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The newborn infant of the diabetic mother is large
and heavy when compared with the normal baby of
the same gestation, and his hazardous intra-uterine
course may be followed by a stormy neonatal one,
and possibly by death within the first few days of
life. It seems rational to believe that the foetal
gigantism, the high foetal loss rate and the increased
neonatal morbidity and mortality may be attribut-
able to the same basic disorder. The babies with few
exceptions resemble one another so closely at birth
that they might well be related and this external
similarity is paralleled by the similarity of their
morbid pathology. These morphological features
exist irrespective of the mother's age at the onset of
clinical diabetes, her somatotype or her response to
injected insulin.

MORPHOLOGY OF THE FOETIJS

The infants of diabetic mothers are both heavier
and longer than infants of the same gestational age
born to non-diabetic women. The weight loss in
the abnormal group in the first few days of life
forms a greater percentage of the birth weight than
in the normal. This appears to bear out what the
puffiness of the infants suggests, namely, that
abnormal fluid retention does contribute toward
their higher birth weight. Only infrequently, how-
ever, does it amount to pitting oedema. The
puffiness of the offspring of the diabetic mother is
well exemplified in Fig. I (a), and the change which
occurred in one week may be seen in Fig. I (b).
The appearance of these babies and their obvious
fluid retention led the author to speculate on the
possibility that adrenocortical overactivity was
responsible for the clinical picture, and such an
opinion has also been expressed by Hoet (1954b) and
by Jackson (1955).

In addition to these abnormalities of external

appearance and dimension attention has been paid
to certain features which have been described as a
result of the post-mortem examination of neonatal
deaths. Abnormal heaviness of the heart has been
described in a number of cases by Hurwitz and
Irving (1937), Miller, Johnson and Durlacher (1944)
and Warren and LeCompte (1952) and denied by
Cardell (1953). An inconstant increase of glycogen
in the myocardium has been recorded by Hurwitz
and Irving (1937), Miller et al. (1944), and Warren
and LeCompte (1952). The latter concluded that
cardiac enlargement occurred with sufficient fre-
quency to be considered significant, but that this
could not be attributed to glycogen deposition alone.
Liver enlargement has been described frequently.
Increased extramedullary haemopoiesis was first
noted in the liver and spleen by Ehrich (1934) and
has been confirmed since by most workers on this

t.-~ ...

(a) (b)
FiG. 1.-Photographs of baby of diabetic woman (a) at birth and

(b) at I week of age.

483

copyright.
 on M

ay 15, 2023 by guest. P
rotected by

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/adc.31.160.483 on 1 D
ecem

ber 1956. D
ow

nloaded from
 

http://adc.bmj.com/


ARCHIVES OF DISEASE IN CHILDHOOD

subject. This latter observation and the fact that
the infants have an increased normoblastaemia have
been thought by Berglund and Zetterstrom (1954)
to represent the result of foetal hypoxia from
placental insufficiency. Apart from this, however,
the two most interesting deviations from the normal
are to be found in the pancreas and the adrenal
cortex.

The Pancreas
Hyperplasia of the islet tissue of the pancreas in

infants born to diabetic women was first described
by Dubreuil and Anderodias (1920). Since then
the finding has been the subject of over 20 papers,
and the matter has been reviewed recently by
Pedersen (1952). Efforts have been made to place
this interesting observation on a sounder basis by
quantitative determination of the islet tissue
(Tejning, 1947; Cardell, 1953). The latter found
that the area of islet tissue in 18 such infants ranged
from 1*8 to 9-9°o of total pancreatic tissue as
compared with a normal range in newborn infants
of 0-7 to 2.60o. Thirteen of the 18 cases studied
showed a predominantly beta cell increase and a
close correlation existed between the amount of
islet tissue and the weight of the infant. The latter
observation is in agreement with such studies as
those of Okkels and Brandstrup (1938) and of
Helwig (1940).

The Adrenals
The adrenal cortex forms a greater percentage of

the total body weight at birth than at any other age
(Thhkd, 1951). Its function remains obscure (Baar,
1954), but its involution from the moment of birth,
irrespective of the gestational age of the foetus, is in
favour of its being a response to maternal stimulation
(Farquhar, 1954).
Even greater hypertrophy of the cortex has been

noted, however, in the infants born to diabetic
women (Jacobsen, 1934; Ringertz, 1943; Torgersen,
1943; Miller et al., 1944; Hultquist, Lindgren and
Dalgaard, 1946, and Petersen, 1947). Normal
adrenal glands have been described in these infants
by Potter, Seckel and Stryker (1941) and by Hultquist
et al., (1946). The weights of the adrenal glands
in the series of 13 cases described by Cardell (1953)
were considered to be proportionate to the increased
body weight. The infants composing his diabetic
group were not comparable, however, with the
control group for the former were considerably less
mature. As foetal adrenal weight rapidly increases
during the last month of pregnancy the eventual
weight of the adrenal cortex might have been
excessive had pregnancy been permitted to proceed
to term. The glands may be heavier because the

whole baby is heavier, but it could be argued that
the baby is heavier because the adrenal cortex is
heavier, and its secretion correspondingly increased.

Resemblance to the Foetus of the Rhesus-snsitized
Mother

The morphological features of infants born to
diabetic women resemble those of babies born to
Rhesus-sensitized mothers (Miller et al., 1944).
Abnormal extramedullary haemopoiesis, increased
normoblastaemia, cardiac hypertrophy, islet hyper-
plasia and possibly abnormally heavy adrenal glands
exist in both groups. The erythroblastotic infants
also tend to be of greater than normal birth weight.
The external resemblance of the two groups, how-
ever, is not obvious and the pathological resemblance
may be more apparent than real (Cardell, 1953).

ADRENOCORTICAL DISTURBANCE AND
THE CLINICAL COURSE

It is reasonable to suspect that if the external
appearance of the infants born to diabetic women
should be the result of hyperadrenocorticism then
this disturbance may also be the cause of the high
foetal loss rate and the morbid or fatal neonatal
course.

These babies may show a variety of disturbances
in the newborn period. They may be subject to one
or multiple attacks of apnoea which, although
alarming, are fortunately brief and from which they
usually recover. Alternatively they may develop at
any time during the first hours of life increasingly
rapid and difficult respiration with costal indrawing
and poor air entry and scattered moist sounds may
be heard in the chest. In this state they commonly
emit a continuous expiratory murmuring sound.
The babies may be limp and inactive or they may
show an unusual tremor or exaggerated and pro-
longed Moro reflex which has been mistaken by the
inexperienced for twitching and which has been
ascribed falsely to hypoglycaemia. The picture of
prolonged respiratory distress is a sinister one and
it may progress to death.
The signs of adrenal haemorrhage in the newborn

infant have been described by Goldzieher and
Gordon (1932). Dyspnoea is the principal feature
but there may be associated cyanosis, shock and
hypoglycaemia. They referred to animal exper-
ments in which respiratory embarrassment followed
bilateral adrenalectomy and was removed by the
giving of adrenocortical extracts. This 'pseudo-
pneumonia infantum' of adrenal haemorrhage is not
unlike the clinical course of some infants born to
diabetic women.

Acute adrenocortical failure may occur in the
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INFLL-ENCE OF HYPERADRENOCORTICISMV ON FOETUS OF DIABETIC WOMAN 485

absence of such a grossly destructive lesion as
haemorrhage. The maternal adrenal cortex is
normally more active in pregnancy and the secretion
of corticoids increases significantly. The normal
foetus has a large adrenal cortex which appears to
be a response to maternal stimulation and if so the
likeliest stimulus would be corticotrophin. The
normal secretion of corticosteroids in the urine by
newborn babies has been shown to be low in the
first few da) s. It then increases and this may
represent the delay between losing maternal stimula-
tion to the foetal cortex and the baby's replacing
it with his own corticotrophin. Should that be the
case then the greater stimulation responsible for the
larger cortex of the foetus of the diabetic pregnancy
might be followed by a longer or greater temporary
depression of adrenocortical function.

INVESTIGATION
The only laboratory index of adrenocortical

function available at the start of the investigation
in 1951 was the enumeration of eosinophils in the
peripheral blood. It was decided to carry out
absolute eosinophil counts in these babies at birth,
at 3 and 6 hours afterward, and daily thereafter at
5.30 a.m. The latter hour was selected as the blood
sugar was being determined then, and it was con-
sidered expedient to observe whether any relation-
ship existed between the behaviour of these two
features. A group of infants born to non-diabetic
women and conforming to certain criteria of
normality was studied similarly, and the results have
been published (Farquhar, 1954). It must be
stressed that the two groups were not closely
comparable for the abnormal infants were born at
the 36th week by caesarean section whereas the
normal infants were delivered vaginally at term.
The eosinophils were enumerated by the method

of McArthur, Smart, MacLachlan, Terry, Harting,
Gautier, Godley, Swallow, Simeone, Zygmuntowicz,
Christo, Crepeaux, Point and Benson (1954). The
blood sugar was determined in duplicate by the
method of Ramsay as described previously by
Farquhar (1954). It was also intended to observe
the eosinopenic response to corticotrophin on
different days of life as an index of adrenocortical
function, but, after the test had been evaluated in
normal newborn infants (Farquhar, 1955), it was
judged that it would be of no assistance in this
investigation.
The opportunity of assessing adrenocortical

function more directly arose in 1954 when Dr. J. S.
Robson and Dr. R. Renwick undertook to deter-
mine the urinary secretion of acid stable formalde-
hydogenic steroids (A.S.F.S.) and 1 7-ketosteroids

in these infants. The provision of an acceptable
control group has proved to be an almost insur-
mountable obstacle. The diabetic pregnancy is
usually terminated at about the 36th week by elective
caesarean section, and the number of non-diabetic
pregnancies which are terminated similarly is very
small. A study of the records of the Simpson
Memorial Maternity Pavilion has shown that of
over 3,000 annual deliveries there are only about six
elective caesarean sections between the 35th and
37th weeks of gestation. Because of the risk of
introducing infection by indwelling catheters in baby
girls only male infants were eligible for inclusion in
the control study.
The available alternatives were to study a group

of infants who were delivered vaginally at full term
or a group of infants delivered by caesarean section
at from 36 to 41 weeks. It was decided in the first
place to study the former of these alternatives, and
a comparison with the latter is now taking place
and will be published later. The difference in
gestation between the diabetic and non-diabetic
groups in this study is less of a bar to their com-
parison than the route of delivery, for Bjorklund
(1954) has shown that the urinary secretion of
adrenocortical steroids by prematurely born infants
is significantly less than in those born at full term.
In that case then the demonstration of significantly
higher levels of such steroids in the urine of a less
mature group (the babies of diabetic women) than
in the full-term control group would be of added
importance. It is questionable if caesarean section
is a less stressful event for the foetus than vaginal
delivery. In the former case, however, the foetus
is much less likely to show any evidence of the
increased activity of the rraternal adrenal cortex
which is belie.-oi to take place in labour and so the
demonstration of higher levels of adrenocortical
steroids in the infants' urine might be of greater
significance.

Codlecti of Urine
Urine was collected from affected female infants by

means of a specially made Foley self-retaining catheter
of 10 F.G. which had a 3 ml. capacity balloon. The
apparatus for the male was simple but effective (see
Fig. 2). It consisted of a finger cot (D) which was rolled
over and strapped on to the infant's penis. The former
was attached to a glass tubz (C) and this was inserted
into a glass 6 in. by I in. test tube (A) for about Ij in.

and connected to it by latex colostomy tubing (F). A
small piece of polythene tubing (B) was pushed through
a pin prick in the latex tubing and strapp_d to the glass
connecting tube. The former opened about one inch
nearer to the baby than the latter, so that leakage of
urine was avoided. A long length of polythene tubing
(E) was passed to the bottom of the test-tube through
another puncture in the latex, and the extemal end was
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AIR
VENT

A

URINE
EXTaACTED

FIG. 2.-Apparatus designed to collect urine from male infants.

occluded by an accurately fitting cannula and stilette.
The infants were nursed in such a position that voided
urine flowed easily into the test-tube, air being displaced
through tube B. The urine was immediately aspirated from
the test-tube by means of a syringe attached to the metal
cannula and it was then expelled into the collecting bottle
which was kept in the refrigerator. A small butterfly
splint retained the infant's legs at such an angle of
abduction that they could not interfere with the apparatus
The acid-stable formaldehydogenic substances in the
urine were determined quantitatively by a modification
of the method of Tompsett (Tompsett and Smith, 1954).
The 17-ketosteroids were measured by the M.R.C.
method (Medical Research Council, 1951).

RESULTS
Eospohils

The First Six Hours. A spontaneous decrease in
the number of circulating eosinophils from birth to
the sixth hour was observed in every infant of the
abnormal group with the exception of Case 59 in
which after an initial fall the number increased by
the sixth hour to a figure which just exceeded the

birth level. In the larger group of normal infants
the behaviour of eosinophils was less consistent. A
study of Fig. 3 and Table 1 shows that six of 32
infants (18 750/) in the latter group responded with
a variable rise in the eosinophil count in the period
from birth to six hours and that in 11 infants the
eosinophils increased in number from the third to
the sixth hour after an initial fall after birth. Table 2
shows that the percentage decrease from birth to
six hours was usually considerably greater in the
infants of the abnormal group than in the control
series, almost 900% of individuals in the former as
compared with only 2500 of those in the latter
producing decreases greater than 4000 of the birth
level. Alternatively if the maximum eosinophil
decrements within the first six hours are compared
then the eosinopenic responses in the abnormal
group are still seen to be the greater.

Second to Tenth Days: Normal Group. A
description of the types of behaviour of the eosino-
phils in the babies of this group has been published
(Farquhar, 1954). No consistent pattern was found.
Seven infants showed a fairly progressive fall in
eosinophils from birth, in nine there was a con-
tinuous upward trend, in 11 the values fluctuated
widely from day to day and in five progressive
decrease in the eosinophil count followed an initial
steep rise from the first to the third day. The
figures reached at that point in this latter type were
so high that they dominated the mean for the group
as a whole, with the result that in this and other
published studies it appeared from the arithmetic
mean as if the eosinophil levels of newborn infants
rose from birth to the third day and then fell. No
correlation was found to exist between the fluctua-
tions in eosinophil levels and clinical behaviour.

Second to Tenth Days: Abnormal Group. Several
patterns of eosinophil movement were also observed
in this group. Cases 60, 64, 70, 71, 72, 74, 75 and 83
all showed a rise from the second day, a peak occur-
ring between days 4 and 7 (pattern A1). A less
obvious rise to the same point was observed in
Cases 63 and 65 (pattern A2). In Cases 85 (a)
and 88 a similar rise occurred, but the peak was not
reached until days 9 and 8 respectively (pattern As).
A curious high early peak on the third day was
followed by a lower second peak on the seventh day
in Case 69 (pattern B). Insignificant daily variation
(pattern C) was seen in Cases 59 and 85 (b) and in
Case 73 a steady fall in the eosinophil count took
place from the third day (pattem D).
The mean curve (Fig. 4) reflects the above facts

in that a rapid fall occurred in the first six hours,
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FiG. 3.-Eosinophil levels in 32 individual norma newbomr infants.

TABLE I

INDIVIDUAL PATTERNS OF THE EOSINOPHIL LEVEL IN 17 INFANT'S BORN TO DIABETIC WOMEN

Hours Days

No. Bi35h 3 6 2 3 104 5 67 17 8 92 6 10

59 125 92 133 227 264 306 198 242 1194.
60 1,108 583 572 269 294 466 744 S 422 42 473 428
63 450 186 83 11 42 188 272 197 233 81 164 ,220
64 391 1S5 108 55 59 158 209 533 373 364 370 128
65 238 144 33 25 36 128 138 180 39 105. 4128 108
69 ,4 952 475 48.8 1 ,203 620 58 1 206 763 522 441 234
70 388 2F3 175. 6 141 452 5E9so297 281 222 153n 97
71 756 439 370 123 320 411 695 816 4 569 300 464
9 1,000 681 209 61 505 616 839 2920 628 66470 630

73 817 372 269 245 455 34 4 59161 1422 89 203 166
74 1467 309 264 202 372 738 855 672 667 802 391 602
76 523 453 183 1156 219 772 616 1694 53 473 386 320
83 3127 78 142 53 148 163 388 5 37280 2 202 156
84 2142 72 380 3
85a 1378 277 134 47 1,05 158 23 1 130 103 200 358 236
85b 238 23 25 42 1 39 78 23 120 28 139 53 83
83 926 782 638 92 18 70 256 375 1912 27 809 745
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TABLE 2

FREQUENCY DISTRIBUTION OF SPONTANEOUS EOSINOPHIL CHANGES IN NORMAL AND ABNORMAL GROUPS

Percentage
of Infants

Time Showing Percentage of Total Group Showing Varying Percentage Decrements in Absolute
Group Interval Increase in Eosinophils

Absolute
Eosinophils 0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-99

Normal Birth
Infants to 18-75 12-5 15-6 18-75 9-4 6-25 9-4 3-1 3-1 - 3-1

(Total 32) 6 hr.

Birth to 3
Normal or 6 hr.
Infants (lowest) 18-75 3-I 18-75 9-4 15-6 3-I 21-9 3-1 3-1 - 3-1
(Total 32) eosinophil

figure

Abnormal Birth
Infants to 5-9 - - 5-9 17-6 11-8 23-6 17-6 17-6 -

(Total 17) 6 hr.
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INFLUENCE OF HYPERADRENOCORTICISM ON FOETUS OF DIABETIC WOMAN 489
F}G. 4.-Arithmetic means of the eosinophil levels in a group of

normal infants and in a group of infants of diabetic women. N[ RMAL
DLA mTIC- - -
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however, from Table 3 and Fig. 5 that there was no
correlation whatsoever between any particular
eosinophil pattern or change and the clinical
disturbances.

TABLE 3
EOSINOPHIL PATTERNS

Birth
Case Weight
No. (g)

Eosinophil Clinical Incident
Pattern

59 3,742 C No incident
60 2,835 Al
63 4,132 A2
64 5,032 Al
65 3,019 A2
69 3,820 B Prolonged respiratory distress

until day 4
70 3,728 Al No incident
71 3,615 Al
72 3,232 Al
73 3,097 D
74 3,402 Al Brief cyanotic attack on day 5
75 3,707 Al No incident
83 2,693 Al ,.
84 1.701 Continuous Death at 16 hours. (Terminal

fall count 34 c.mm.)
85(a) 2,438 A3 Brief cyanotic attacks on days 3

6 and 8
85(b) 2,495 C No incident
88 2,445 A3 Brief cyanotic attack at fifth hour

Al. Rise from day 2. Peak day 4-7
A2. Less obvious peak day 4-7
A3. Later peak (day 8-9)
B. Two peaks, days 3 and 7
C. Insin t daily variation
D. Steady fall from day 3

was followed by a rise to the fifth day and then by a

slight decline.

Correhtion with the Blood Sugar Values. The
level of the blood sugar and the eosinophil count
are influenced in opposite directions by the gluco-
corticoids of the adrenal cortex, e.g., an increase in
glucocorticoid secretion will have an eosinopenic
and a diabetogenic influence and vice versa. In
view of the low blood sugar values described in

newborn infants, the apparent tendency of the latter
to have rising eosinophil counts at the same period
and the dramatic involutionary changes which take
place in the neonatal adrenal cortex, the simul-
taneous movement of these two indirect indices of
adrenocortical function was studied in the normal
group and it was shown (Farquhar, 1954) that no

correlation existed. It may be seen from Fig. 4 that
there is no simultaneous opposite movement in the
two features in the abnormal group either.

Correlation of Eosinophil Count with Clinical
Behaviour in Infants of Diabetic Women. In the
17 infants in whom frequent eosinophil values were

determined five showed some abnormal dyspnoeic
or apnoeic incident at some stage and of these one

baby died at the age of 16 hours. It may be seen,

600,

500.

400.
EOSiNOPHILS

C.MM. 300.

BIRTH 2 4 6 2 4 6

HOURS DAYS

= w - -I a i s I a a I
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FIG. 5.-Serial blood sugar and eosinophil levels in 16 newborn infants of diabetic women.

Uriary Excretion of Acid-Stable Formakiehydogenic
Steroids and 17-Ketosteroids

The number of infants in each group is small and
unsuitable for statistical examination. This is a

preliminary study, the results of which have led to
a more detailed investigation which is now in
progress and in which a different control group is
being employed.

Acid-sable Formalehydogenic Steroids. It may
be seen from Fig. 6 and Table 4 that the urinary
excretion of acid-stable formaldehydogenic steroids
(A.S.F.S.) was higher in the abnormal than in the

normal infants on the first day of life. With the
exception of one baby in the control group who had
had a single unexplained 'apnoeic' attack shortly
after birth the A.S.F.S. excretion of the abnormal
group still exceeded that of the normal on the second
day, although the distinction was less obvious. The
A.S.F.S. excretion of the two groups on the third
day was very similar.

In the abnormal group the A.S.F.S. excretion
increased from the first to the second day in 11

babies, and decreased in three, whereas in the
normal group the excretion increased in all seven.

Of those babies in whom the urine collection was

continued for three days the A.S.F.S. excretion

490

75

a-

I
I

r--

copyright.
 on M

ay 15, 2023 by guest. P
rotected by

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/adc.31.160.483 on 1 D
ecem

ber 1956. D
ow

nloaded from
 

http://adc.bmj.com/


INFLUENCE OF HYPERADRENOCORTICISM ON FOETUS OF DIABETIC WOMAN 491

DIABETIC
* PROLOGED DYSPNOEA
0 APNOEIC ATTACKS
o UNEVENTFULI
+ DEATH

INFANTS OF NRMAL WOEN

DAY OF LIFE

FK;. 6.-Scrial daily urinary xetion of acidtabkc
formaldehydogenic steroids.

IANTS OF DABETIC WOMEN

I FIRST I sEIa I THRD I
DAY OF LIFE

increased from the second to the third day in two of
the abnormals and decreased in five, as compared
with an increase in three of the normals and a

decrease in two. In this study, therefore, the infants
born to diabetic mothers excreted more A.S.F.S.
on the first day than those born to non-diabetic
women, but the latter group showed a rising trend

and by the third day of life there was little difference
between them.

17-Ketosteroids. Reference to Fig. 7 and Table 5
shows that there is no apparent difference of
17-ketosteroid excretion between the two groups on

any of the three days studied. In the abnormal

TABLE 4
URINARY EXCRETION OF ACID-STABLE FORMALDEHYDOGENIC STEROIDS

Day I Day 2 Day 3

Absolute Excretion Absolute Excretion Absolute Excretion
Group Case Excretion per m2 Excretion per m2 Excretion per m2

Number (mg;24 hr.) (mg.124 hr.) (mg/24 hr.)

g 0-073 0-317 0-049 0-213 0-069 0-3
h 0-49 2-63 0-57 3-06 Not done
i 0-19 1-04 0-26 1-42 Not done

Normal j 0-02 0-1 1-14 5-48 0-93 4-47
k 0-28 1-52 0-42 2-28 0-47 2-55
1 0-28 1-33 0-74 3-52 0-86 4-1
m 0-27 1-4 0-29 1-5 0-23 1-19

95 0-63 3-46 0-72 3-96 Not done
96 0-78 3-82 0-5 2-45 Not done
98 0-99 3-99 0-98 3-95 Not done
99 0-82 5-69 0-91 6-32 Not done
100 0-47 2-69 0-61 3-49 Not done
101 0-44 2-43 0-67 3-70 0-79 4-36

Abnormal 102 0-292 1-58 0-810 4-38 0-666 3-60
103 0-45 2-38 0-59 3-12 0-47 2-49
104 0-38 1-98 0-40 2-08 0-47 2-45
106 0-49 2-25 0-74 3-39 0-67 3-07
107 0-66 3-03 0-71 3-26 Not done
110 0-77 4-53 0-90 5-29 Not done
111 0-77 3-24 1-38 5-8 0-9 3-78
112 0-9 4-33 0-87 4-18 0-23 1-11
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group eight showed an increase and four a decrease
in excretion from the first to the second day, whereas
three showed an increase and three a decrease over

the same period in the normal group.
From the second to the third day three of the

abnormal group showed an increase, two a decrease

INFANTS OF NORMAL WOMEN

/~~~~20n-

FIRST I SE I THIRD I
DAY OF LIFE

and one no change, whereas one of the normals
showed an increase and four a decrease.

Excretion/Body Suface Area. Although the
babies of diabetic women are generally abnormally
large for their gestational age there was no appreci-

TABLE 5
URINARY EXCRETION OF 17-KETOSTEROIDS

Day I Day 2 Day 3

Case Absolute Excretion Absolute Excretion Absolute Excretion
Group Number Excretion per m2 Excretion per m2 Excretion per m'

(mg.l24 hr.) (mgJ24 hr.) (mg./24 hr.)

g 1-445 6-28 1-101 4-79 1i006 4-37
h 1-01 5-43 0-98 5-27 Not done

1 001 5-47 0-986 5-39 Not done
Normal j Not done 2-46 11-83 1.69 8-13

k 1-06 5-76 1-08 5-87 0 -97 5-27
1 0-41 1-95 1-8 8-57 0-93 4-43
m 0-97 5-03 1-11 5-75 1-32 6-84

95 0-96 5-27 1-27 6-98 Not done
96 1-82 8-92 1-02 5-00 Not done
98 1-57 6-33 1*50 6-05 Not done
99 1-125 7-81 1 -360 9-44 Not done
100 1 60 9-15 1-67 9-51 Not done
101 0-92 5-06 1-04 5-76 1-08 5-98

Abnormal 102 1-00 5-40 2-22 12-0 3-18 17-19
103 1-12 5 93 1 24 6-56 1 03 5-45
104 0-97 5-05 1-11 5-78 1-32 6988
106 1-88 8-62 1-09 5-00 0-99 4-54
107 0-54 2-48 0-85 3-90 Not done
110 Not done Not done Not done
111 Not done Not done Not done
112 1-40 6-73 1-10 5-29 1-10 5-29

m' = body surface in square metres.
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correlation existed between the body surface area
x of infants in either group and the absolute excretion

of A.S.F.S. on day 1 so that the higher excretion
seen in the babies of diabetic mothers could not be
explained on the basis of greater size.

Daily Urine Volme. The daily urine volume of
the infants born to diabetic women was higher than
that of the control group (Fig. 9). The excretion
of A.S.F.S. on day 1, however, in the abnormal
group was unrelated to the volume of urine passed
(Fig. 10). The lower volumes of urine passed by the
control group in the first 24-hour period particularly
did not prevent the infants from excreting as much
17-ketosteroids as those of the abnormal group.
In neither group was an increase or a decrease in
urine volume passed from day to day necessarily
accompanied by a corresponding increase or
decrease in the excretion of A.S.F.S. or 17-keto-
steroids.

U44 I |s I I 9 s I l I

0 0-2 04 0-6
ASFS (mg./24hrs)

0*8a, i-O

FK;. 8.-Graph showing daily urinary excretion of A.S.F.S. against
body surface ar on first day of life.

able difference in the size of the infants making up

the normal and the abnormal groups in this
study, as those of the latter were delivered
prematurely. It was decided, however, to com-

pare the excretion of A.S.F.S. and 17-keto-
steroids on the basis of unit surface area as

well as in the absolute terms used above.
The surface area of each infant was found
from the nomograms of Crawford, Terry and
Rourke (1950), but unfortunately only the
birth weight was available as the urine
collection interfered with weighing on the
second and third days. This means that the
figures for hormone excretion on these two URNE
days should be a little higher than those 'vLwE
given, for the surface area then would be less MLJ24
than at birth. The figures for the abnormal
group would be more affected than those
for the normal as the babies of diabetic
mothers lose a great percentage of their body
weighlt in the first few days.
On the basis of surface area the excretion

of A.S.F.S. was again higher in the abnormal
than in the normal group on day 1, less
obviously so on day 2, and it was no different
from the normal on day 3, whereas there was
no difference in the excretion of 17-keto-
steroids in the two groups on any day. It
may be seen from Fig. 8 that no very definite

Correlation of Hormone Excretion with Clinical
Behaviour in Idants of Diabetic Women. The
excretion figures have been correlated with the
clinical courses of the babies. Prolonged dyspnoea
occurred in three of the infants for whom the
A.S.F.S. excretion was known. One of these died
after having shown a high excretion of A.S.F.S. but
one perfectly asymptomatic infant in the abnormal
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FIG. 9.-Daily urinary output in newborn infans
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showed a rapid increase in e)
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of beta cell hyperplasia in the foetal pancreas of
great importance and it is interesting to consider
the possible causes of it.

Hyperglycaemia. The maintenance of hyper-
glycaemia in guinea-pigs (Woerner, 1938) resulted
in hyperplasia of the pancreatic beta cells and
simultaneous degranulation. Intravenous glucose
given to dogs for four days produced islet hyper-

X plasia (Houssay, Foglia, Smyth, Rietti and Houssay,
x 1942) and prolonged hyperglycaemia in cats (Dohan

x and Lukens, 1948) resulted in beta cell stimulation,
their eventual exhaustion and the development of
diabetes mellitus. Tejning (1947) found that rats
fed on a free high-carbohydrate diet had significantly

x more islet tissue than controls fed on other diets
and Wissler, Findley and Frazier (1949) forcibly fed
rats with a high carbohydrate diet and produced

0.6 0-8 l 0 abnormal islet hyperplasia. Indirect evidence of the
effect of hyperglycaemia on the pancreatic islets is

excretion of A.S.FS. against provided by the work of Hultquist (1948a, 1948b)
first 24-bour peiod. who found islet hyperplasia in the offspring of rats

who had been rendered diabetic in pregnancy by
pancreatectomy. Direct evidence of the influence

A second of these of a rising blood sugar on insulin secretion in the
excretion and a third human subject was provided by Bomstein (1950)
xcretion from the first who showed that the ingestion of glucose was
ved clinically over the followed by an increase in plasma insulin levels.

same period. None of these three infants showed a
decrease in the amount of A.S.F.S. excreted. Infants
who had apnoeic attacks are scattered through the
group and their behaviour bears no consistent
relationship to the amount of A.S.F.S. excreted or
to increases or decreases in excretion. In the two
very symptomatic infants for whom the 1 7-keto-
steroid excretion was known there was an
insignificant decrease to death in one and a steep
increase in output in the other over the period of
progressive clinical improvement. There was no
consistent relationship between the occurrence of
brief cyanotic attacks and the excretion of
1 7-ketosteroids.

DISCUSSION

The principal abnormalities of infants born to
diabetic women are their abnormal weight and
length, fluid retention, hyperplasia of the pancreatic
beta cells and possible enlargement of the adrenal
cortex, cardiomegaly and excessive glycogen storage.

Tlhe Production of Pancreatic Islet Hyperplasia
The part played by pancreatic beta cell and con-

sequent insulin deficiency in the development of
many cases of diabetes mellitus makes the finding

Pituitary Growth Hormone (P.G.H.). This may
stimulate the pancreatic beta cells either directly or
indirectly. In single doses or in short courses it
may provoke hypoglycaemia in experimental animals
(Milman and Russell, 1949) and it can stimulate
hyperplasia of the islets of Langerhans (Ogilvie,
1944; Conn, 1945; Young, 1953). It has, however,
a diabetogenic action if administration is prolonged
and it can produce irreversible damage in the islets.
Pituitary growth hormone has been employed
intentionally for this purpose in the treatment or
hyperinsulinism (Black, Macdougall, Reid and
Young, 1952). The hormone may be diabetogenic,
however, in the total absence of the pancreas
(Anderson and Long, 1948). It is known to interfere
with the hexokinase reaction which introduces
glucose into the metabolic machinery. By exerting
economy on the use of glucose in this way, P.G.H.
would lead to further insulin production. Increased
insulin activity has been clainwd to exist in the
plasma of acromegalic diabetics (Randle, 1954).
The observations of Bornstein, Reid and Young
(1951) suggest that P.G.H. also stimulates the release
of a glycogenolytic factor (glucagon) from the
pancreatic islet cells so providing a further glycaemic
urge to insulin secretion.

" 9
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INFLUENCE OF HYPERA DRENOCORTICISM ON FOETUS OF DIABETIC WOMAN 495

Glucocorticoids of Adrenal Cortex. The gluco-
corticoids of the adrenal cortex have a diabetogenic
action by their ability to depress carbohydrate
utilization and increase the rate of glyco-
neogenesis. They render diabetes in man more

severe and may be used in the prediction of the
condition by their influence upon the glucose
tolerance test (Fajans and Conn, 1954). Conversely
bilateral adrenalectomy will reduce or remove the
need for insulin. The hyperglycaemic urge provided
by glucocorticoids will be contained for as long as

possible by an increased secretion of insulin. The
administration of cortisone to experimental animals
has b=en followed by beta cell hyperplasia in the
pancreatic islets (Frawley, 1953; Hausberger and
Ramsay, 1953).

Diabetogenic Factors and Foetal Gigantism
Hyperglycaemia. Simple maternal hyper-

glycaemia does not provide a satisfactory explana-
tion for the production of giant babies. The
diabetic woman may have produced excessively
heavy babies for years before her carbohydrate
tolerance fell and her blood sugar level rose above
the normal renal threshold (Miller et al., 1944;
Gilb_rt and Dunlop, 1949). The normality of the
prediabetic patient's blood sugar level, however,
fails to portray the struggle by which it is main-

tained and the other effects of such a closely strained
conflict (obesity, retinopathy, nephropathy, embryo-
pathy, beta cell hyperplasia and eventual exhaustion)
may proceed simultaneously if with varying velocity.
The fact that the prediabetic mother's blood sugar
level may be normal does not exclude the possibility
that her foetus is using sugar to excess in order to
help maintain their mutual carbohydrate equili-
brium.

Pituitary Growth Hormone. The possible part
played by P.G.H. in the production of diabetes
mellitus has received much attention in recent years.
Evans, Meyer, Simpson and Reichert (1932) treated
puppies with daily injections of a growth-promoting
extract of the anterior pituitary gland and noted the
development of diabetes mellitus in a number after
a period of months. Similar observations were

made by Houssay and Biasotti (1931) in normal and
in partly depancreatized animals using a crude
anterior pituitary extract. These findings were

confirmed by Young (1936, 1937) in intact dogs and
cats using crude anterior pituitary extract and later
by using a highly purified anterior pituitary growth
factor (Cotes, Reid and Young, 1949). Young
(1951) observed that the young animal responded to
P.G.H. with accelerated growth, but, as the latter

decelerated, evidence of diabetes mellitus appeared.
He concluded that

'in the human being a slightly excessive rate of
secretion of growth hormone, insufficient to cause
overt signs of acromegaly, but lasting a long time,
might lead to a prolonged but not excessive restraint
upon the processes of carbohydrate and protein
catabolism and oxidation, combined with the
increase in appetite characteristic of growth hor-
mone activity, so that diabetes ultimately develops.'

Pituitary growth hormone is concerned with the
retention of nitrogen and not fat and so it does not
appear to be directly responsible for the obesity of
diabetic adults. The abortion of giant foetuses and
excessive weight gain by the mothers was noted by
Watts (1935) when pregnant rats were given injec-
tions of anterior pituitary extract. Similar results
were obtained by Lawrence and Oakley (1942) who
gave prolan to pregnant rabbits. Foetal overgrowth
was also observed by Barns and Swyer (1952) to
follow the injection of either anterior pituitary
extract or of a preparation of growth hormone into
pregnant rats but it was acknowledged that the
resulting prolongation of the pregnancies and the
reduction of litter size in the treated groups by
intra-uterine death and foetal resorption might have
contributed to the greater size of the survivors.
Should the postulated pituitary growth hormone
excess be so small, as Young suggested, that it fails
to produce overt acromegaly and results in clinical
diabetes mellitus only after years of interplay with
the pancreas it is perhaps more difficult to under-
stand why it should accelerate growth in the foetus
only in the last trimester of pregnancy. (Cardell
(1953) showed that before the 30th week of gestation
the foetuses of diabetic women were not remarkable
for their size.) It would be necessary to believe that
P.G.H. secretion is increased temporarily over that
period or that during these months foetal tissue is
particularly sensitive to its influence. Severe acro-
megalics may show no evidence of diabetes mellitus
and further doubt is cast upon the belief that
maternal P.G.H. is responsible for foetal overgrowth
by the observation of Jackson (1954) that infants
born to acromegalic or-pre-acromegalic mothers,
although they were larger than those born to normal
women, were significantly smaller than those born
to prediabetic women. Were Young's hypothesis
correct, then it would be anticipated that infants
born to acromegalic women would be as large or
larger.

Hyperadrenocorticism. As simple hyp_rglycaemia
cannot be the operative factor stimulating the
baby's pancreatic beta cells and foetal growth in
prediabetes, and as there are some difficulties in
accepting the responsibility of P.G.H. it was felt
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that it might be worth while examining the pos-

sibility that glucocorticoids provided the diabeto-
genic influence. It is known that the hormonal
response to pregnancy includes a great increase in

the production of adrenal cortical hormones (Cope,
Boysen and McCrae, 1951; Gemzell, 1953; Bayliss,
Browne, Round and Steinbeck, 1955) and it is claimed
that their excretion in the urine approaches that
which takes place in Cushing's syndrome (Lukens,
1954). The production of corticosteroids may be
greater in the pregnant diabetic than in the pregnant

non-diabetic woman (Hoet, 1954a). It is known that
non-pregnant diabetics may secrete an excess of
adrenal corticosteroids. It was considered origin-
ally that this was a response to shock or to infection,
but it has ben shown that it occurs also in incipient
coma if insulin is withdrawn in young diabetics
(McArthur, Sprague and Mason, 1950). The
opinion has been expressed by Simpson (1952) that
in a large proportion of middle-aged fat diabetics
the diabetes is of pituitary-adrenal origin. Increased
amounts of circulating free corticoid in the sera of
diabetic children in acidosis and in coma were

demonstrated by Klein, Papadatos, Fortunato and
Byers (1955) and in a further study Klein, Weigand,
lunes and Greenman (1956) found that children
with treated diabetes meflitus had free serum

corticoid levels which were significantly higher than
those of normal children. The level of serum

corticoids was directly related to the amount of
reducing substances found in the urine. Should it

be the case that the younger diabetic does in fact
have an abnormally high secretion of corticoids,
then it might be anticipated that a prolonged stress
such as pregnancy would provoke further adreno-
cortical activity and an increased diabetogenic effect.
The increased secretion of glucocorticoids in normal
pregnancy exerts a diabetogenic effect which is
contained by the opposing mechanism. It has been
shown, for example by Rosenloecher (1932), that
normal pregnancy is accompanied by pancreatic islet
hyperplasia in the mother and this has been demon-
strated repeatedly in experimental animals. In
prediabetic and diabetic women, however, measur-

able changes in carbohydrate tolerance occur in

pregnancy and it is more usual to find that the
maternal insulin requirement rises appreciably and
that it falls dramatically after delivery (Rolland,
1954). It is interesting to note that the maternal
secretion of glucocorticoids accelerates from about
the 30th week of gestation and that foetal overgrowth
in the diabetic pregnancy begins about the same time.
The administration of cortisone to a pregnant rabbit
has been followed by the delivery of excessively
large stillborn foetuses (de Costa and Abelman,

1952). Similar experiments have been carried out
by Hoet (1953) and by Brasseur (1953), pregnancy
ending in abortion or in intra-uterine death and
foetal resorption. Although no glucocorticoid has
been demonstrated in the amniotic fluid of non-
diabetic women, significant quantities have been
shown to exist in that of the diabetic (Hoet, 1954b).
The resemblance of the diabetic woman's newborn

child to infantile Cushing's syndrome (Hoet, 1954b;
Jackson, 1955), the fluid retention and the possible
adrenal enlargement suggest that increased stimula-
tion of the adrenal cortex in the foetus as well as
in the mother is one if not the principal diabetogenic
urge involved. Because it would not produce
-maternal acromegalic changes anyway, and because
it operates most strongly during the last trimester
when the acceleration of growth is known to take
place in such foetuses, it may be that this is a
likelier mechanism for the provocation of foetal
pancreatic beta cell hyperplasia, foetal overgrowth
and fluid retention. Some further evidence has
been provided by Bjorklund (1953a, 1953b), who
claimed that the abnormal clinical course of such
infants could be correlated with electrocardiographic
changes which were in turn believed to be the result
of hypokalaemia produced by hyperinsulinism and
adrenocortical hyperfunction or dysfunction. The
excretion of corticoids in these babies was believed
to b_ higher than normal and Bjorklund and Jensen
(1955) also claimed that a significantly higher
excretion of 17-ketosteroids occurred over the first
few days of life than in normal control babies.
Rising levels over this period appeared to suggest
that the infant was secreting the substances himself.
A study of the urinary excretion of electrolytes over
the first few days of life by babies of diabetic women
recently failed to reproduce a similar electrolyte
pattern (Stapleton, 1956), but the investigation
differed in character from Bjorklund's. There is no
evidence, however, that hyperadrenocorticism, other
than that which gives rise to virilism, stimulates
linear growth in the human subject. The infants
born to diabetic mothers have no genital abnormality
but are both abnormally long and heavy for their
gestational age. The diabetogenic effect of the
glucocorticoids may influence growth, however, by
stimulating the secretion of insulin.

lisun and Growth
Attention has been given to the part which insulin

may play as a growth hormone. It is known that
under certain conditions the stimulation of growth
by P.G.H. is dependent upon the availability of
insulin. In Young's experiments it was found that
the growth response of puppies who were subjected
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to prolonged treatment with anterior pituitary
extract diminished pari passu with the development
of diabetes and that growth eventually stopped. At
this point further growth could be induced by the
administration of large amounts of insulin with
the pituitary extracts. It seemed clear to Young
(1951) from these experiments that the diabetogenic
action of growth hormone could be converted to
a growth-promoting one in the dog if enough
insulin were administered with the pituitary extract.
In 1953 he reviewed the relationship between growth
hormone, the pancreas and diabetes mellitus and
again expressed the bzlief that the action of growth
hormone in inducing growth depends at least in
part on the ability of the pancreas to secrete extra
insulin. If the pancreas cannot produce enough
of the latter, then diabetes mellitus replaces growth.
Milman, De Moor and Lukens (1951) demonstrated
the fact that the giving of growth hormone to a
depancreatized cat caused no anabolism of protein
unless insulin was simultaneously given and the
retention of nitrogen induced by growth hormone
was not maximal unless a substantial dose of insulin
was given in addition to that needed by the animal
in the absence of growth hormone. Somatic growth,
including skeletal growth, was observed by Salter
and Best (1953) in hypophysectomized rats to which
insulin had been given in gradually increasing dosage
while untreated hypophysectomized rats did not
grow at all. The treated rats did eat more than the
controls but Maassen (1951) demonstrated that
insulin-treated normal rats grew faster than pair-fed
control animals so that food intake alone is unlikely
to be a limiting factor. Such experiments are of the
greatest interest in view of the pancreatic beta cell
hyperplasia which exists in the foetus of the diabetic
woman and because Cardell (1953) found that a
close correlation existed between the amount of
islet cell tissue and the size of the baby. Foetal
bovine pancreatic tissue yields more insulin per
gram than the same tissue in the mature animal
(Fisher and Scott, 1934), and although figures for
pancreatic insulin yield are not available for infants
of diabetic mothers and a control group, it would
be unusual if hyperplasia of secreting cells did not
mean increased output. The sharper and greater
fall in the initial blood sugar levels of such infants
would be in keeping with an increased insulin output
although it does not provide proof of it (Farquhar,
1954, 1956). It may be that insulin plays an
important role in the promotion of abnormally
rapid growth in such foetuses.

If a higher secretion of insulin by the foetus were
responsible for his greater size then it would be
anticipated that the larger babies would be the

product of the less well controlled diabetic women.
The careful studies of Pedersen (1954) and Pedersen
and Brandstrup (1956) have shown that long and
careful control of the maternal diabetes in pregnancy
results in the birth of an infant of lower birth weight.

The Present Investigation
Eosinophils. The present eosinophil studies are

difficult to interpret. The fact that the birth level
of eosinophils is high in both groups despite high
maternal production of cortisone-like substances
suggests that before delivery the eosinolytic
mechanism is inactive or incomplete. The more
consistent and more rapid eosinolysis which occurred
in the abnormal (diabetic) group of babies may
indicate either that caesarean section is a more
stressful incident, or that these infants are capable
of a greater adrenocortical response to stress or that
the longer stress of vaginal delivery resulted in foetal
eosinolysis taking place over some hours before
birth. In the latter event the eosinophil picture
prevailing then is comparable to that which is
present some hours after abdominal delivery. The
latter possibility is unlikely, for although absolute
eosinophil levels are of less value than changes in
levels, it may be seen from a comparison of the
two groups that the range of birth levels is very
similar. The secondary rise in eosinophils which
was more apparent in the abnormal group is
suggestive of the biphasic adrenal response to stress.
Clearly there was no correlation between fluctuations
in eosinophil levels and the clinical behaviour of
the babies.

Hormone Excretion. It has been mentioned that
the study of hormonal disturbances in such infants
is beset with difficulties. The excretion of acid-
stable formaldehydogenic steroids is not the most
satisfactory index of adrenocortical activity. It is
unfortunate that the urinary volumies of some of
the infants in the normal group on the first day of
life were at the lower end of the range described by
Thomson (1944), but it has been shown that no
relationship exists between the volume of urine
passed and the excretion of A.S.F.S. The absence
of any significant difference in 17-ketosteroid excre-
tion in the two groups, although different from the
results of Bjorklund and Jensen, makes it unlikely
that there was any unobserved or unreported loss
of urine in the control group. The difference
between the A.S.F.S. excretion of the two groups
is made more significant if it is remembered that the
individuals in the abnormal group are some weeks
less mature than those in the normal group, for
Bjorklund (1954) has shown that the less mature the
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foetus the smaller is his urinary corticoid excretion.
No relationship exists in this series between the
A.S.F.S. excretion figure and the clinical behaviour
of the baby, i.e., high excretion does not correlate
with severe upset or freedom from disturbance. Of
the three babies who had respiratory embarrass-
ment on the first day of life, two showed some rise
in A.S.F.S. excretion in the next 24-hour period,
but one, whose course ended in death, showed no
change. It is of doubtful importance that the latter
infant died of renal vein thrombosis. Similar
fluctuations in excretion in other infants were
unaccompanied by clinical disturbance. It is equally
important to note that abnormal neonatal behaviour
did not coincide with or follow a sudden fall in
A.S.F.S. excretion.

Pseudopoeumonua Infantum. It is difficult to
know just how real an entity 'pseudopneumonia
infantum' due to acute adrenal failure in infants
may be. The pathologist does not commonly meet
with necropsies in which he may be quite certain
that the adrenal haemorrhage is the only finding
and that it alone has been responsible for the
clinical features. Massive adrenal haemorrhage was
recorded in 11 neonatal deaths at the Simpson
Memorial Maternity Pavilion in recent years.
Massive haemorrhage was predominantly unilateral
in six and in none was it the only abnormal finding.
In three it was associated with prematurity. Although
respiratory signs (apnoeic attacks, gasping, dyspnoea
and cyanosis) were present in eight and just might
have been interpreted as 'pseudopneumonia in-
fantum', the facts are that four did have pneumonia
(two frank consolidation and two on histological
examination), two had pulmonary haemorrhage, one
was severely atelectatic (birth weight, I lb. 41 oz.)
and one had inhaled considerable quantities of
meconium. The frequent presence of infection
invalidates the interpretation of temperature dis-
turbance. In six of the 11 babies no record has been
kept, but the clinical notes do not mention pyrexia.
In one it was 95', and in two it ranged from 96 to 98t.
In only two was the temperature recorded as
abnormally high (100-103'). In one of these infants
there was pneumonia and the other had kernik-
terus.

Foetal Fluid Retention. The difference in urine
volume between two such small groups is possibly
fortuitous but that seems unlikely. Over the first
48 hours the mean volume excreted was 94 ml.
in the abnormal group and 28 ml. in the normal
group. It must be remembered also that the infants
in the abnormal group received no fluid by any route

during the period of urinary collection, whereas it
was felt necessary to feed those in the normal group.
Oestrogens may cause some fluid retention and their
influence is known to cross the placenta. The work
of Smith, Smith and Hurwitz (1946) suggested that
oestrogen deficiency was operative in the diabetic
pregnancy, but this has not been confirmed. I have
seen less than the usual evidence of oestrogen
stimulation in such infants (breast enlargement for
example) and so an oestrogenic cause for foetal
water retention seems unlikely. The birth weights
of infants born to diabetic women who had received
oral oestrogens in pregnancy did not differ sig-
nificantly from those of infants born to diabetic
women who were not so treated (Medical Research
Council, 1955), but no information is available
about the percentage loss of weight which took place
in the first few days.

Pituitary growth hormone does not give rise to
fluid retention but corticotrophin and cortisone and
related hormones do. The process which is
responsible for foetal oedema apparently comes to
an end with birth, and so it is likely that it is
maternal. Were the stimulus maternal cortico-
trophin of pituitary or placental origin then separa-
tion from the mother would end it. The production
of corticosteroids would cease until the infant's own
pituitary gland came into action. The placenta
allows the transfer from mother to foetus of thyro-
trophin, thyroid, gonadotrophins, oestrogens, and
possibly insulin and prolactin. These hormones are
of widely varying molecular size. It seems likely
that maternal corticotrophin does normally cross
the placenta although proof of that is difficult to
obtain in the human subject. Enlargement of the
foetal adrenal glands has been noted to follow
adrenalectomy in rats during pregnancy (Ingle and
Fisher, 1938), so suggesting that the resulting
increased maternal corticotrophin levels crossed the
placenta. It has also been clainmed that corti-
costeroids may cross the placenta in experimental
animals (Stewart, 1914), but such work was not
substantiated by Corey (1927) and Rogoff and
Stewart (1929) also found the evidence to be incon-
clusive. Cortisone was given by Slessor (1951) to
a Rhesus-sensitized woman in the latter weeks of
pregnancy. Since then he has treated five other
cases for four of which the birth weight is known,
and Dr. Slessor has provided me with details about
the mothers and their offspring (Table 6). These
figures suggest that prolonged administration of
cortisone sufficient to produce signs in the mother
does not give rise to abnormally heavy, Cushing-like
infants. The two oedematous infants were more
affected by haemolytic disease than the others and
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TABLE 6

RH-SENSMZED WOMEN RECEIVING CORTISONE IN PREGNANCY

Cortisone Infants
Signs of Maternal Birth Weights of Previous

Case Maturitv Daily Dose Duration Hyperadrenocorticism Birth Babies in Untreated Pregnancies
(mg.) Weight(lb.) Oedema (lb.)

1 37 100 A few weeks 6- 7 No 7, 74
2 38 150 - 7-9 No 81 to 10I
3 40 150 From 22nd-26th - 8-4 Yes 9 to 10
4 38 150 week untilterm - 5-6 No Unknow-n
6 37 150 J 9-0 Yes 'Large babies

Notes unavailable

had cord haemoglobins of 8500 and 4600 respec-
tively. The mother of the two non-oedematous
infants of 7-9 and 5-6 lb. birth weight respectively
had received a total of 16 to 18 g. of cortisone over

a period of about 14 weeks. The effect of A.C.T.H.
and cortisone on pregnancy was observed by
Margulis and Hodgkinson (1953), and in a small
group of 12 healthy young multiparous women who
received 'A.C.T.H. and/or cortisone during a period
of more than three weeks in total amounts exceeding
1,000 mg.' they observed no ill effect on the mother
and no somatic effect upon the foetus, but the total
dose was small by Slessor's standard. A review of
the subject of hormone therapy in pregnancy by
Barnes (1954) was more cautious and stated that
'there is as yet no absolute proof that it (cortisone)
will not produce foetal damage'. An equally
conservative reply was given to a question asked in

the British Medical Journal (1955). The three last
named publications have all made mention of the
danger of depressing the foetal adrenal cortex by
exhibiting cortisone to pregnant women with intact
adrenal cortices and they claim that such babies
may develop signs of hypoadrenocorticism. On
the other hand, Margulis and Hodgkinson
(1953) claimed to have found abnormally large
adrenal cortices in two prematurely born infants
whose mothers had received A.C.T.H. in

pregnancy.
The presence of signs of hyperadrenocorticism in

the mothers and their absence in the infants when
cortisone has been given in pregnancy and the
possibility that A.C.T.H. given to the mother may
produce increase in the size of the foetal adrenal
cortex just suggests on the basis of somewhat tenuous
evidence that the human placenta, from which
A.C.T.H. or A.C.T.H.-like substances have been
isolated, is permeable to that hormone but not to
cortisone-like substances. Depression of the foetal
cortex could then occur by depressing the maternal
pituitary with cortisone and stimulation of the
foetal cortex could result from maternal cortico-
trophin.

HORMONAL INFLLENCE ON FOETAL
MORPHOLOGY AND NEONATAL

BEHAVIOUR
This investigation was undertaken to explore

the relationship which exists between maternal
diabetes, foetal morphology and neonatal be-
haviour. Pancreatic beta cell hyperplasia is the
one undoubted abnormality of the foetal endocrine
glands. Such hyperplasia implies that more
insulin is secreted. The experimental evidence
in favour of regarding insulin as a growth hor-
mone has been reviewed. Beta cell hyperplasia
and consequent increased insulin production follow
such varied diabetic stimuli as hyperglycaemia,
pituitary growth hormone and the adrenal gluco-
corticoids. Reasons have been offered why hyper-
glycaemia and pituitary growth hormone cannot be
accepted as fully responsible. The adult diabetic
in ketosis, the treated juvenile diabetic and possibly
the pregnant diabetic produce more glucocorticoid
than control groups. The appearance of the foetus
of the diabetic woman resembles that in Cushing's
syndrome. This picture, which includes fluid
retention, subsides from the time of delivery irrespec-
tive of maturity. The formative influence must cross
the placenta from the mother. A somewhat similar
baby is born to the woman stressed by Rhesus
sensitization. Maternal corticotrophin crossing the
placenta may stimulate foetal adrenocortical activity.
The resulting diabetogenic influence of the gluco-
corticoids would stimulate the secretion of growth-
promoting insulin. The present study provides
some evidence that adrenocortical activity may be
greater in the foetus of the diabetic woman than in
that of the non-diabetic woman. It should be
remembered that qualitative differences may exist
between the hormones of the intra-uterine (foetal)
adrenal cortex and the extra-uterine (permanent)
cortex. Such a difference would explain the
apparent pre-natal incompleteness of the eosinolytic
mechanism. The hypoglycaemia in the infant is of
such short duration that it is unlikely to be the
stimulus provoking increased glucocorticoid secre-
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tion on the first few days of life. No relationship
was found to exist between eosinophil and hormonal
levels or changes in levels and neonatal behaviour.
An argument may be raised against this hypo-

thesis. According to Jackson (1955) the infants born
to 10 cases of Cushing's disease were not oversized
in any way. The basophil adenomata dscribed in
this latter condition may not be the primary disorder
however. Talbot, Sobel, McArthur and Crawford
X1952) have stated that the adenomata may be
regarded more reasonably as secondary to hyper-
adrenocorticism. Some evidence in favour of
regarding the human placenta as being relatively
impermeable to cortisone has been offered. This
would explain why the newborn infants of patients
with Cushing's disease do not themselves show
evidence of the syndrome. A greater obstacle to the
acceptance of the hypothesis of this paper exists in
the fact that excessive height has not been noted in
children suffering from Cushing's disease (Talbot et
al., 1952).

Clinical evidence for believing that hyperadreno-
corticism plays some part in producing the morpho-
logical features of the foetus of the diabetic woman
is fairly strong. The present limited study should
justify the fuller investigation of the urinary
corticoid excretion of such infants by more accurate
methods.

SUMMARY

The foetus of the diabetic woman is oversized in
length and weight, retains excessive fluid, shows
hyperplasia of pancreatic beta cells and possible
enlargement of the adrenal cortices. An attempt
has been made to find a common cause of these,
for the neonatal morbidity and for the maternal
metabolic disorder. The possible growth-promoting,
fluid-retaining and diabetogenic influences have been
reviewed. Foetal hyperadrenocorticism is suggested
by a number of morphological features. This in
turn may stimulate the increased secretion of
growth-promoting insulin.
The absolute eosinophil count of the peripheral

blood was determined at birth, three and six hours
later, and daily for 10 days in 32 normal infants and
in 17 babies born to diabetic women. The range
of birth levels in the two groups was very similar
and was high. Maternal production of cortisone-
like substances is high even in normal pregnancy.
This would suggest that the eosinophil mechanism
is inactive or incomplete before delivery. There
was a consistently greater decrease in eosinophils in
the abnormal group in the first six hours. The
different routes of delivery may have accounted for
this in part. The eosinophil behaviour of the

abnormal group was also more consistent from the
second day and was characterized by a rise to about
the end of the first week. This pattern suggested a
greater response to stress in the first 24-48 hours
followed by a period of decreasing activity.
The urinary excretion of acid-stable formalde-

hydogenic steroids was employed as an index of
adrenocortical activity. The infants of diabetic
women showed a higher A.S.F.S. excretion than
those of the controls on the first day, but this
difference was lost by the third day. The 17-keto-
steroid excretion of the two groups was very similar.
Infants of the abnormal group passed a greater
volume of urine in the first 48 hours than the control
infants. Their higher excretion of A.S.F.S., how-
ever, could not be explained on this basis. No
relationship was found to exist between the hormone
excretion values and neonatal behaviour.
The investigation was limited by the methods used

to assess adrenocortical activity and by the equally
great difficulty of obtaining satisfactory control
groups. Further studies have been undertaken
which may shed further light upon the possible
influence of hyperadrenocorticism upon the develop-
ment of the foetus of the diabetic mother.

I wish to express my gratitude to Professor R. W. B.
Ellis for his helpful criticism of this paper, to Professor
R. J. Kellar for laboratory facilities, to Dr. A. J. Slessor
of the Departmnent of Materia Medica at Glasgow
University for data referring to his use of cortisone in
pregnancy, to Dr. John Collins for the information
relating to neonatal adrenal haemorrhage, and to Miss
Pat Steven for technical assistance. I am indebted to
Dr. J. S. Robson and Dr. Reeta Renwick for the A.S.F.S.
and 1 7-ketosteroid investigations and to Dr. C. P.
Stewart for permitting this work in the Department of
Clinical Chemistry, Royal Infirmary of Edinburgh. I
am grateful to Doctors K. Macgregor, C. Tulloch,
S. Leiman, J. Shannon and M. Braudo for their assistance
in making the urine collections. I should also like to
express my thanks to Miss Wingate, of the Central
Medical Library, University of Edinburgh, for her help
in checking the references. Finally I should like to thank
the mothers who cooperated in the investigation, and
the nursing staff for all their help.
The Foley catheters were supplied to my specifications

by Messrs. William Ware & Co., Ltd.

REFERENCES
Anderson. E. and Long. J. A. (1948). Recent Progr. Hormone Res..

2. 209.
Baar. H. S. (1954). Lancer. 1. 670.
Barnes. A. C. (1954). Obstet. G nec.. 3. 322.
Barns, H. H. F. and Swver. G. 1. M. (1952). Brit. med. J.. 2, 914.
Bayliss. R. I. S., Browne, J. C. McC., Round. B. P. and Steinbeck.

A. W. (1955). Lancet, 1. 62.
Berglund. G. and Zetterstr6m, R. (1954), Acta paediat. (Uppsala).

43, 368.
Bjorklund, S. 1. (1953a). Nord. fed.. 49. 582.

(1953b). Acta paediat. (Uppsala). 42. 526.
(1954) .4cta endocr. (Kbh.). 15. 25.
and Jensen, C. C. (1955). Ibid.. 18. 133.

Black. K. O.. Macdougall. I.. Reid, E. and Young. F. G. (19521.
Lancet, 1. 19.

Bornstein. J. (1950). Aust. J. exp. Biol. med. Sci., 28. 93.
Reid. E. and Young. F. G. (1951). Nature (Lond.), 168. 903.

copyright.
 on M

ay 15, 2023 by guest. P
rotected by

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/adc.31.160.483 on 1 D
ecem

ber 1956. D
ow

nloaded from
 

http://adc.bmj.com/


INFLL-ENCE OF HYPERADRENOCORTICISM ON FOETUS OF DIABETIC WOMAN 501
Brasseur. L. (1953). Memoire pour le concours de Bourses de

Voyage du Gouvernement Belge. 15th Aug., 1953.
British Miedical Journal (1955). 2. 862.
Cardell. B. S. (1953). J. Obstet. Gynaec. Brit. Emp.. 60. 834.
Conn, J. W. (1945). Proc. Amer. Diabetes 4ss.. 5. 79.
Cope, C. L.. Bovsen. X. and McCrae, S. (1951). Brit. med. J., 2 762.
Corey, E. L. (1927). Proc. Soc. exp. Biol. (N.Y.), 25. 167.
Costa, E. J. de and Abelman, M.A. (1952). Amer. J. Obstet. Gynec..

64. 746.
Cotes, P. M.. Reid. E. and Young. F. G. (1949). Nature (Lond.),

164. 209.
Cra,%ford. J. D.. Term. M. E. and Rourke, G. M. (1950). Pediatrics,

5. 783.
Dohan. F. C. and Lukens, F. D. W. (1948). Endocrinology, 42. 244.
Dubreuil. G. and Anderodias. J. (1920). C.R. Soc. Biol. (Paris). U3.

1490.
Ehrich. W. (1934). Klin. Wschr.. 13. 584.
Esans. H. M.. Meyer, K.. Simpson. M. E. and Reichert. F. L. (1932).

Proc. Soc. exp. Biol. (N. Y.). 29. 857.
Farquhar. J. W. (1954). Archives of Disease in Childhood. 29. 519.

(1955). Ibid., 30. 133.
(1956). Ibib., 31. 203.

Fajans. S. S. and Conn. J. W. (1954). Diabetes. 3. 296.
Fisher. A. M. and Scott. D. A. (1934). J. biol. Chem.. 106. 305.
Frawley. T. F. (1953). At the 13th Annual Meeting of the American

Diabetic Association.
Gemzell. C. A. (1953). J. clin. Endocr.. 13. 898.
Gilbert, J. A. L. and Dunlop, D. M. (1949). Brit. med. J., 1. 48.
Goldzieher. M. A. and Gordon, M. B. (1932). Endocrinology. 16. 165.
Hausberger. F. X. and Ramsay, A. J. (1953). Ibid., 53. 423.
Helwig, E. B. (1940). Arch. intern. MUed.. 65. 22.
Hoet, P. L. (1953). J. Phvsiol. (Lond.), 120. 68P.

((1954a). Diabetes, 3, 1.
(1954b). Personal communication.

Houssay, B. A. and Biasotti. A. (1931). Endocrinology, 15. 511.
Foglia. V. G., Smyth. F. S.. Rietti. C. T. and Houssay, A. B.
(1942). J. exp. Med.. 75. 547.

Hultquist, G. T. (1948a). Acta path. microbiol. scand.. 25. 131.
(1948b). Nord. .Afed., 39. 1301.
Lindgren. I. and Dalgaard. J. B. (1946). Ibid.. 31. 1841.

Hurwitz, D. and Irving. F. C. (1937). Amer. J. med. Sci.. 194. 85.
Ingle, D. J. and Fisher. G. T. (1938). Proc. Soc. erp. Biol. (N. Y.).

39. 149.
Jackson. W. P. U. (1954). J. clin. Endocr., 14. 177.
-(1955). Lancet, 2, 625.
Jacobsen. N. S. (1934). Lgeskr. Laeg.. 96. 347.
Klein, R.. Papadatos. C.. Fortunato, J. and Byers. C. (1955). J. clin.

Endocr.. 15, 215.
Weigand, F. A.. lunes. M. and Greenman. L. (1956). Pedia-
trics. 17. 214.

Lawrence. R. D. and Oaklev. W. (1942). Quart. J. Med.. 11. 45.
Lukens. F. D. W. (1954). Diabetes. 3. 249.
Maassen. A. P. (1951). Verh. Akad. Wet. Amst. B. 54. 160.
Margulis. R. R. and Hodgkinson. C. P. (1953). Obstet. GYnec...1 276.

McArthur, J. W.. Sprague. R. G. and Mason. H. L. (1950). J. clin.
Endocr.. 10. 307.
Smart. G. A. MacLachlan. E. A., Ter. M. L.. Harting. D..

Gautier. E., Godley. A.. Swallow, K. A.. Simeone. F. A..
Zygmuntowicz. A.. Christo, E.. Crepeaux. J., Point, W. W. and
Benson. J. A.. Jr.. (1954). J. clin. Invest.. 33. 420.

Medical Research Council (1951). Lancer, 2. 585.
(1955). Ibid.. 2. 833.

Miller, H. C.. Johnson, R. D. and Durlacher. S. H. (1944). J. Pediat..
24.603.

Milman, A. E. and Russell. J. A. (1949). Fed. Proc.. 8. 111.
De Moor. P. and Lukens, F. D. W. (1951). Amer. J. Phy-siol..
166. 354.

Ogil've. R. F. (1944). J. Path. Bact.. 56. 225.
Okkels. H. and Brandstrup. E. (1938). Acta path. microbiol. scard..

15. 268.
Pedersen. J. (1952), Diabetes and Pregnancy. Blood Sugar of New-born

Infants. Copenhagen.
- (1954). Diabetes, 3. 199.

and Brandstrup. E. (1956). Lancet. 1. 607.
Petersen. K. E. (1947). Ugeskr. Laeg., 109. 913.
Potter. E. L.. Seckel. H. P. G. and Stryker. W_ A. (1941). 4rh.

Path. (Chicago), 31. 467.
Randle. P. J. (1954). Lancet. 1. 441.
Ringertz, N. (1943). Nord. Med.. 19. 1302.
Rogoff. J. M. and Stewart. G. N. (1929). Amer. J. Ph- siol.. 88. 1E'.
Rolland. C. (1954). Edinb. med. J.. 61. 257.
Rosenloecher. K. (1932). Arch. Gvndk.. 151. 567.
Salter, J. and Best. C. H. (1953). Brit. med. J.. 2. 353.
Simpson. S. L. (1952). Ibid.. 1. 725.
Slessor. A. (1951). J. clin. Endocr.. 11. 700.
Smith, 0. W., Smith, G. Van S. and Hurwitz. D. (1946). .4mer. J.

Obstet. Gvnec, 51, 411.
Stapleton, T. (1956). Archives of Disease in Childhood. 31. 42.
Stewart, H. A. (1914). Proc. 17th Int. Congr. Med., London, 1913.

Sect. 3. Pt. 2. p. 173.
Tahka. H. (1951). Acta paediat. (LUppsala). 40. Suppl. 81.
Talbot. N. B.. Sobel. E. H.. McArthur. J. W. and Crawford, J. D.

(1952). Functional Endocrinology from Birth through Adole-
scence. Cambridge. Mass.

Teining, S. (1947). Acta med. scand.. Suppl. 198.
Thomson, J. (1944). Archives of Disease in Childhood. 19. 169.
Tompsett, S. L. and Smith, D. C. (1954). J. clin. Endocr.. 14. 9"2
Torgersen, 0. (1943). Contribution to discussion in Nord. Med..

18. 696.
Warren, S. and LeCompte. P. M. (1952). The Pathology of Diabetes

.Uellitus. 3rd ed. Philadelphia.
Watts, R. M. (1935). Amer. J. Obstet. Gynec., 30. 174.
Wissler. R. W., Findley. J. W. and Frazier. L. E. (1949). Proc. Soc.

exp. Biol. (N. Y.), 71. 308.
Woerner. C. A. (1938). Anat Rec.. 71. 33.
Young. F. G. (1936). Lancet. 2. 297.

((1937). Ibid., 2. 372.
- (1951). Brit. med. J., 2. 1167.

(1953). Recent Progr. Hormone Res_. 8. 471.

copyright.
 on M

ay 15, 2023 by guest. P
rotected by

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/adc.31.160.483 on 1 D
ecem

ber 1956. D
ow

nloaded from
 

http://adc.bmj.com/

