellent prenatal care,
20% of infants born to mothers with gestational diabetes (GD)
and 25% of those born to mothers with overt diabetes (OD) have
birth weights in excess of4000 g,4 compared with an incidence of
9% for the general hospital population.4 In addition, attempts to
correlate maternal glycosylated haemoglobin values with birth
weight have produced conflicting results about the influence of
maternal diabetic control on neonatal macrosomia.5

,6

The aim of this study was to determine the neonatal pancreatic
response in infants born to non-diabetic mothers and to mothers
with well-eontrolled diabetes using cord blood C-peptide estima
tions and the cord blood C-peptide/glucose ratio as criteria.
Emphasis has been placed on differences between infants born to
mothers with GD and those born to mothers with OD.



Patients and methods

Twenty pregnant diabetic women and 12 pregnant non-diabetic
women were studied prospectively. Patients with vascular
disease were carefully excluded. The non-diabetic subjects had
had a normal result on glucose tolerance testing during pregnancy
as judged by the criteria of O'Sullivan and Mahan.7 Twelve
patients had GD, the criteria for the diagnosis of which were an
abnormal result on glucose tolerance testing7 early in pregnancy
and a fasting plasma glucose level of less than 5,8 mm01ll.
Treatment of GD consisted of a standard diabetic diet with a
ratio of carbohydrates/fat/protein of 45%:35%:20%. Kilojoules
were adjusted for body weight. After an initial period of
hospitalization during which daily plasma glucose profiles
confirmed adequate control of the diabetes by diet, the patients
were seen once a week for 1 day in hospital. The aim of dietary
therapy was to keep the 2-hourpostprandial plasma glucose level
below 8,3 mm01ll. By this criterion all patients were considered
to be well controlled.

Eight patients had OD, this being diagnosed when fasting
plasma glucose levels exceeded 5,8 mm01ll. Treatment consisted
of appropriate administration of insulin to maintain a fasting
plasma glucose value below 5,8 mm01l1 and a 2-hour postprandial
value below 8,3 mm01ll. Treatment was conducted on an
inpatient basis for most of the duration of their pregnancies.

All patients received an intravenous infusion of5% dextrose in
water during labour at a rate of less than 10 g/h. It has been
shown that this has no effect on cord blood insulin levels.8

Intrapartum euglycaemia (i.e. between 3,8 and 6 mm01l1) was
controlled by frequent estimations of the maternal glucose level.
Examination of the maternal age distribution showed that both
OD patients (33,0 ± 5,2 years) and GD patients (30,6 ± 7,2
years) were significantly older than the non-diabetic subjects
(26,1 ± 5,7 years).

Infants born to the mothers already described were studied.
No infants were born before 36 weeks' gestation and the groups
showed no significant difference in gestational age at birth. One
infant born to a mother with G D and 3 born to mothers with OD
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were delivered by elective caesarean section. Gestational age was
determined postnatally using the Dubowitz assessment9 and the
BWR was calculated by dividing the actual birth weight by the
50th percentile for gestational age using percentile charts
appropriate for the local population. 10

Maternal venous blood and mixed umbilical cord blood
samples were collected at delivery'} before the babies had taken
their first breath. Serum for the determination of C-peptide
levels was separated and stored at -20°C until assayed by a
radio-immunoassay procedure (Byk-Mallinckrodt Kit; Dietzen
bach, Germany). Because ofthe presence ofanti-insulin antibody
pro-insulin complexes in the blood of insulin-treated mothers
and their infants, specimens from these patients were pretreated
with polyethylene glycol before estimation of C-peptide. 12

Appropriate standards were treated in a similar manner. Plasma
glucose in maternal and cord blood was measured on a Beckman
glucose analyser (Astra 8 Routine Analyser).

Maternal venous blood was also collected into tubes containing
ethylenediamine tetra-acetic acid and stored at 4°C until the
total glycosylated haemoglobin (HbA}) levels were measured.
This was done within 4 days of specimen collection using a
commercial microcolumn chromatographic procedure (DCA
Diagnostic Chemical Association, USA). Our normal range for
HbA 1 is 5,5 - 8,5%. Statistical analysis of the results was carried
out with parametric statistics (Student'S t test and linear
regression).

Results

Neonatal cord blood C-peptide levels were significantly higher
in the infants born to the mothers with GD, although there was
no significant difference in cord glucose levels between the three
groups (Table I). The cord blood C-peptide/glucose ratio was
significantly higher in the infants born to the mothers with GD
(Table I), and the C-peptide levels and C-peptide/glucose ratios
correlated with the increased BWRs (Figs 1 and 2) in this group
of neonates. These correlations were absent in the other two
groups studied.

TABLE I. NEONATAL VALUES (MEAN ± SE)

Non-diabetic OD
(N=12) (N=8)

3,487 ± 1,26 3,323 ± 1,62
39,25 ± 0,32 38,82 ± 0,53

1,04 ± 0,03 1,06 ± 0,04
412 ± 50 466 ± 58
6,5 ± 0,67 6,6 ± 0,84

Birth weight (kg)
Gestational age (wks)
BWR
Cord C-peptide (pmolll)
Cord glucose (mmol/l)

C-peptide/glucose ratio (pmol/mmol) 75 ± 9,2 62,7 ± 7,7

GO
(N= 12)

3,741 ± 1,20
38,92 ± 0,31
1,16 ± 0,04**
679 ± 92*
5,9 ± 0,69
(N=10)

106 ± 17,1**

Only 2 infants examined were macrosomic (BWR > 1,2) and both of these were delivered to mothers with GO.
.*p< 0,02.
**p< 0,05.

TABLE 11. MATERNAL VALUES (MEAN ± SE)

Non-diabetic OD
(N= 12) (N= 8)

% HbA, .
C-peptide (pmol/l)
Glucose (mmol/l)
C-peptide/glucose ratio (pmollmmol)

*p< 0,01.
*'p< 0,02.
***p< 0,05.

6,8 ± 0,2
556 ± 96
5,2 ± 0,36

105 ± 12,7

7,0 ± 0,46
281 ± 89***
6,4 ± 0,88
65 ± 5,6

GO
(N= 12)

7,0 ± 0,17
1159 ± 202**

5,8 ± 0,39
205 ± 30*
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F.ig. 1. BWR versus cord C-peptide values in infants born to mothers
with GO.

Fig. 3. C-peptide versus glucose values in mothers with GO.
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Fig. 4. Cord C-peptide versus cord glucose values in infants born to
mothers with GO.

Fig. 2. BWR versus cord C-peptide/glucoae ratio in infants born to
mothers with GO.

The HbA, values were similar and within the normal range in
the three groups of patients studied (Table 11). There was no
correlation between the HbA, value and BWR in any of the
groups. Maternal glucose values were similar and within the
normal range in all cases although, as expected, the C-peptide
values were lower in the patients with OD, and this gave a lower
C-peptide/glucose ratio in this group (Table 11). C-peptide
values were increased in the GD mothers and the C-peptide/glu
cose ratio was also significantly increased in this group (Table
11). Maternal C-peptide levels in the non-diabetic subjects and
in the patients with GD did not correlate with HbA, or neonatal
C-peptide values or BWR but did correlate with maternal
glucose values in the presence of GD (Fig. 3). Cord C-peptide
values in the presence of GD also correlated with cord blood
glucose values (Fig. 4).

Discussion

The insulin status of the fetus remains a central issue in the
management of diabetic pregnancy. In the long term it has been
associated with fetal macrosomia, 1 while in the short term it
serves as an indicator of impending neonatal hypoglycaemia. As
such, the insulin status of the infant born to the diabetic mother

has been thought to serve as a sensitive indicator of successful
management of the diabetic pregnancy.2 The pregnant diabetic
population includes a wide spectrum of abnormal glucose
metabolism, and confusion exists over the correct classification
of such patients, especially when diabetes mellitus is first
diagnosed in pregnancy. 13 In this study we divided the patients
studied into two groups. Patients with elevated fasting glucose
levels (>5,8 mmol/l) (OD) were treated with insulin, whereas
those with normal fasting glucose values (<5,8 mmol/l) but an
abnormal glucose tolerance test result (GD) were treated by diet
alone. This latter group meets the criteria of GD defined by
Coustan. 14

Our study, although performed on a small number ofpatients,
yields significant information regarding a difference in pancreatic
function between infants born to mothers with OD and those
whose mothers had GD which to our knowledge has not
previously been reported. Although maternal plasma glucose
levels were considered well controlled in both groups by the
same criteria (fasting and postprandial glucose levels and
percentage HbA l ), a significantly higher cord C-peptide/glucose
ratio was present in infants born to mothers with GD (Table I).
This ratio correlated with the BWR of these infants (Fig. 2) and
the BWR was significantly increased (Table I). This difference
between the two diabetic groups is further emphasized when our
results are compared with those obtained by Burke et al. 2 The
cord C-peptide/glucose ratios obtained by Burke et al. in infants
born to non-diabetics and those born to mothers with well-



controlled OD (approximately 30 and 28 pmol/mmol
respectively) compare with our own results, but the value
obtained for our patients with well-controlled GD (Table I)
agrees with values obtained by Burke et al. in infants born to
mothers with poorly controlled OD (approximately 105 pmol/
mmol). These authors commented that poor control of OD in
their patients led not only to an increased but also to an
exaggerated response ofthe fetal beta cells to their environmental
glucose level. Although this seems to imply poor control of GD
in our patients, we were nevertheless satisfied with control
according to our criteria. Ogata et al. 15 have reponed increased
cord C-peptide/glucose ratios in both patients with OD (159
pmol/mmol) and those with GD (145 pmol/mmol). Since our
study and the work of Burke et al. showed that the presence of
optimal maternal glucose control of OD resulted in cord C
peptide/glucose ratios of 62,7 (Table I) and 28 pmol/mmol
respectively, it is suggested that maternal glucose control in the
presence of OD was suboptimal in the study of Ogata et al. No
comment can be made on the control of their GD patients,
although the authors themselves state that the control of their
diabetic patients was not 'fully normalized'.

It has been shown that the determination of total maternal
glycosylated haemoglobin values is not a completely reliable
index offetal outcome in diabetic pregnancy. 16 Our results agree
with this as they show no correlation between HbA1 values and
BWR or neonatal C-peptide values. We have to rely on repeated
measurements offasting and 2-hour postprandial glucose values
as indices of diabetic control. Maternal C-peptide values in our
normal and GD groups were not related to HbA 1, BWR or
neonatal C-peptide values, but they did correlate with prevailing
blood glucose levels in mothers and neonates in both groups
(Figs 3 and 4) (unpublished results). Maternal C-peptide values
are therefore not a useful measure of diabetic control, but rather
a measure of pancreatic response to prevailing blood glucose
levels.

Our results lead us to propose a possible intrinsic difference in
pancreatic response between infants born to mothers with GD
and those born to mothers with OD. Funher suppon for the
concept ofGD as a distinct condition with exaggerated pancreatic
function is supponed by the high C-peptide values and C
peptide/glucose ratio evident in the maternal plasma in our GD
group (Table 11). A genetic factor in GD could lead to fetal
pancreatic beta-eell hyperplasia,I7 and we suggest this as the
basis for the difference in neonatal pancreatic function in our 0 D
and GD groups. Genetic differences between various types of
non-pregnant diabetics have previously been described, based
on studies ofconcordance18 or histocompatibility antigens, 19 but
results with islet cell antibodies are somewhat unclear20 and the
position with regard to GD has not yet been finalized. Our
proposal is compatible with our results, although somewhat
different from the 'tissue culture' formulation of pregnancy
proposed by Freinkel and Metzger. 21 Cenainly the genetic
component (if present) is only a contributing factor to the
problem of the fetus of the diabetic mother. Nevertheless, if
maternal glycaemic control in GD operates in pan via an
intrinsic hyperplastic fetal pancreas, then prevention of fetal
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complications (e.g. macrosomia and neonatal hypoglycaemia)
demands more careful glycaemic control of the mother. This
may be possible by combined treatment with diet or insulin22

•
23

or through the combined use of different insulin preparations24
to achieve better stabilization of the mother with GD. This is of
some imponance as the number of pregnant women affected by
GD has been reponed to be about 10 times higher than that of
pregnant women with OD.25

REFERENCES

1. Pedersen J, Bojsen-M911er B, Paulsen H. BloOd sugar in newborn infants of
diabetic mothers. Acta Endocrinol (Copenh) 1954; 15: 33-52.

2. Burke BJ, Down G, Savage PE, Owens C, Rennock CA. Cord blood C
peptide: glucose ratio in the newborn of diabetic mothers.] Obster Gynaecol
1981; 2: 97-101.

3. Sosenko IR, Kit2mil1er JL, Loo SW, Blix P, Rubeinstein AH, Gabbay KH.
The infant of the diabetic mother. N Engl] Med 1979; 301: 859-862.

4. Gabbe SG, Mistman JH, Freeman RK, Andersen GV, Lowensohn RI.
Management and outcome of class A diabetic mellitus. Am] Obscel Gynecol
1977; 127: 465-469.

5. Widness JA, Schwaru HC, Thompson D et al. Glycohemoglobin (HbA,,): a
predictor of birth weight in infants of diabetic mothers. ] Pediarr 1978; 92:
8-12.

6. Miller JM, Crenshaw MC, Welt SI. Hemoglobin AI, in normal and diabetic
pregnancy.]AMA 1979; 242: 2785-2787.

7. O'Sullivan JB, Mahan CM. Criteria for the oral glucose tolerance test in
pregnancy. Diabeces 1964; 13: 278-285.

8. Mendiola J, Grylack LJ, Scanlan JW. Effects of intrapartum maternal glucose
infusion on the normal fetus and newborn. Anesrh Analg 1982; 61: 32-38.

9. Dubowit2 LMS, Dubowit2 U, Goldberg C. Clinical assessment of gestational
age in newborn infants.] Pediarr 1970; 77: 1-10.

10. Jaroszewicz AM, Schurmann DEW, Keet MP. Intra-uteriene groeistandaarde
van Kaapse KJeurlingbabas. S Afr Med] 1975; 49: 568-572.

I!. Prystowsky H, Hellegers A, Bruns P. Fetal blood studies XIV: a comparative
study of the oxygen dissociation curve of nonpregnant, pregnant and fetal
human blood. Am] Obslel Gynecol 1959; 78: 489-493.

12. Kuzya H, Blix PM, Horwit2 DL et aJ. Determination of free and total insulin
and C-peptide in insulin-treated diabetics. Diabeces 1977; 26: 22-29.

13. Schwaru ML, Brenner WE. The need for adequate and consistent diagnostic
classifications for diabetes mellitus diagnosed during pregnancy. Am] Obscel
Gynecol 1982; 143; 119-124.

14. Coustan DR. Managing gestational diabetes. Concemp Obster Gynecol 1976; 8:
119-126.

15. Ogata ES, Freinkel N, Metzger BE et aJ. Perinatal islet function in gestational
diabetes: assessment by cord plasma C-peptide and amniotic fluid insulin.
Diabeces Care 1980; 3: 425-429.

16. Burke BJ, Dixon G, Savage DE, Owens C, Rennock CA, Sherriff RJ.
Glycosylatedhaemoglobin in the assessment ofdiabetic control in pregnancy.]
Obsrel Gynaecol 1981; 1: 153-156.

17. Naeye RL. Infants of diabetic mothers: a quantitative morphologic study.
Pedialrics 1965; 35: 980-987.

18. Simpson JL. Genetics of diabetes mellitus and anoJIlalies in offspring of
diabetic mothers. In: Makat2 IR, Adam PAJ, eds. The Diabetic Pregnaru:y: A
Perinatal Perspective. New York: Grune & Stratton, 1979: 235-247.

19. Gersuch AN, Spencer KM, Lister J, Wolf E, Bottazzo GF, Cudworth AG.
Can the future of type I diabetes be predicted? A study in families of affected
children. Diabetes 1982; 31; 862-866.

20. Rubinstein P, Walker M, Krassner J et aJ. HLA antigens and islet cell
antibodies in gestational diabetes. Hum Immunol 1981; 3: 271-275.

21. Freinkel N, Metzger BE. Pregnancy as a tissue culture experience: the critical
implications of maternal metabolism for fetal development. In: Pregnancy
Metabolism, Diabetes and the Fetus (Ciba Foundation Series 63). Amsterdam:
Excerpta Medica, 1979: 3-23.

22. Coustan DR, Lewis SB. Insulin therapy for gestational diabetes. ObScel
Gynecol 1978; 51: 306-310. .

23. O'Sullivan JB, Charles D, Dandrow RV. Treatment ofverified prediabetics in
pregnancy.] Reprod Med 1971; 7: 21-24.

24. Barany; E, Tamas G, Dimeny E el al. Basal insulin supplementation: a new
form of treatment of pregnant diabetics. In: Irsigler K, Kunz KN, Owens DR,
Regal H, eds. New Approaches 10 Insulin Therapy. Lancaster: MTP Press, 1981:
463-470.

25. Roversi GD, Garguilo M, Nicolini U et aJ. Maximal tolerated insulin therapy
in gestational diabetes. Diabetes Care 1980; 3: 489-494.


