
145

CHANGES OF SERUM TSH LEVEL DURING ORAL GLUCOSE
TOLERANCE TEST: COMPARISON OF MORNING AND EVENING

TEST WITH PLAIN CIRCADIAN TSH RHYTHM
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Objective. To compare the changes of TSH level in serum during oral glucose tolerance test
(OGTT) with those resulting from a plain circadian rhythm and, in addition, to compare such
changes between the morning and evevning hours.

Methods. Oral glucose tolerance tests were performed in groups of 8-20 adults after the oral
administration of glucose (75 g in 400 ml tap water) at 8.00, 10.00 and 20.00 h. Blood samples
for the estimation of TSH (superensitive IRMA method) were taken in 30 min intervals for
following 3 hours. In the same groups of subjects the blood samples were obtained between 8.00
and 13.00 h or between 20.00 and 23.00 h one week later for the assessment of plain circadian
rhytm of TSH levels.

Results. The level of TSH in a group subjected to OGTT at 8.00 h was significantly de-
creased (P<0.05) between 8.30 and 10.30 h, i.e. 30-150 min after glucose administration which
was parallel to the circadian decrease found in the same subjects. However, this was followed
by an increase of TSH up to the original level reached at 11.00 h which was contrasting to
a circadian decrease. Similar pattern was found also when OGTT was started at 10.00 h. In
a group subjected to the evening OGTT at 20.00 h similar decrease of TSH level was found at
21.00 h which was contrasting to the circadian increase. However, this was followed by
a remarkable increase of TSH level between 21.00 and 23.00 h which was parallel to the cir-
cadian trend, but much more abrupt than that found without the previous administration of
glucose.

Conclusions. In both the morning and evening OGTT a decrease of TSH level was found
between 30 and 90 min after glucose administration which was followed by an increase between
90 and 180 min after that. The decrease during the morning test was parallel to the circadian
trend, while the increase was opposite to that. However, an inverse figure was found in the
evening test, the decrease of TSH being opposite and following increase being parallel to the
circadian trend.
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There are several reports on the effect of chang-
es in carbohydrate metabolism such as insulin in-
duced hypoglycemia (SMYTHE et al. 1985; LAMBER-
TON et al. 1986; JEZOVA et al. 1987; WATANABE et al.
1987), intracellular glucopenia after 2-deoxy-glu-
cose (MARTINO et al. 1984; PAINSON et al. 1985) or

oral glucose (BERELOWITZ et al. 1982; GRILL et al.
1984) as well as exercise-induced glucose decrease
(SCHEEN et al. 1998) either on the release of anteri-
or pituitary hormones or their level in blood which
may be mediated by hypothalamic releasing or in-
hibiting factors.
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So far, the interrelations between carbohydrate
metabolism and thyrotropin were studied with the
aid of TRH test (ROEJDMARK and NYGREN 1983; ROE-
JDMARK et al. 1989), insulin hypoglycemia (LAMBER-
TON et al. 1986; VIGAS et al., 1988) in man or with 2-
deoxy-glucose in rats (MARTINO et al. 1984). Recent-
ly, KAMAT et al. (1995) reported a significant decline
in serum TSH after normocaloric, but not after hy-
pocaloric isobulk meal and suggested that this may
result from food-induced elevation of somatostatin
and consequent suppression of TSH secretion. Si-
multaneously YANG et al. (1995) found the suppres-
sion of TRH-stimulated TSH secretion by glucose-
induced hypothalamic somatostatin release.

Since the the normocaloric mixed meal as used
by KAMAT et al. (1995) does not appear to be precise-
ly defined, we focused our attention to the adminis-
tration of purely defined stimulus such as glucose.
Moreover, we intended to test whether the adminis-
tration of glucose could influence not only TRH-stim-
ulated (YANG et al. 1995), but also basal TSH release
and to compare the effect of glucose on TSH level in

morning and evening hours as related to the circadi-
an rhythm of TSH level.

Subjects and Methods

Healthy human volunteers who participated in this
study gave their written informed consent.

Observation 1: 12 staff members of this Insti-
tute (9 males and 3 females, age range 27 to 43
years) and 8 medical students (all males, 21 years
of age) were subjected to oral glucose (75 g gluco-
se in 400 ml tap water) tolerance test (OGTT) be-
tween 8.00 and 11.00 h after overnight fast. One
week later the blood samples were taken from 10
of those subjects between 8.00 and 13.00 h to ob-
tain control values in respect to circadian rhythm
of TSH level.

Observation 2: 20 medical students (all males,
21 years of age) were subjected to OGTT (see above)
between 10.00 and 12.00 h after overnight fast.

Observation 3: The same group of 8 medical stu-
dents (all males, age 21 years) who participated in the
observation 1 was subjected to following 2 tests in
one week intervals: 1. evening control test: blood sam-
pling after 12 h fast every 30 min between 20.00 and
23.00 h; 2. evening OGTT between 20.00 and 23.00
h after 12 h fast (for time intervals see Line A, Fig 1).

Laboratory methods. The blood samples were
obtained through indwelling catheter inserted into
a cubital vein. The serum was obtained by centrifu-
gation and kept frozen until assayed. The level of
sensitive TSH was estimated with the aid of IRMA
using the kits purchased from Travenol (Belgium).
The samples from each observation were estimated
in duplicate and in the same assay.

Statistical evaluation. The data on TSH level were
evaluated with one way repeated measures ANOVA
followed by Friedman�s repeated measures analysis
of variance on ranks.

Results

As expected, in each observation the levels of glu-
cose and insulin (not shown) increased significantly
after the ingestion of glucose showing a maximum
at 30 min and then declining up to about the initial
level at 120 to 150 min. No deviations were found
from normal pattern of OGTT.

Fig. 1 The levels of TSH in human volunteers (mean ± S.
E.) during OGTT after the administration of glucose at

8.00 h (Line A, N=20) and 10.00 h (Line C, N=20) as
compared to the plain circadian rhythm of TSH level (Line

B) in 10 subjects participating in the test A as examined
one week later.
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Morning tests. As shown in Fig. 1, the level of
TSH in a group subjected to OGTT at 8.00 h (Line
A, Fig. 1) was significantly decreased (P<0.05) at
8.30, 9.00, 9.30, 10.00 and 10.30 h, i.e. 30-150 min
after glucose administration. At all intervals men-
tioned the level of TSH was also significantly lower
than that at 11.00 h. This means that at 11.00 h the
TSH level increased to the original value.

The above described decrease of TSH within first
90 min (i.e. between 8.00 and 9.30 h) of OGTT
(P<0.05) appears to be parallel to the physiological
decrease of TSH level in such a period of the day
due to the circadian rhythm. However, the increase
of that level during the second period of OGTT (i.e.
between 9.30 and 11.00 h) certainly is opposite to
the continuing physiological decline. It should be
mentioned that the control examination (Line B, Fig.
1) showed a continuous decrease for as long as 5 h,
the TSH levels at 9.00, 10.00, 11.00, 12.00 and 13.00
h being significantly lower (P<0.05) than the initial
level (i.e at 8.00 h).

In the group subjected to OGTT at 10.00 h (Line
C, Fig. 1), significant decrease of TSH level between
10.00 and 11.30 h was also parallel to the circadian
trend, but the increase of that at 12.00 h (P<0.05)
was again opposite to the physiological trend of TSH
levels and was similar to that found between 9.30
and 11.00 h during the OGTT performed at 8.00
h (Line A, Fig. 1).

Evening test. Similar, but somewhat different
changes of TSH level were found in the evening
OGTT (Line A, Fig. 2). Thus, even in this case a de-
crease of that (P<0.05) was found at 21.00 h as com-
pared to the initial level at 20.00 h. However, it
should be stressed that in this case such decrease
was opposite to the increasing trend of circadian
rhythm of TSH level (Line B, Fig. 2). In addition,
a highly significant increase of TSH level was found
between 21.00 and 23.00 h (i.e. 60-180 min after
glucose administration). This was remarkably more
expressed than that due to the circadian rhythm and
was also apparently much more abrupt than that
during the second half of OGTT in morning hours.

Discussion

From these results a decrease of TSH level dur-
ing the first 90 min of OGTT followed by an increase

during the next 90 min appears to be repeatedly es-
tablished which was mostly convincing in the evening
OGTT. Such phenomenon could be explained either
by the changes in TSH secretion rate or by the chan-
ges in peripheral disposal rate of this hormone or by
a combination of both.

Perhaps the most plausible would be a possibility
of decreased TSH secretion after the administration
of glucose which might be due to the increase of ei-
ther peripheral or hypothalamic somatostatin release.
The former possibility may be supported by repea-
ted findings on a decrease of TSH level after the in-
fusion of exogenous somatostatin (reviewed by BRA-
BANT et al., 1989). In addition, in dogs and normal
volunteers the increase of somatostatin occurring 90-
120 min after ingestion of test meals have been re-
ported which presumably reflect the release of so-
matostatin from the gut (SHIBASAKI et al. 1989; GREEN-
BERG et al. 1993; MARTINEZ et al. 1993; HILDEBRAND

et al. 1994).
The next question probably should be whether

the glucose or insulin themselves may influence

Fig. 2 The levels of TSH in human volunteers (mean ± S.
E.) during OGTT after the administration of glucose at

20.00 h (Line A, N=8) as compared to the plain circadian
rhythm of TSH level in the same subjects as examined one

week later.
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the release of somatostatin from the hypothalamus.
In this respect the observation by GRILL et al.
(1984) should be presented who found an increase
of plasma somatostatin level at 30-90 min after
oral glucose, but they did not answer the question
whether such somatostatin comes from the brain
or from the periphery. Several authors reported an
increase of somatostatin release from the hypo-
thalamus after 2-deoxy-glucose in rats in vivo
(LENGYEL et al. 1984; PAISON et al. 1985) or in vit-
ro (BERELOWITZ et al. 1982) and similar type of
effect was described by SMYTHE et al. (1982) which
was due to a decrease of brain glucose utilization
after insulin injection in rats. Although CHIHARA

et al. (1979) did not find any changes of soma-
tostatin release from median eminence after in-
jection of microquantities of glucose into cerebral
ventricles, such finding must not be relevant to
the present observation.

There are only few observations related to the
effect of glucose or insulin directly on the TRH-
TSH axis. Thus, in rats MARTINO et al. (1984) found
a decrease of hypothalamic TRH and increase of
blood TSH after intracellular glucopenia resulting
from the administration of 2-deoxy-glucose. After
insulin injection an increase of plasma TRH level
in rats was reported by MITSUMA et al. (1984). ROE-
JDMARK et al. (1988) did not observe any difference
of TSH level in TRH test between human volun-
teers subjected to marked hyperglycemia with the
use of hyperglycemic clamp technic. In diabetic pa-
tients with hyperglycemia a blunted nocturnal peak
of TSH level was found which was normalized af-
ter the correction of hyperglycemia (BARTALENA et
al., 1993).

Finaly, a direct neuromodulatory effect of in-
sulin on TSH release from the pituitary may be
taken into account which was discussed previous-
ly on the basis of the observed decrease of TSH
level during insulin induced hypoglycemia (VIGAS

et al., 1989). The present data support the view on
such possible effect of insulin, since a decrease
of TSH level was coincident with the increased
level of insulin. In contrast, our findings do not
support the view by LAMBERTON et al. (1986) who
explained a decrease of TSH level after insulin
administration as a result of stress effect from a-
cute hypoglycemia, since in these observations we

found a decrease of TSH together with increased
glycemia.

Since there undoubtedly exists a circadian rhythm
of TSH level in serum with a zenit at about 22.00
h to 4.00 and a nadir at about 10.00 to 16.00
h (SOWERS et al. 1982; GREENSPAN et al. 1986; ROS-
SMANITH et al. 1988; BRABANT et al. 1989), the ques-
tion arose to which extent this might interfere with
the observed changes during OGTT. It should be
pointed out, first, that in the morning tests the de-
crease of TSH level after glucose is difficult to be
distinguished from the physiological decrease of that
level occurring at the same time as shown namely in
Fig. 1. Second, there was an increase in TSH level at
180 min after glucose in the morning tests and, in
addition, its direction was opposite to the physiolog-
ical decrease. In contrast, in the evening test
a decrease of TSH level after glucose tended against
the physiological increase, while the increase at 2-3
h after glucose was remarkably more expressed than
the increase due to the circadian rhythm and also than
that in morning test.

Our findings are in aggreement with those by KA-
MAT et al. (1995) who recently showed a decrease of
TSH level after normocaloric meal and suggested
that this may result from food-induced elevation of
somatostatin. Simultaneously YANG et al. (1995)
found the suppression of TRH-stimulated TSH se-
cretion by glucose-induced hypothalamic somatosta-
tin release.

However, it appears that the mechanism result-
ing in the increase of TSH level which follows the
initial decrease after glucose administration still
remains to be explained. Actualy, KAMAT et al.
(1995) described only a decrease of TSH level af-
ter lunch or dinner, while YANG et al. (1995) ob-
served the supression of TRH-induced TSH secre-
tion including that after glucose pretreatment after
the inhibition of somatostatin release by pyridostig-
mine. In our study, remarkably increasing TSH lev-
el was found during the second half of OGTT which
was synchronic with the decrease of blood glucose
and insulin level, but opposite to the circadian de-
crease of TSH. In contrast, similar increase of TSH
level during the evening OGTT was much more
abrupt and parallel to the circadian increase of TSH,
although again synchronic with the decrease of glu-
cose and insulin level.
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