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Summary. Plasma insulin and growth hormone levels were
measured during morning and afternoon oral glucose toler-
ance tests performed on 12 young men at three monthly
intervals in the Antarctic. No diurnal or seasonal differences
in growth hormone levels were found. However there were

Oral glucose tolerance tests were done in the
morning (08.00 hrs) and afternoon (16.00 hrs) on a
population of scientists and technicians spending a
year (1972) on an Antarctic Base. Tests were done
four times in the year as described in the previous
paper [2], at midwinter, midsummer and the two equi-
noxes. Venous blood was taken into EDTA tubes and
stored on ice until the end of the test. The blood was
centrifuged and the supernatant plasma removed and
frozen for subsequent shipment back to the U.K.

Metheds

Plasma insulin was measured on all samples by a
double antibody immunoassay [9]. Plasma growth hor-
mone was measured on fasting and 2% hour samples
by a similar immunoassay [6]. All samples from one
subject were analysed within one assay.

Results

Insulin

Mean insulin levels for each time point in the glu-
cose tolerance test, morning and afternoon for all
four seasons are shown in Table 1 with the corre-
sponding mean glucose levels. The highest insulin
levels and the greatest diurnal variation occurred in
March (Autumn). In subsequent tests, there was a
progressive decline in levels; in December both the
absolute levels of insulin and their diurnal variation
were less than in previous tests.

The relationship between insulin and glucose levels
is shown in Figs. 1 and 2. Mean levels were calculated
for each time point in the glucose tolerance test and

diurnal and seasonal variations in the blood glucose/plasma
insulin relationship.

Key words: Plasma insulin, oral glucose tolerance, diur-
nal variation, seasonal variation.

Table 1. Mean plasma insulin levels (+ SEM) and corre-
sponding mean blood sugar levels in glucose tolerance tests
carried out during March, June, September and December

at 08.00 hrs and 16.00 hrs
Mean Mean Mean Mean
Blood Plasma Blood Plasma
Sugar Insulin Sugar Insulin
(mg/100 (pU/ml) (mg/100  (uU/ml)
ml) ml)
March June
0800 hrs
Fast. 56+3 15+5 Fast. 57+3 155
05hr 94+7 6032 05hr 95+7 48+33
10hr 736 55%25 1.0hr 961+8 54127
15hr 575 29113 15hr 66+9 33*12
20hr 45+4 16%5 20hr 54+8 20%8
25hr 54+2 15+4 25hr 5315 15+%5
1600 hrs
Fast. 52+%3 15+ 6 Fast. 562 12+3
05hr 85+5 45+34 0.5hr 89+5 30X15
1.0hr 95+8 50%26 1.0hr 98+8 36+14
1.5hr 777 37%20 15hr 84 £9 33416
20hr 675 28+%15 20hr 6617 22+8
25hr 522 15*4 25hr 56+4 13%4
September December
0800 hrs
Fast. 356+2 10zx5 Fast. 47+2 14%6
05hr 92+6 30+f14 05hr 78+5 31+16
1.0hr 918 36+15 1.0hr 59+3 27%15
15hr 6615 24110 15hr 46+4 20%7
20hr 55%+3 16%7 20hr 42+3 135
25hr 5243 10+4 25hr 41+3 12+4
1600 hrs
Fast. 513 12+5 Fast. 48+3 1235
05hr 88+6 27+14 05hr 736 27%9
10hr 96 +t6 30+10 1.0hr 77%+8 30+12
1.5hr 77+8 26110 1.5hr 64+6 23+6
20hr 62+7 20%7 20hr 50+4 17%6
25hr 52+3 15%5 25hr 4813 13+4
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regression equations and correlation coefficients cal-
culated for the glucose/insulin relationship. The cor-
relation between insulin and glucose was in each in-
stance highly significant (p<C0.001), but there was
some seasonal variation in the slope of the insulin/
glucose regression. This can be seen in Fig. 2, the
largest difference being between March and Decem-
ber for the morning and, for the afternoon, between
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the actual values and glucose/insulin ratios calculated
from the mean of all glucose and insulin measure-
ments (Table 2).

Comparing morning and afternoon (Table 2), the
glucose/insulin ratio was lower in the morning in each
season. Comparing the seasons, the glucose/insulin
ratios were lowest in March both in the morning and
afternoon. :
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Fig. 1. Calculated regression lines for insulin/glucose relationship by time of day and by season. The points represent mean
values for each time point of the glucose tolerance test

March and September. The morning results for Sep-
tember and December are similar and in these months
there was little difference in the slope of the insulin/
glucose regression from morning to afternoon.

We have looked at this relationship in a slightly
different way by calculating glucose/insulin ratios.
To do this we found the intercept value of glucose,
i.e. when insulin was zero, for each season and time of
day. This value of glucose was then subtracted from

Growth Hormone

Fasting and 22 hr growth hormone levels did not
differ significantly between morning and afternoon or
between seasons.

Discussion

The insulin levels during GTTs done through the
year showed the same kind of diurnal pattern as those
described previously [3, 7, 10, 11]; the rise in insulin
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in response to glucose was delayed in the afternoon
compared with the morning. These authors have also
reported afternoon levels higher than the morning
ones later in and persisting to the end of the test. This
pattern is seen in the March, September and Decem-
ber tests, although the difference is only very small
in the latter two, and is absent in the June test. Fig. 1
portrays the insulin/glucose relation within the glu-
cose tolerance tests, but ignoring the temporal rela-
tions to the oral glucose stimulus. In March and June,
there are higher levels of insulin for a given level of
blood glucose in the morning. In September and
December, however, the morning and afternoon rela-
tionships are almost indentical. Glucose insulin ratios
are another way of expressing the relationship, though
they can be affected by changes in numerator, deno-
minator or in both. In the method that we have used,
they can also be affected by variations in the value of
the glucose intercept and we cannot tell whether such
variations are environmentally determined or are
simply the result of statistical artefact. There were
considerable seasonal variations in the glucose/in-
sulin ratio, with the lowest values in March, probably
the time when outside activity was greatest.

Whatever the explanation for the changing glu-
cose-insulin ratio, it is interesting that there can be
such a change and of considerable degree. Such a
variation has been demonstrated within individuals
when given different oral glucose loads [4, 5], in
obese individuals subjected to physical training [1],
between intravenous and oral administration of glu-
cose [8] and, in the present study, with environmental
changes. All these factors must be borne in mind,
therefore, when attempts are made to assess the glu-
cose/insulin ratio in individuals or groups and its
relationship to diabetes.
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Fig. 2. The calculated regression lines (Fig. 1) displayed for
morning and afternoon separately, by season

Table 2. (a) Mean = S.D. glucosefinsulin ratio by month and time of day. (b) Values of
‘t’ and ‘p’ for various statistical (using Student’s t test)

Time of Day March June September December
Morning 0.80 £ 0.29 1.16 £ 0.20 1.62 £ 0.33 1.64 = 0.28
Afternoon 1.18 + 0.03 1.71 £ 0.17 2.58 £ 0.25 1.74 £ 0.15
t value 3.19 5.09 5.69 0.62
P value <001 < 0.001 < 0.001 N.S.
March/ March/ March/ June/ June/ September/
June September December September December December
tvalue AM. 2.38 4.56 5.57 2.89 3.72 0.26
P.M. 7.54 13.87 7.62 7.21 0.35 7.21
Pvalue AM. <0.05 < 0.001 < 0.001 < 0.01 < 0.01 N.S.
P.M. <0.001 < 0.001 < 0.001 < 0.001 N.S. < 0.001
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