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Swmmary. Plasma glucose, immunoreactive insulin,
and growth hormone (GH) have been estimated during
- morning {AM) and afternoon (PM)} oral glucose tolerance
tests (GTT) in a group of 22 subjects, 18 of whom were
young women. receiving combined oestrogen-progestogen
oral contraceptives. Impaired PM glucose tolerance with
associated delay and impairment of insulin secretion has
been confirmed, as has the inverse correlation between
obesity and diurnal GTT variation. Diurnal changes in
GH are unlikely to be responsible for this circadian GTT
rhythm. Patients on oral contraceptives continue to show

Introduction

Tt is believed that about 15%, of otherwise normal
women. develop chemical diabetes when taking com-
bined oestrogen-progestogen oral contraceptives [1].
Tt has also been suggested that many of the metabolic
features of patients receiving these drugs are similar
to those found in obesity — a situation perhaps ex-
plicable on the basis of increased glucocorticoid activity
in both instances [2].

One feature of obesity which has so far not been
reported in patients receiving oral contraceptives is the
loss of diurnal glucose tolerance rhythm deseribed in
overweight subjects [3]. Glucose tolerance tests in
women on oral contraceptives have always been carried
out in the morning; there is therefore no information
as to whether, as in obege subjects, an afternoon test
would give gimilar results to a morning one or whether,
a8 in normal subjects, deterioration would oceur during
the day. If the former situation were found to obtain,
it could be supposed that carbohydrate tolerance would
only be impaired for a small part of the day in women
on the “pill” — a state of affairs which could perhaps
be regarded as less potentially serious than one in
which mild carbohydrate intolerance in the morning
was agsociated with a high incidence of frank chemical
diabetes later in the day.

Previous work on the subjeet of diurnal variation
in glucose tolerance has largely been carried out on
men, [4, 3]. A group of 22 subjects, including 13 women
on combined oral contraceptive preparations has now
been studied. The opportunity was taken to estimate
plasma ingulin and growth hormone (GH) during the
tests, and again to examine the effect of obesity on the
diurnal glucose tolerance rhythm.

a normal GTT rhythm, so that a mildly abnormal AM
test is likely to be associated with a more severely diabetic
PM test. These observations indicate that while obesity
and oral contraceptive use may have metabolie features
in common, they differ in this respect; they support the
view that, if possible, carbohydrate tolerance should be
monitored in women taking oral contraceptives in whom
a tendency to diabetes is suspected.
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Material and Methods

Oral glucose tolerance tests (1 g/kg, in 360 mi
water) were carried out on 22 subjects, 21 women and
1 man, 13 of the women being on combined oestrogen-
progestogen oral contraceptive preparations. Each
subject received a diet containing at least 200 g carbo-
hydrate for 3 days before each test; the tests were all
carried out with the subject semi-recumbent in hed,
having rested for at least 30 min to establish basal
conditions after insertion of a polythene canula
(““Braunula”) for blood sampling.

Tegts were carried out under two conditions:

AM. at 9.00 a.m. after a fast from 10.00 p.m. the
previous night

P.M. at 3.00 p.m. after having only had a light dry
breakfast on the morning of the test.

This arrangement was as close to comparable condi-
tions of preparation as could be obtained in out-patients.
It wasregarded as desirable to perform the tests on out-
patients rather than in-patients, to sample a situation as
close as possible to the normal pattern of daily life.

Blood samples were taken into lithium heparin
tubes (Stayne laboratories) and keptiniceforupto2h
prior to separation of plasma for analysis. Glucose was
estimated for all tests, using the autoanalyser glucose
oxidase method of Cramp [5]. Insulin and growth
hormone were estimated on samples from 17 pairs of
tests, using a combined radio-immuncassay technique
with 125-1 GH and 131-I insulin, based on published
methods [6, 7].

Results

A) Glucose
Plasma glucose hag been estimated on the whole
series of patients, as shown on the left of Fig. 1. The
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afternoon pattern is clearly different from that found
in the morning, significance of p < 0.05 or better being
obtained (paired Student’s t-test) from 60—150 min
after glucose. There is only a small difference between
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The pattern of AM and PM tests is very similar to that
seen for the group as a whole, and there is no evidence
that the impaired carbohydrate tolerance of women
on O/C is due to loss of diurnal rhythm.
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Fig. 1. Mean plasma glucose, insulin and growth hormone values before (F'1 and F2) and after (time in minutes) oral
glucose 1g/kg for all subjects tested. Solid lines represent morning (AM) tests, dotted lines afternoon (PM) tests.
Values for p are calculated using paired Student’s t-test
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Fig. 2. Mean plasma glucose and insulin values before

(F1 and ¥F2) and after (time in minutes) oral glucose

1 g/kg for women taking oral contraceptives (O/C). This

figure includes comparable data from women tested in the
morning before starting O/C (see text)

the fasting values for the AM and PM tests and both
have returned to gimilar values by 180 min.

Glucose values for the oral contraceptive patients
(O/C) are shown on the left side of Fig. 2, which also
shows the mean glucose values for 108 comparable
pre-O/C women tested in exactly the same way, using
the same glucose method in the same laboratory [2].

Fig. 3. Correlation between percentage ideal body weight
and ratio of areas under PM and AM 3 h oral glucose
tolerance curves, for all patients studied. The value in
brackets has not been used in the statistical caleulation

In Fig. 3 the ratio of areas under the 3 h glucose
curves for the AM and PM tests has been plotted
against the percentage ideal body weight [8]. Even
omitting one grossly obese subject, there is a highly
significant inverse correlation between these two para-
meters (r= —0.599, p <0.01) as previously reported

3.
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B} Insulin

In the centre of Fig. 1 the mean insulin data is
shown for the 17 pairs of tests in which this hormone
was estimated. The mean values have been calculated
from log-transformed data, to conform with the
reported distribution of fasting and post-glucose insulin
values [9, 10]. The most characteristic feature of the
PM tests wag the delayed rise, with a peak value at
90 min as compared with 60 min for the AM tests.
From 90 to 180 min the PM values were higher than
the AM ones, the pattern being strongly reminiscent
of that seen in AM tests on mild diabetics. Differences
between AM and PM mean values reached statistical
significance (p << 0.05 or better) at 30, 60 and 120 min,
as shown in Fig. 1. The right hand graph of Fig. 2
shows that the pattern was very similar for the patients
receiving O/C (10 subjects) supporting the impression
that morning carbohydrate intolerance on O/C was
not due to loss of diurnal rhythm. Fig. 2 also shows
the insulin data from 38 pre O/C women, of similar age
and weight distribution, whose plasma insulin levels
have recently been estimated in -our laboratory. The
pre O/C insulin pattern corresponds closely to the pre
O/C glucose pattern, with a peak mean value at 30 min.

C) Growth Hormone

The right hand graph of Fig. 1 shows mean GH
data for the 17 patients on whose samples assays were
performed. The AM GH levels were significantly
higher than the PM ones up to 60 min after glucose.
Nevertheless, suppression of GH by glucose was similar
in the two tests. From 90 to 180 min, AM and PM GH
values were identical. GH values have not been plotted
separately for the O/C patients only, as they yielded
no further information, having exactly the same
distribution pattern as the larger group.

Discussion

The oral glucose tolerance of normal subjects is
known to deteriorate during the course of the day [11,
12]. Jarrett and Keen [4] reported loss of diurnal
variation in mild diabetes and later demonstrated an
inverse relationship between diurnal variation and
degree of obesity [3]. The studies described in this
report were designed to shed light on the problem of
chemical diabetes induced by oral contraceptives, and
also to provide further information about the diurnal
glucose tolerance rhythm. Statistically significant
results were quickly obtained using a small series of
patients.

Previous studies revealed that impaired glucose
tolerance in the afternoon is associated with delayed
and impoverished insulin secretion [13]. The insulin
assays carried out for that report were performed in
the same laboratory as the present study, but presented
greater technical problems, being carried out on capil-
lary plasma, using the method previously developed
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for very small fetal samples; for the present study,
venous plasma samples stored under optimal conditions
were used. It was therefore encouraging to obtain
exactly the same pattern of insulin secretion in the
present study, which yielded AM peak values whose
arithmetical means were similar to those previously
reported from our laboratory, although fasting values
are now lower; the latter were almost certainly due to
technical improvements in the assay system (see Fig. 2)
and conformed more closely to our own recent results
obtained on fasting plasma using a specially sensitive
assay technique [9].

The use of oral contraceptives is associated with a
rise in both glucose and insulin values (Fig. 2) suggest-
ing that reduced net glucose assimilation, perhaps
associated with insulin resistance, ig likely to be the
primary abnormality. In contrast, afternoon glucose
tolerance tests show increased glucose values, with
delayed insulin secretion, similar to that seen in the
morning in mild diabetes; the major abnormality in
both instances appears to be loss of the prompt release
of insulin in responge to a glucose stimulus.

An endogenous clinical glucose tolerance rhythm
could be mediated either through an autonomicpathway
governing insulin secretion, or by a hormonal mecha-
nism modulating insulin sensitivity and acting through
hypothalamusg and pituitary. A hormonal component
is implied by the observation that alterations in insulin
sengitivity as well as secretion must be invoked to
explain all the glucose and insulin patterns observed
in paired AM and PM tests [13, 14]. Cortisol and growth
hormone are the two most important insulin antago-
nists known to be under hypothalamic control; as
plasma levels of the former are known to be highest in
the morning, we examined ehanges in GH during the
present series of tests.

The well recognised lability of basal GH values in
yvoung women {15] is reflected in the very wide range
of fasting GH values, and our findings provide no
evidence that GH contributes significantly to diurnal
variations in glucose tolerance. This contrasts with, for
instance, the Somogyi effect, where an insulin antago-
nist effect of GH is probably important [16].

The observed relationship between obesity and
diurnal glucose tolerance rhythm confirms the original.
observation of Jarrett and Keen [3]. Obesity is known
to be associated with insulin resistance, and it is likely
that subjects who become obese without developing
diabetes are producing and secreting considerably more
ingulin than their counterparts of normal weight. This
difference could be one factor contributing to the
uniformity of glucose tolerance seen during the day
in obese subjects. It has been suggested that obesity
and oral contraceptive use may have many metabolic
features in common [2]; however, the effects of obesity
and oral contraceptives on diurnal glucose tolerance
rhythm seem to be different. Thus when trying to
assess the significance of impaired carbohydrate toler-
ance in patients on oral contraeeptives, it must be
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recognised that the observed morning abnormalities
are likely to be present to an exaggerated extent, in the
afternoon. It is still uncertain whether this degree of
chemical diabetes is harmful to the asymptomatic
“pill” user.
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