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The mechanisms underlying deterioration of glucose tolerance associated with hyperthyroidism are not completely under- 
stood. Increases in glucagon and growth hormone (GH) secretion have been previously found in hyperthyroid subjects, and 
could play a crucial role in this phenomenon. However, studies have not yet established the time sequence of changes in plasma 
glucose on the one hand and glucagon and GH on the other. To assess the early effects of thyroid hormone excess on glucose 
tolerance and plasma concentrations of the main giucoregulatory hormones, 12 nondiabetic euthyroid subjects underwent an 
oral glucose tolerance test (OGTT) before and after triiodothyronine ([T3] 120 I~g/d) was administered for 10 days. Plasma levels 
of glucose, insulin, glucagon, and GH were determined at fasting and after the glucose load. T3 administration caused a marked 
increase in serum T3 (8.8 -+ 0.6 v 2.0 -+ 0.1 nmol/L), with clinical and biochemical signs of thyrotoxicosis. During the treatment, 
plasma glucose significantly increased both at fasting and after the glucose load (basal, 5.3 -+ 0.1 v 4.8 -+ 0.2 mrnol/L, P < .05; 
area under the curve [AUC] for OG]-I', 7.7 -+ 0.3 v 6.7 +- 0.4 mmol/L • min, P < .01) without any change in plasma insulin levels. 
After T3 administration, plasma glucagon levels were lower than at baseline (basal, 92 +__ 7 v 148 + 35 ng/L; AUC, 74 _+ 6 v 
98 +- 16 ng/L • min, P < .05), showing an appropriate reduction bythe increased glucose levels, Conversely, plasma GH showed 
impaired suppression by hyperglycemia (AUC, 1.2 -+ 0.3 v 0.7 -+ 0.2 i~g / L - min, P < .05). In conclusion, thyroid hormone excess 
rapidly impairs glucose tolerance. Altered secretion of GH is an early event in thyrotoxicosis accompanying the onset of 
hyperglycemia, whereas plasma glucagon is appropriately suppressed by the increased plasma glucose levels. Thus, GH but 
not glucagon may contribute to the early hyperglycemic effect of thyrotoxicosis. 
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A B N O R M A L  GLUCOSE tolerance is often observed in 
hyperthyroid patients and usually reverts to normal 

on attaining euthyroid status. 1-4 To account for these 
clinical observations, several mechanisms have been pr O - 
posed, but the pathogenesis of this phenomenon is not 
completely understood. 

Thyroid hormones are capable of directly modulating the 
activity of several glycometabolic enzymes. 5-9 Nevertheless, 
derangement of intermediary metabolism in hyperthyroid- 
ism is probably mediated, at least in part, by thyroid 
hormone-induced changes in secretion and/or  tissue sensi- 
tiVity to other glucoregulatory hormones. 1°-13 

Conflicting results have been obtained regarding the 
pattern of insulin secretion and action in hyperthyroid 
subjects. 2,14"22 The reasons for these discrepancies and the 
possible role of these alterations remain controversial. 
Hyperglucagonemia has been consistently reported in hyper- 
thyroid subjects. I0,11,15,23,24 This finding could, in part, ac- 
count for the increased hepatic glucose production found in 
thyrotoxicosis. 16,19,25 On this basis, changes in plasma gluca- 
g0n have been causally related to the impaired glucose 
tolerance of this condition. Nevertheless, the effective role 
of glucagon has not been demonstrated. 

Thyroid hormones play a major role in the regulation of 
growth hormone (GH) synthesis and secretion. 26,27 Consis- 
tently, enhanced basal GH secretion and impaired GH 
response to various stimuli have been described in hyperthy- 
roidism.12! 15,28-31 This phenomenon also could be of some 
relevance in the alteration of glucose tolerance, since GH 
-has a considerable influence on glucose metabolism. 32,33 
The role of this factor has not been explored. 

Ttiis study was undertaken to evaluate the early changes 
induced by thyroid hormone exCess in plasma levels of 
insulin, glucagon, and GH, with the aim of gaining insight 
into the pathogenesis of impaired glucose tolerance in 
hyperthyroidism. 

SUBJECTS AND METHODS 

Subjects 

Twelve healthy subjects, 11 women and one man, were studied 
after providing informed consent. 

Table 1 shows the main characteristics of these subjects. Age 
ranged from 21 to 52 years, and body mass index from 17.5 to 33.4 
kg/m z. At baseline, all subjects had normal thyroid hormone levels 
and normal glucose tolerance. None had a history of endocrine or 
metabolic diseases. No subject was taking any medication during 
the 3 months before the study. 

Procedures 

Each subject underwent an oral glucose tolerance test (OGTT) 
before and after being rendered hyperthyroid by oral administra- 
tion of triiodothyronine ([T3] Ti-tre; Glaxo, Greenford, UK) 40 Ixg 
three times daily for 10 consecutive days. The test was performed in 
the morning after an overnight fast, according to National Diabetes 
Data Group recommendations. 34 

Blood was sampled from a forearm vein via an indwelling 
butterfly needle before and 30, 60, 90, and 120 minutes after 
glucose ingestion. Blood samples were assayed for plasma glucose, 
insulin, glucagon, and GH. Blood for glucagon assay was collected 
in EDTA tubes containing aprotinin 1~,000 KIU/mL All tubes 
were placed in ice and promptly centrifuged at 4°C at the end of the 
test. Samples for hormone measurements were stored at -20°C 
until the assays were performed. 
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Table 1. Clinical and Hormonal Characteristics of the Subjects (mean -+ SEM) 

Age (yr) Weight (kg) Heart Rate (bprn) T 3 (nmol/L) T4 (nmol/L) FT4 (prnol/L) Thyrotropin (mU/L) 

Before T3 39.6+_2.4 63.1 _+3.4 70_+4 2.0_+0.1 110_+5 18.4_+0.8 1.1 _+0.3 

After T3 61.8 + 3.7* 85 _+ 5* 8.8 -+ 0.6* 72 _+ 5* 13.9 _+ 1.3" <0.1" 

*P < .01. 

mone levels and basal plasma glucose, insulin, glucagon, 
and GH levels or their responses to the oral glucose load. 
Fasting plasma GH after T3 was positively correlated with 
the change in plasma glucose AUC induced by thyrotoxico- 
sis (r = .67, P = .03). 

Assays 

Plasma glucose level was measured by the glucose oxidase 
method on a Beckman Autoanalyzer (Beckman Instruments, 
Fullerton, CA). Plasma insulin and glucagon were assayed using 
double-antibody radioimmunoassay kits (Sorin Biomedica, Sa!ug- 
gia, Italy, and Byk Sangtec, Dietzenbach, Germany, respectively). 
Cross-reactivity of proinsulin in the insulin kit was 21.4%. Plasma 
GH level was measured by immunoradiometric assay using kits 
from Nichols Institute (San Juan Gapistrano, CA). Intraassay and 
interassay coefficients of variation were, respectively, 3.6% and 
6.5% for insulin, 3.5% and 4.0% for glucagon, and 2.4% and 3.5% 
for GH. Sensitivity limits of the assays for glucagon and GH were 
35 ng/L and 0.05 ixg/L, respectively. AI! samples from each subject 
were run in the same assay in duplicate. 

Statistics and Calculations 

Statistical analyses were performed with a paired Student's t test 
and linear regression. Areas under the plasma concentration 
curves (AUC) during OGTT were calculated using the trapezoidal 
method. Values are presented as the mean _ SEM. 

RESULTS 

T3 administration caused moderate to severe thyrotoxico- 
sis, as indicated by clinical and biochemical parameters 
(Table 1)i A l l  subjects experienced mild symptoms of 
nervousness or palpitations. Mean resting heart rate in- 
creased by 21%, and mean body weight decreased by 1.0 kg. 
Plasma I"3 was enhanced fourfold and plasma thyrotropin 
was decreased to an undetectable level by the short-term 
thyroid hormone administration. 

Glucose Tolerance 

In all subjects, glucose tolerance was normal before T3 
administration. Fasting plasma glucose, as well as the 
plasma glucose response to an oral glucos e load, was 
significantly higher after thyrotoxicosis was induced (basal, 
5.3 -- 0.1 v 4.9 _+ 0.2 mmol/L, P < .05; AUC, 7.7 +- 0.3 v 
6 .7 - -0 .4  mmo!/L" min, P < .01; Fig 1A). One subject 
showed a diabetic curve after administration of thyroid 
hormones. 

Glucoregulatory Hormones 

No difference was noted in fasting or glucose-stimulated 
plasma insulin levels before and after treatment (Fig 1B). 

After T3, fasting plasma glucagon was decreased, but th e 
difference failed to reach statistical significance. Moreover , 
glucagon levels after glucose ingestion were significantly 
lower in the thyrotoxic state than at baseline (Fig 2A). 

Fasting plasma GH levels apparently were not affected 
by thyroid hormone excess. On the other hand, GH 
suppression following the glucose load was impaired after 
thyrotoxicosis was induced (Fig 2B). 

No relationship was found between serum thyroid hor- 

DISCUSSION 

The present study examined the early impact of T3- 
induced thyrotoxicosis on glucose tolerance and plasma 
levels of some major glucoregulatory hormones: insulin, 
glucagon, and GH. In accordance with previous data, 2,1°,2°,21 
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Fig 1. Plasma glucose (A) and insulin (S} levels during OGTT 
performed before (©) and after (Q} T3 treatment. Inset: AUC before 
([]) and after (B) treatment. *P < .05, * *P  < .01. 
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Fig 2. Plasma glucagon (A) and GH (B) levels during OGTT per- 
formed before (©) and after (O) T3 treatment, Inset: AUC before (R) 
and after (11) treatment. *P < .05. 

our results showed that even a short-term thyroid hormone 
excess is capable of impairing glucose tolerance: T3 admin- 
istration increased mean plasma glucose by approximately 1 
mmol/L over baseline values throughout the OGTT; re- 
markably, one subject became diabetic after T 3 treatment. 

Despite higher plasma glucose, no change in basal and 
stimulated plasma insulin concentrations was observed 
after T3. This finding suggests a relative impairment in 
glucose-induced insulin secretion and/or an enhancement 
in insulin clearance. With respect to these hypotheses, data 
from previous studies yielded conflicting results. Fasting 
plasma insulin and its response to oral glucose have been 
reported to be increased, normal, or decreased in hyperthy- 
roidism. 2'18-21 It is noteworthy that hyperinsulinemia, often 
found in hyperthyroid patients, may be attributable, at least 
in part, to increased plasma proinsulin, 13,35,36 which cross- 
reacts with anti-insulin antibodies in commonly used kits 
for insulin assay. In assessing insulin secretion by C-peptide 

levels, some studies reported impaired insulin secretion in 
hyperthyroid patients. 18,2°,36 This hypothesis has also been 
supported by the finding of low insulin content in pancre- 
atic islets of hyperthyroid rats. 3v The role of possible 13-cell 
dysfunction is unclear. Evaluation of insulin clearance also 
gave controversial results. However, most of the studies 
examining this parameter found no alteration in hyperthy- 
roidism. 13,16,19,22 It should be noted that in absolute terms 
plasma insulin was unchanged after T3 in our subjects. This 
makes it unlikely that any impairment of insulin secretion 
may be the sole cause of hyperglycemia, although it may be 
a contributory factor. 

In contrast to findings in spontaneous chronic hyperthy- 
roidism, our data in the early thyrotoxic condition failed to 
demonstrate increased glucagon levels. On the contrary, 
plasma concentrations of this hormone were appropriately 
decreased by the higher plasma glucose levels. Since hyper- 
glycemia precedes the increase in glucagon levels, it could 
be argued that glucagon is not the factor determining the 
impairment in glucose tolerance associated with thyroid 
hormone excess. Nevertheless, when plasma glucagon has 
increased later in the natural history of spontaneous hyper- 
thyroidism, 1°A1,15,23,24 effects of hypergtucagonemia might 
also contribute to alterations of glucose metabolism. 

From this study, it can also be concluded that hypergluca- 
gonemia does not seem to be a direct effect of thyroid 
hormone excess. A possible explanation for this phenom- 
enon in chronic hyperthyroidism is hepatic glycogen deple- 
tion, 3,38,39 which represents the main stimulus for glucagon 
secretion. 4°,41 Glucagon has been demonstrated to promote 
thyroxine (T4) conversion to rT342 and to reduce the 
number of thyroid hormone receptors in animal models. 43 
We can thus speculate that hyperglucagonemia from pro- 
longed hyperthyroidism might also be an adaptation to 
reduce the impact of thyroid, hormone hypersecretion. 

This study did not show changes in fasting plasma 
concentrations of GH in the thyrotoxic condition. However, 
a single determination of GH levels is inadequate to assess 
basal secretion of this hormone, which requires frequent 
blood sampling throughout the entire day to document 
secretory bursts. This was not possible in the present study. 
Indeed, several studies reported no significant difference in 
basal GH levels between hyperthyroid patients and con- 
trols, 15,23,28,3°,31 although increased spontaneous hormone 
secretion has been clearly demonstrated in hyperthyroid- 
ism¢ 2 According to previous reports in spontaneous hyper- 
thyroidism, 28,44,45 after short-term administration of T3 there 
was a blunted inhibitory effect of hyperglycemia on GH 
levels. Altered secretion of GH thus seems to be an early 
event in thyrotoxicosis, accompanying the onset of hypergly- 
cemia. This hormone undoubtedly exerts insulin-antagonis- 
tic activity on glucose metabolism. GH hyperglycemic 
effects of clinical significance have been demonstrated in 
acromegaly 46 and diabetes, 47 as well as in GH-deficient 48 or 
normal 32 subjects given exogenous GH. Furthermore, GH 
infusion acutely induces pronounced and very early de- 
creases in peripheral glucose uptake. 33 In the present study, 
a relationship was found between fasting GH levels after T3 
administration and the increase in plasma glucose levels 
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induced by thyroid hormone  excess. As  a whole, these 
observations suggest that  G H  may also play a pathogenet ic  
role in impaired glucose tolerance from hyperthyroidism. 
However ,  in this case, increased insulin levels would be 
expected. A plausible explanation for the absence of  
hyperinsulinemia would be that  insulin secretion is also 
impaired. Fur ther  studies are required to confirm this 
hypothesis. 

In conclusion, thyrotoxicosis rapidly impairs glucose 
tolerance. G H  but not  glucagon may contribute to the early 
hyperglycemic effect of thyroid hormone excess. 
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