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Summary

The response of the pituitary- thyroid axis,
trilodothyronine (rT3), prolactin, and growth hormone (GH) levels
following TRH stimulus (Relefact TRH 200 pug 2 amp. i.v.) was
examined in patients with autoimmune diabetes type 1 (DM1,
n=30), with autoimmune thyroiditis (AT, n=25), and with
concurrent DM1 and AT (n=22) to evaluate the influence of DM1
and AT of autoimmune pathogenesis on the above-mentioned
hormonal parameters. Statistical analysis (ANOVA) showed that:
a) the response of TSH did not differ from control groups (C); b)
free triiodothyronine (fT3), free thyroxine (fT4) and their ratio in
DM1, DM1+AT and C rose in 120 and 180 min, while a similar
increase was not seen in AT (p<0.000001); c) rT3 was not
present in any group, with rT3 levels higher in AT (p<0.00002)
and lower in DM1 (p<0.02); d) the response of GH had a
paradoxical character in some patients in all groups, most often
in DM1 (52 %, DM1 vs C, p <0.01). The characteristic response
difference was not in the peak GH level, but the delayed return
to basal levels in DM1 (p<0.0001) and an abrupt one in AT
(p<0.0001). The major findings in DM1 were the differences in
GH response, while significant impairment of pituitary-thyroid
axis and PRL response to TRH was absent. AT was associated
with impairment of TRH stimulated fT3, fT4, fT3/fT4 response
and changes in rT3 levels, in spite of preserved TRH-stimulated
TSH secretion. GH response in AT patients was also altered.
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Introduction

Changes of the production and secretion of
thyroid hormones accompany many diseases — e.g.
chronic renal failure, some psychiatric disorders etc.
(Bartalena et al. 1990). The introduction of the TRH test
in 1969 allowed the study of the of thyroid regulation at
the hypothalamic and pituitary level in humans. Due to
the frequent coexistence of thyroid diseases and diabetes
mellitus (Vondra ef al. 2005, Barova et al. 2004, Prazny
et al. 2005), the behavior of the hypothalamic-pituitary-
thyroid axis has been thoroughly studied in patients with
diabetes mellitus. A number of authors described its
impaired response to TRH stimulus. When evaluating the
conclusions of these studies, it is important to realize, that
the majority of these studies were done during times
when diabetes classification was not specified in terms of
pathogenesis, the samples of patients were small and not
unified with respect to age and metabolic control of
diabetes. Because studies following the response of
to TRH
inconclusive, we decided to conduct our own study: we

growth hormone stimulus are similarly
assessed the response of the thyroid stimulating hormone
(TSH) secretion, free triiodothyronine (fT3), free
thyroxine (fT4), reverse T3 (1T3), prolactin (PRL) and
growth hormone (GH) levels after TRH stimulus in
patients with type 1 diabetes, autoimmune thyroiditis and
with a combination of both diseases. The goal was to
acquire more detailed data in well-defined groups of
patients and to influence of

study the possible
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Table 1. Basic characteristics.
Controls DM1 AT DMI1+AT
f m f f m f m
N 14 5 9 21 19 6 15 7
29.5 31 332 37 34 35 36 40
Age (vears)
+6.5 +7.3 +6.0 +8.6 +8.4 +5.6 +8 +9.5
BMI (kg 2) 22.78 23.34 22.83 25.36 22.87 27.02 23.49 25.35
m
& +3.34 +3.14 +1.66 +3.15 +2.829 +4911 +3.279 +3.426
Duration of 0 0 15.0 12.6 0 0 12 14
DM (years) +6.8 +7.2 +7 +7.1
C-peptide 0.630 0.455 0.022 0.096 0.5595 0.9617 0.0793 0.075
(nmol/l) +0.181 +0.117 +0.059 +0.173 +0.1663 +0.4276 +0.1226 +0.1656
Glycaemia 4.32 4.38 7.66 9.17 4.27 5.0 8.48 7.76
(mmol/l) +0.30 +0.50 +3.54 +4.20 +0.68 +0.95 +2.83 +2.97
. 3.83 3.76 7.42 7.69 3.96 4.42 7.77 7.17
HbAlc (%) 4 49 +0.20 +1.97 +2.30 +0.31 +0.82 +1.81 123

DM1 — diabetes mellitus type 1, AT - autoimmune thyroiditis, f — female, m — male, BMI — body mass index, HbA1c — glycosylated

hemoglobin

diabetes and
autoimmune thyroiditis on the hormonal parameters

autoimmune pathogenesis of type 1

mentioned above.

Methods and Subjects

Ninety-six patients (57 women and 39 men)
participated in the study. Thirty suffered from diabetes
mellitus type 1 (DM1) (9 women, 21 men) without any
other autoimmune disease, 22 had DMI1 along with
chronic autoimmune thyroiditis (AT) (15 women, 7 men),
and 25 patients had only AT (19 women, 6 men). There
were 19 healthy controls (14 women, 5 men).
Characteristics of the patients, such as age, body mass
index (BMI), diabetes duration, C-peptide level and
current and long-term compensation data are shown in
Table 1. All patients with AT had positive autoantibodies
against microsomal fraction of the thyroid gland and/or
against thyreoglobulin and thyroiditis confirmed by
ultrasonography. All used substitution therapy by
thyroxine and were in euthyroidism. None of the patients
suffered from any serious disease (particularly
depression, epilepsy, renal insufficiency etc), which could
influence the course of the TRH test. This was confirmed
by medical history, clinical and laboratory examination.

Before entering the study written informed consent was

obtained after written and oral information. The study
protocol was approved by the Institutional Ethical
Committe.

TRH test

The TRH test was performed after an overnight
fast at 7 AM at the Clinical Research Unit of the Institute
of Endocrinology, Prague. The patients with DMI
applied the last dose of basal insulin in the evening before
the test. Breakfast prandial insulin was given with a meal
after the test. After obtaining the 0 min blood sample, 400
pg TRH i. v. was administered, followed by drawing
blood samples at 20, 60, 120, and 180 minutes. In 0 — 120
minutes, TSH, fT4, fT3, PRL and GH were measured, in
180 minutes only fT4 and fT3 were evaluated. Reverse
T3 was assessed in 0, 120 and 180 min. In addition, C-
HbAlc and basic biochemical
parameters to exclude other serious diseases were

peptide, glycaemia,
measured at time 0. Because of the known gender
differences in TRH-stimulated TSH response the data
were evaluated separately in men and women.

Analytical methods

Serum glucose concentration was determined by
enzymatic method with hexokinase (Integra 400 Plus,
Roche, measurement range 0.0—40.0 mmol/l, detection



2008

TRH Test in Patients with DM 1 and/or Autoimmune Thyroiditis S111

limit 0.033 mmol/l, intraassay 1.7 % cv, interassay 2.6 %
CV).

Growth hormone (analytical sensitivity 0,1
mlU/L, intraassay 1.5 % cv, interassay 14 % cv,
measurement range 0.1- 100 mIU/L) was measured by
immunoradiometric assay (IRMA, Immunotech, Prague,
Czech Republic).

C peptide, prolactin, fT4, fT3 and TSH were
determined by electrochemiluminescent immunoanalysis
(ECLIA) wusing Modular E170 Roche,

Mannheim, Germany.

Analytics

C peptide, analytical sensitivity 0.003 nmol/l,
intraassay 1.5 % cv, interassay 2. 3 % cv, measurement
range 0.003 — 13.3 nmol/l.

Prolactin, measurement range 0.070 — 470
ng/ml, intraassay 1.7 % cv, interassay 2.0 % cv,
analytical sensitivity 0.047 ng/ml.

Super sensitive TSH, measurement range 0.005-
100.0 mIU/l, intraassay 3 % cv, interassay 7.2 % cv,
analytical sensitivity 0.005 mIU/I.

Free T4, measurement range 0.300-100.0 pmol/l,
intraassay 2 % cv, interassay 4.8 % cv, analytical
sensitivity 0.300 pmol/l.

Free T3, measurement range 0.400-50.0 pmol/l,
intraassay 2 % cv, interassay 3.4 % cv, analytical
sensitivity 0.400 pmol/l.

Reverse T3 was determined with the aid of RIA
(125 1), Biocode Biotechnology, Belgium, analytical
sensitivity 0.5 ng/dl, intraassay 6.1 % cv, interassay 6.9
% cv, measurement range 0.5-300 ng/dl.

Statistical data analysis

The differences in the status of diabetes status
(DM1) and autoimmune thyroiditis status (AT) over time
were evaluated by Repeated measures ANOVA model
including the following factors: DM1 and AT as the
between-factors, Subject factor, Time as the within-factor
and all possible factor interactions. The interaction terms
indicated whether or not the shapes of the time profiles
differed according to DMI1 and/or AT or not. The
differences between subgroups were evaluated using least
The
statistical significance p<0.05 was chosen for both

significant  difference multiple comparisons.

ANOVA testing and multiple comparisons. Due to the
non-Gaussian data distribution in all dependent variables,
the data underwent power transformations to attain
distributional symmetry and a constant variance in the
data as well as in the residuals. The non-homogeneities
were detected residual The

using diagnostics.
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g. 1. Response of fT4.

experimental points with absolute values of Studentized
residual (after data transformation) greater than 3 were
excluded from the analysis. These excluded results were
less than 5 % of the total measured results.

Pearson correlation coefficients and partial
correlation coefficients were assessed. Area under curve
(AUC) was calculated for GH based on the values
measured during the TRH test.

Statistical software Statgraphics Plus v. 5.1 from
Manugistics (Rockville, MD, USA) and NCSS 2002 from
Number Cruncher Statistical Systems (Kaysville, UT,
USA) was used for the data analysis.

Results

Response of TSH

Statistical evaluation was performed separately
by gender and did not show any significant differences in
TSH responses between the different groups. The highest
levels of TSH were found in minute 20 after TRH
administration, followed by a slow decrease towards
baseline levels.

Response of fT4 and fT3

Results are shown in Figures 1, 2 and 4. There
was a significant difference in the response of fT4, fT3
and fT3 / fT4 ratio between the patient group with
isolated AT and other groups, where thyroid hormones
were increased in the 120th and 180th minute, while in
patients with isolated AT a comparable increase was not
observed. Groups of patients with isolated DM1, with
DMI1 and AT and controls did not exhibit any differences
with respect to one another.
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Fig. 2. Response of fT3.
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Fig. 3. Response of rT3.

Response of reverse T3

Results are shown in Figure 3. The response of
reverse T3 to TRH stimulus over time did not differ
between groups. In patients with isolated AT, rT3 values
were significantly higher (p<0.00002) and in the isolated
DM1 group rT3 values were lower with marginal
significance (p<0.02).

In the whole sample of patients and controls, rT3
showed significant negative correlation with the fT3/fT4
ratio at time zero (r — 0.5648, p< 0.001), at 120 min (r —
0.5161, p< 0.001) and at 180 min (r — 0.6280, p<0.001)
of the TRH test. Significant correlation between rT3 and
the fT3/fT4 ratio was demonstrated in patients with DM 1
(with and without AT): 0 min (r — 0.4780, p<0.01), 120
min (r — 0.4855, p<0.01), 180 min (r — 0.5518, p< 0.001).

Response of growth hormone

The results concerning the response of growth
hormone to TRH stimulus are shown in the Figure 5,
that patient with isolated DMI1

showing groups
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Fig. 5. Response of GH.

(p<0.0001) and isolated AT (p<0.007) differed
significantly from controls. When compared with healthy
controls, patients with DM1 had insignificantly lower
basal levels of GH and the peak at 20 min was followed
by a very slow decrease. GH levels had still not returned
to their basal values at the end of the testing period (120
min). Unlike patients with DM1, patients with AT had
insignificantly higher basal level of GH and the peak at
20 min was followed by a fast return to original values.
At 60 min GH levels were lower than the basal levels at
the beginning of the test.

A paradoxical response of GH to TRH (increase
of GH caused by TRH stimulus of more than 100 % at
min 20 of the TRH test) was present in 48.9 % patients
with DM1 (53.9 % of patients with isolated DM1 and
429 % of patients with DM1 + AT). This type of
response was observed in other patient groups as well but
was less frequent, specifically 25 % of healthy controls
and 37.5 % of patients with isolated AT. The difference
in the occurrence of this paradoxical response between
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patients with isolated DM1 and controls was statistically
significant (p<0.1).

The value of AUC GH in patients with isolated
DM did not correlate with either glycosylated Hb (r —
0.01, ns), nor with C-peptide levels (r — 0.1, ns). These
correlations remained insignificant even after removing
the effect of BMI.

Response of prolactin

No statistically significant differences were
found between groups studied in the response of
prolactin.

Discussion

The influence of some diseases (e.g. depression,
schizophrenia) on the hypothalamic- pituitary-thyroid
axis is well known and has been well documented. The
influence of diabetes on this axis is not clear, although a
number of works on this topic have been published.
Currently, the subject does not draw much attention,
despite the discovery of and a close clinical use of
analogue TRH.

The conclusions of studies on animals with
streptozocine-induced diabetes are relatively
unambiguous. It was shown that diabetes in rats leads to
damage in the hypothalamic- pituitary-thyroid axis on
Decreased content of TRH

hypothalamus along with a decreased concentration of

several levels. in the
TSH in serum (Gonzales et al. 1980), decreased secretion
of TRH from the hypothalamus (Rondeel et al. 1992),
lower release of TSH, lower release of TSH from cells in
the response to TRH stimulus, lower content of TSH in
anterior pituitary cells (Chamras and Hershman 1990)
and lowering of the thyroid response to TSH (Bagchi et
al. 1981) were observed in these animals. In addition,
the the
hypothalamus were observed using electron microscopy.

morphological changes in neurons of
They included changes in the accumulation of glycogen,
loss of organelles, irregularities in the nucleus indicating
serious cell damage (Bestetti and Rossi 1980). It is
hypothesized that the impairment of serotonin turnover in
the brain stem plays an important role in the reduced
function of the hypothalamic- pituitary -thyroid axis
(Henley and Bellush 1992).

Along with experimental animal studies, the
The

majority of the papers come from the 70’s and 80’s —

influence of diabetes was studied in humans.

years when the testing flourished. The results of these

studies, however, are quite ambiguous, describing
lowered (Naeije et al. 1978), normal (Leroith ef al. 1980,
MacFarlane et al. 1984, Morley et al. 1978, Harrower
1980) and increased (Andrade et al. 1977) TSH response
to the TRH stimulus. The variance can be explained by
very incoherent patient samples (diabetes was ill-defined
in terms of pathogenesis, onset and duration, age,
different metabolic control). In our work we emphasized
the homogeneity of our patient group: we chose patients
with autoimmune diabetes type 1, manifested in post-
adolescent middle age without accompanying diseases.

In the 1990’s two studies on the subject were
published. To evaluate the axis the authors did not use the
TRH test, but measured the night TSH peak instead
(Bartalena et al. 1993). They showed that in patients with
poorly compensated diabetes, the night TSH peak
decreases. After improved metabolic control the situation
normalizes. In a study on C-peptide-negative patients
with DM1 (Coiro et al. 1997), lowered TSH peak was
also demonstrated, but after achieving metabolic control
the night peak did not normalize. Since we were
interested in the influence of diabetes itself and not the
consequences of poor metabolic control or insufficient
functional reserves of the beta-cells, we chose DMI
patients with adequate metabolic control with clinically
insignificant values of C-peptide (< 0.09 nmol/l).

We observed the pituitary-thyroid axis after the
TRH stimulus on three levels: pituitary level by
monitoring TSH levels, thyroid level by monitoring the
response of free thyroid hormones, and peripheral level
by determination rT3 levels. Based on the previous dose-
response study of Snyder and Utiger (1972) we have
chosen the bolus 400 pg of TRH. The above-mentioned
authors demonstrated that TSH response was increased
with increasing dose of TRH and reached maximum at
400 pg.

Statistical analysis with the aid of the ANOVA
method showed that the TSH response to the TRH
stimulus did not differ in DM1 patients with or without
AT, or with isolated AT from the healthy controls. It
therefore appears that autoimmune genesis of DM1 and
its polyglandular form in patients with DM1 associated
with AT does not significantly influence TSH secretion.
It seems that the same conclusion can be made even for
isolated thyroid autoimmunity in euthyroid situation.

The response of thyroid hormones following
TRH stimulus was observed by monitoring the changes in
the fT4 and fT3 levels, which are considered as
hormonally efficient. Their response in patients with
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isolated DM1 did not differ from control subjects. In
patients with isolated AT in contrast to DM1 group, a
significant response of free thyroid hormones was not
present. We believe this lack of thyroid gland response
during the TRH test in patients with AT can be explained
by lowered functional capacity of the thyroid affected by
the autoimmune inflammation.

Under physiological conditions the total levels
of T3 in blood results from two sources: the thyroid gland
production, and conversion of T4 to T3 mostly in liver
(deiodase 1). The question is whether in our patients with
lowered endogenous production of T3 in the thyroid as a
consequence of AT, a compensatory increase in
peripheral conversion occurred such that the fT3/fT4 ratio
in patients with AT on thyroxine substitution therapy was
comparable with controls or diabetic patients without AT.
However, the significantly lower ratio of fT3/fT4 which
was observed in patients with AT does not point towards
increased peripheral conversion. A tendency towards
higher levels of fT4 in patients with AT on substitution
therapy with thyroxine could be adjusted by conversion
to rT3 (deiodase 3), as suggested by significantly higher
basal levels of T3 (p<0.00002) in patients with AT.

Judging from the invariable values of rT3 during
the TRH test in all patient groups, it appears there is a
minimal or no influence of TRH on the peripheral
conversion of T4 to rT3 or on the activity of deiodases 3
effecting this conversion in healthy subjects, as well as
patients with thyroid autoimmunity or autoimmune
diabetes.

At 60 min during the TRH test an increase in the
fT3/fT4 ratio which peaked at 120 min, followed by a
slow decrease, was observed in C and groups without
AT. It can be assumed that besides the increased
production of T3 by the thyroid, the increase in the
fT3/fT4 ratio during the second half of the test is
primarily due to by increased peripheral conversion of
T4, the production of which in the thyroid isl5-fold
higher than that of T3. (Visser 2002). In patients with
AT, the ratio fT3/fT4 during the TRH test remained
unchanged. This is not surprising as the situation
following TRH stimulus in AT patients characterized by
the lack of thyroid hormone secretion response does not
differ from the basal conditions prior to the TRH
stimulus.

It has been repeatedly described in literature
(e.g. Kabadi 1986, Radetti et al. 1985) that patients with
poorly compensated DM show decreased the activity of
deiodases 1, followed by the appearance of low T3

syndrome, and the activity of deiodase 3 is increased
followed by increased levels of rT3. We observed some
of these relationships in our subjects as well. In our well-
compensated patients with DM1, T3 levels were lower at
the margin of significance (p<0.02) and the levels of fT3
and the fT3/fT4 ratio did not differ from control levels. In
patients with isolated DM1 and in association with AT
we showed a significantly negative correlation between
rT3 levels and the fT3/fT4 ratio.

The results of studies following the response of
the growth hormone on TRH stimulus in patients with
DM are ambiguous. Basal levels of GH are described as
being in the normal range in diabetes patients (Blickle et
al. 1982, Giampetro et al. 1990) or increased (Pan et al.
1989). The majority of authors agree with one another
that in a portion or in the majority of patients with DM1
an increased response of GH to TRH is present (Harrower
1980, Ceda et al. 1981, Barbarino ef al. 1992, Blickle et
al. 1982, Ceda et al. 1982, Dasmahapatra et al. 1981,
Krassowski et al. 1984, Pan et al. 1989, Vanelli et al.
1986, Sagese et al. 1992). Some authors describe the so-
called paradoxical response of GH, i. e. the increase in
GH by 100 % with respect to basal levels before 30 min
of the TRH test in some DM patients.

The majority of these works followed the
response of GH to TRH only in patients with DM1
(Blickle et al. 1982, Barbarino et al. 1992, Ceda et al.
1982, Sagese et al. 1992). In two studies the response of
GH to TRH was compared in patients with diabetes type
1 and 2. In DMI1 patients an increased response was
observed, while in patients with diabetes type 2, no such
increased response was observed (Pan et al. 1989,
Krassowski ef al. 1984).

The question remains as to which factors
influence the increased GH response to TRH in some
diabetes patients. A positive correlation exists between
basal values of GH and the GH peak after TRH
administration (Ceda et al. 1982, Dasmahapatra et al.
1981) and a negative correlation between age and the
peak level (Pan ef al. 1989, Ceda ef al. 1982). The effect
of diabetes compensation is crucial to influencing the GH
response according to some authors and in patients with
good glycemic control the GH response to TRH is normal
(Giampetro et al. 1990). In the majority of works,
however, the values of glyceamia and glycosylated Hb
before the examination does not have any influence on
the GH to TRH (Ceda et al 1982,
Dasmahapatra et al. 1981, Krassowski et al. 1984,
Vanelli ef al. 1986, Sagese et al. 1992). Wiirzburger et al.

response
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(1990) found that the portion of patients with increased
GH reponse to TRH is C-peptide negative, while in
patients with remaining residual activity of the beta cells
GH does not increase after TRH stimulus.

Fewer works discussed the GH response to TRH
in patients with thyroid disease. In experiments on rats
increased GH response to TRH in animals with
hypothyreosis and a lowered response in animals with
hyperthyreosis were observed (Chihara et al. 1976). In
agreement with this observation is the increased GH
response to TRH stimulus in patients with primary
hypothyreosis (Hamada et al. 1976, Hanew et al. 1995,
Baldini et al. 1992). In a study (Faggiano et al. 1985) the
response of GH to TRH did not completely normalize
even after euthyrosis was achieved by substitution
therapy. The authors therefore conluded that the
regulation of GH secretion was impaired in patients with
Another that
insufficient regulation by the
hypersecretion of GH in primary hypothyreosis (Baldini

primary hypothyreosis. study argues

somatostatin causes

et al. 1992). It is necessary to note, that the above-
mentioned studies originated at the beginning of 1970
and 1990, respectively, when routine methods for
thyroidal autoimmunity were not yet available.

In our study we observed the so-called
paradoxical GH response to TRH in nearly half of the
patients with DM1, which agrees with literature. The
paradoxical response occurred in 37.5 % of patients with
isolated AT and, in contrast to the literature, in 25 % of
healthy controls. It cannot therefore be stated that the
paradoxical response is specific for patients with DM1,
although it is more frequent in this group. This findings
may should be taken in acount by endocrinologists
dealing with acromegalic patients with concomitant DM.
The paradoxical response of GH to TRH stimulation may
be caused by diabetes and not by relapse of acromegaly
(Jarkovska et al. 2006).

The main characteristic of the GH response to

TRH stimulus in patients with diabetes in comparison to
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In agreement with previous works (Leroith et al.
1980, Morley et al. 1978) we did not find a difference in
the response of prolactin to TSH in patients suffering
from diabetes or autoimmune thyroiditis.

In conclusion we could say that results we
gained in well-defined groups of patients suffering from
autoimmune type 1 diabetes and autoimmune thyroiditis
revealed that: a) the major finding in patients with DM1
were the differences in TRH-stimulated GH response
while significant impairment of pituitary-thyroid axis and
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characteristic in spite of preserved TRH-stimulated TSH
secretion. The GH response in AT patients was also
altered.
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