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Summary. We investigated whether subclinical hyper-
thyroidism [subnormal basal thyroid-stimulating hormone
(TSH) level, attenuated TSH response to thyrotropin-
releasing hormone (TRH) stimulation, peripheral thy-
roid hormones within normal range] is accompanied by
physical and mental changes. Thirty-five subclinically
hyperthyroid patients (27 female, 8 male) were com-
pared with 60 overtly hyperthyroid patients (51 female,
9 male) and with 28 euthyroid control patients (18 fe-
male, 10 male) with respect to physical symptoms, affec-
tive state, short-term memory, ability to concentrate and
psychomotor performance. Patients with subclinical hy-
perthyroidism ranged between the other two groups.
The major difference between controls and subclinically
hyperthyroid patients was an increase in frequency of
nervous symptoms and symptoms due to an increase of
metabolic rate and thermal regulation changes. The major
differences between subclinically hyperthyroid and overtly
hyperthyroid patients were psychomotor impairment and
symptoms of increased metabolic rate. Self-ratings of af-
fective state tended to be similar in patients with subclin-
ical and overt hyperthyroidism. The ability to concen-
trate and short-term memory were not impaired in any
group. Symptoms in patients with subclinical hyperthy-
roidism probably result from central changes which lead
to attenuated TSH responses to TRH, or from elevated
but still normal thyroxine levels, which possibly enhance
the effect of catecholamines.
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Introduction

A large number of studies have reported that the thyro-
tropin-releasing hormone (TRH)-induced thyroid-stim-
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ulating hormone (TSH) response is attenuated in about
25% of depressed patients (Loosen 1987). Blunted re-
sponses are probably not specific to depression. They
have also been found in 50% of patients undergoing
acute alcohol withdrawal (Loosen et al. 1979), during
prolonged abstinence (Loosen et al. 1983), and in pa-
tients with borderline personality disorders (Garbutt et
al. 1983). They obviously do not occur in patients suffer-
ing from schizophrenia (Loosen 1987). The mental states
with TSH blunting have in common profound affective
disturbances. No endocrinological explanation has yet
been found.

Attenuated TSH responses to TRH stimulation typi-
cally occur in patients with overt hyperthyroidism [basal
TSH levels below the normal range, attenuated TSH re-
sponses to stimulation with TRH, serum levels of tri-
iodothyronine (Ts) and/or thyroxine (T4) above the nor-
mal range]. In these patients, highly elevated levels of T,
and/or T4 lead to a diminished secretion of TSH from the
pituitary via negative feedback loops (Reichlin 1978).
Patients frequently suffer from a number of physical and
affective symtoms, while cognitive and behavioural dis-
orders may occur as well (Hall 1983; Whybrow 1985).
The reported prevalence of psychiatric syndromes among
hyperthyroid patients ranges from 1% to 20% (Hall
1983).

The diagnosis of thyroid disorders has increasingly
become a laboratory diagnosis (Kaumeier 1987). Within
this realm, attention has been drawn to patients who
exhibit normal levels of peripheral thyroid hormones,
while baseline TSH levels are subnormal and TSH re-
sponses to TRH stimulation are blunted. This hormonal
constellation has been called “subclinical or “preclinical”
hyperthyroidism in English-speaking countries and “la-
tent” hyperthyroidism in German medicine. It resembles
the endocrine state which is considered a marker for en-
dogenous depression. Miirtz and Usadel (1986) reported
285 patients with subclinical hyperthyroidism among
44,770 inpatients and 11,500 outpatients (0.51%) of a
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large hospital in Mannheim (Upper Rhine Valley), while
Bottermann et al. (1989) found 4.58% of inpatients to be
subclinically hyperthyroid in a large Munich hospital.
The difference in prevalence rates may be due to higher
cut-off levels in the latter study and a higher prevalence
rate of goitre in Bavaria (Pfannenstiel 1985), since treat-
ment of goitre with T4 may produce subclinical hyper-
thyroidism. Screening of 6,884 workers at a large chemi-
cal plant in the Upper Rhine Valley revealed that 228
workers had basal TSH levels above 0.21 mU/1 (3.31%).
Further investigations showed that more than one-third
took thyroid hormones, and some individuals suffered
from a severe chronic disorder (Schlote et al., in prepa-
ration).

Previous experience suggests that patients with sub-
clinical hyperthyroidism exhibit physical and mental
symptoms (Rockel 1987; Rockel et al. 1987). Thus not
only thyroid hormones have to be held responsible for
the development of symptoms but also a dysfunction of
the hypothalamus-pituitary axis. The present study at-
tempts to prove this assumption by systematically inves-
tigating physical and mental symptoms in three groups of
subjects: patients with overt hyperthyroidism, patients
with subclinical hyperthyroidism, and euthyroid controls.

Materials and Methods

All the participants of the study were either inpatients admitted to
the “Klinikum Mannheim” between September 1987 and Sep-
tember 1989 or outpatients treated there during the same period.
The thyroid hormone status was determined in patients who came
to the hospital with symptoms of unknown origin (e.g, gastrointes-
tinal or cardiovascular symptoms, loss of hair, weight loss, tremor,
sweating) and/or if they possibly had to undergo surgical treat-
ment. The groups were defined as follows:

Overt hyperthyroidism: Basal TSH level <0.2mU/]; TSH response
to TRH stimulation (200 pg, i.v.) <2.5mU/l; T;>2.0 pg/l and/or
T, > 130 pg/l; thyroxine-binding giobulin (TBG) 15-30 mg/1.

Subclinical hyperthyroidism: Basal TSH level <0.2mU/l; TSH re-
sponse to TRH <2.5mU/; Ts <2.0pg/l and > 0.6 pg/l; Ta> 45 ugfl
and < 130 pg/l; TBG 15-30 mg/1.

Euthyroidism: Basal TSH level >0.2mU/l and < 3.5mU/l; TSH
resposne to TRH>2.5mU/l and <25mU/l; T5>0.6pg/l and
<2.0pg/l; T,>45 pg/l and <130 ug/l; TBG 15-30 mg/l.

TSH was determined using the Enzymun-Test TSH (Boehtin-
ger, Mannheim, FRG); T; and T, determinations were performed
using the Enzymun-Test T3 and the Enzymun-Test T4 (Boehrin-
ger). For TBG determinations we used the TBG-RIA (Henning,
Berlin, FRG). For differential diagnosis of overt hyperthyroidism,
microsomal and thyreoglobulin antibody determinations were in-
cluded (ELISA: Elias Miiller, Freiburg, FRG). Microsomal and
thyroglobulin autoantibody concentrations above 400 units/ml
were considered positive. Antibodies against the TSH receptor
(TRAK) were determined semit-quantitatively by the radioligand
assay of Henning (Berlin). Value above 10 units/ml were taken to
be positive.

Medical records were checked. Patients were excluded from
the study if they had a psychiatric history or a disease which could
alter either thyroid hormone levels or their mental state or if they
took medication known to have similar effects. Patients were also
excluded if treatment of the thyroid disorder — which often in-

volves giving B-blocking agents ~ had already started more than 2
days previously.

Within the study period of 25 months, 88 of 11,732 patients
(0.77%) were given a diagnosis of subclinical hyperthyroidism as
one of their first five diagnoses. Thirty-five patients with subclini-
cal hyperthyroidism (27 female, 8 male; average 56.6 years, range
37-79) were eligible for the study. Their diagnoses at admission
were goitre and/or cardiovascular and gastro-intestinal disorders,
non-insulin-dependent diabetes and, in a few cases, mild forms of
degenerative bone disorders. (The patients who were not included
in the study most often suffered from a consumptive or neurologi-
cal disease, took medication which influences thyroid hormone
levels, mood or alertness, and/or were unable to undergo psycho-
logical testing — even when visited at the bedside — due to consid-
erable physical and mental impairment. Often they were very old.)
Within the same time-span 60 patients with overt hyperthyroidism
(51 female, 9 male; average age 58.2 years, range 21-84) were
found. Their diagnoses at admission were hyperthyroidism and the
same types of disorders as in subclinically hyperthyroid patients.
Female patients were more numerous among patients with subclin-
ical as well as among those with overt hyperthyroidism. The pre-
dominance of female patients among subclinically and overtly
hyperthyroid patients seems to be characteristic of this kind of dis-
order (e.g. Bommer et al. 1990; Kaumeier 1987; Kriiskemper and
Kriiskemper 1970; Perrild et al. 1986). Overt hyperthyroidism was
due to Graves’ disease in 50% of cases, to autonomous adenoma
in 45.8% of cases, to iodine excess and hyperthyreosis factitia in
2.1% each. Non-autoimmune thyroid disorders occurred in 57.1%
of cases with subclinical hyperthyroidism. An autoimmune process
was present in 4.8% of this group. We found 28 euthyroid controls
(18 female 10 male; average age 53.5 years, range 22—88) who had
been admitted for treatment of disorders similar to those listed for
the two other groups, except for 2 patients who came for clarifica-
tion of symptoms of unknown origin (recurrent fever; erythema).
None of the controls had a thyroid disorder. We were unable to
match controls for sex, because it proved to be impossible to find
enough female patients between 40 and 70 years of age who only
suffered from cardiovascular or gastrointestinal disorders, and
who were willing to answer a number of questionnaires.

All the patients underwent a standardized battery of medical
and psychological tests. We tested for physical and mental changes
suspected to occur in subclinical hyperthyroidism and reported to
be frequently present in overtly hyperthyroid patients (Artunkal
and Togrol 1964; Heinik 1986; Kathol et al. 1986; Kriiskemper and
Kriiskemper 1970; Vinson and Robbins 1960; Wallace et al. 1980;
Whybrow et al. 1969; Zeitlhofer et al. 1984). As far as possible, in-
struments had to correspond to those used by Rockel et al. (1987).
They had to be suitable for repeated application (results will be
published elsewhere) and must not overburden the elderly. Physi-
cal and psychological investigation procedures comprised:

1. A standardized check-up for hyperthyroid symptoms and signs
developed by Crooks et al. (1959), translated into German, and
modified by Kaumeier (1987).

2. A complaint questionnaire (Giefener Beschwerdebogen; Brih-
ler 1978) which asks subjects to evaluate their degree of impair-
ment by various physical symptoms.

3. A depression scale (Depressivititsskala DS’: von Zerssen 1976)
for self-evaluation of affective state.

4, Two visual analogue scales for self-evaluation of irritability and
touchiness;

5. The German version of the State-Trait-Anxiety Inventory by
Spielberger (Laux et al. 1981);

6. Number repetition, a subtest of the Hamburg-Wechsler Intelli-
gence Scale designed to test short-term memory (Wechsler 1982);
7. An attention-concentration test (Aufmerksamkeits-Belastungs-
test d2; Brickenkamp 1978) which comprises visual discrimination
tasks similar to those of the Tolouse-Pieron Concentration Atten-
tion Test of Szeleky (1966; cf. Alvarez et al. 1983).

8. Two psychomotor tests (Psychomotorische Leistungsserie nach
Schoppe; Hamster 1980): a steadiness test (diameter of the open-



ing: 4.8 mm) was used to evaluate objectively the tremor of the left
and right hand. A track tracing task was used to test the precision
of arm-hand coordination.

Patients over 60 years of age did not do the attention-concen-
tration test because many of them suffered from considerable pres-
byopia. They performed an easier form of the steadiness test (di-
ameter of the opening 5.8 mm) and modified versions of the com-
plaint questionnaire, the depression scale, and the state-trait-anxi-
ety inventory. The format of these tests had been altered to meet
the needs of the elderly (McDonald unpublished work).

Group comparisons were made by means of the Wilcoxon rank
sum test, because the premises for the performance of ANOVA
were not fulfilled: there was no interval scale level for some tests;
random samplings of controls, overtly and subclinically hyper-
thyroid patients probably did not derive from a population with
the same variance (cf. Kaumeier 1987). Norms (standard score, T-
score) were used for statistical calculations to exclude effects of
age and sex as far as possible. Since the average age of the groups
differed and since some test results showed a low but significant re-

Table 1. Hormone levels in patients with overt and subclinical hy-
perthyroidism and in euthyroid controls

Overt Subclinical ~ Euthyroid Overt
hyperthy- hyperthy- controls hyperthy-
roidism roidism roidism
n=>53 n=734 n=15 n=>53
Basal TSH 0.06 0.07 < #%* .51 > #%* 0.06
Delta TSH 0.12 0.43 < ** 6.50 > ** 0.12
T; 3A1>#¥* 13 1.2 <cox# 3.1
T, 177.4 > #%% 867 >* 78.9 < *k 177.4
TBG 23.5 21.8 23.2 23.5
T4TBG 8.8 > ##* 41 > 37 <k 8.8

Wilcoxon scores (rank sums)
* P<0.05; ** P<0.01; *** P<0.001
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lation to age, the age effect was partialled out. Statistical between-
group comparisons of these test results were carried out with re-
sidual values. (This method was used because no non-parametric
procedure was available). Correlations between hormonal vari-
ables and test results were calculated by means of Kendall’s tau.

Results

For several reasons it was impossible to base statistical
treatment of test results on the total number of patients
who participated in the study. We usually heard of possi-
bly eligible patients from reports of thyroid hormone
levels. Since we had to find out about exclusion criteria
first and since patients were often difficult to interview at
once (because of other physical examinations, visits to
the patient, temporary discharge etc.), the time-lag be-
tween collection of serum and the application of tests
sometimes exceeded 2 days and hormonal data were dis-
carded. It was very difficult to have a specialist do another
check-up following Crooks’ criteria within the short time-
span between tests and the beginning of treatment which
influences Crooks’ index and/or discharge from the hos-
pital. Psychomotor tests or the attention-concentration
test were not carried out if patients were strictly confined
to bed or suffered from severe eye trouble (presbyopia,
exophthalmos); sometimes paper-and-pencil tests were
not filled out correctly (ambiguous checks of alternative
answers, lack of answers).

Average Hormone Concentrations (Table 1)

Basal TSH levels and the TSH response to TRH did not
differ between patients with subclinical and overt hyper-
thyroidism but were significantly lower than in euthyroid

Table 2. Total modified Crooks’ index, total
score of weighted signs and weighted
symptoms of hyperthyroidism, and preva-
lence of selected symptoms and signs in
patients with overt and subclinical hyper-

thyroidism, and in euthyroid controls

Overt Subclinical Euthyroid Overt
hyper- hyper- controls hyper-
thyroidism thyroidism thyroidism
n=28 n=12 n=13 n=28
Total Crooks’ index 12.1>* 6.0 > ** —4.6 < F¥% 12.1
Weighted symptom score 7.0 4.6>%* —3.3 << HEH 7.0
Weighted score of signs 4.6>* 1.4> —1.3 < *** 4.6
Symptoms:
Palpitations 66 50 >** 0 <= 66
Weight decrease 66 > 42 > 15 < ** 66
Dyspnoea on effort 62 >* 25 15 <* 62
Preference for cold 59 42 >* 8 < ** 59
Excessive sweating 55 58 >* 15 < 55
Appetite increase 10 <* 3 > 8 10
Signs:
Palpable thyroid 86 75 >* 27 < HE 86
Fine finger tremor 76 > 50 >* 15 ik 76
Hyperkinetic movement 38 17 0 <** 38
Systolic blood pressure 135 130 > 120 <* 135
Diastolic blood pressure 76 80 74 76
Pulse rate 89 79 74 89

Wilcoxon scores (rank sums):

* P<<0.05; ** P<0.01; *** P<0.001
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Table 3. Psychomotor test results of patients
with overt and subclinical hyperthyroidism
and of euthyroid controls: number of errors,
duration of errors in seconds X 10

Overt Subclinical Euthyroid Overt

hyper- hyper- controls hyper-

thyroidism thyroidism thyroidism
Steadiness (< 61 years) n=22 n=21 n=15 n=22
Number of errors, rh 45> * 35 10 < ¥ 45
Duration of errors, rh 40 > * 18 12 40
Number of errors, 1h 55> % 26 > 12 < 4 55
Duration of errors, 1h 38 > * 16 > ** 6 < kEx 38
Track tracing n=36 n=25 n=19 n=36
Number of errors, rh 36 29 25 < * 36
Duration of errors, rh 48 32 28 48
Number of errors, 1h 37 36 30 37
Duration of errors, lh 50 45 35 < * 50

Wilcoxon scores (rank sums):
* P<0.05; ** P<0.01; *** P<0.001
th, right hand; 1h, left hand

controls (P<0.01). Patients with subclinical hyperthy-
roidism had significantly higher T levels (P < 0.05) than
euthyroid controls — though still within the normal range.
A similar trend was found for the TJ/TBG ratio. Ts levels
did not differ between subclinically hyperthyroid and
euthyroid patients, but they were significantly higher in
overtly hyperthyroid patients than in the other two groups
(P <0.001).

Signs and Symptoms of Hyperthyroidism
(Crooks’ index; Table 2)

Patients with subclinical hyperthyroidism differed from
euthyroid controls with respect to palpitations (P < 0.01),
weight loss (trend), preference for cold, excessive sweat-
ing (both P<0.05) and increase in appetite (trend).
More often a palpable thyroid, fine finger tremor (both
P<0.05) and a higher systolic blood pressure (trend)
were found in patients with subclinical hyperthyroidism
than in controls. Differences between patients with sub-
clinical and overt hyperthyroidism became a trend or
were statistically significant with respect to dyspnoea on
effort, weight loss, increase in appetite (less in overtly
hyperthyroid patients) and fine finger tremor. In patients
with subclinical as well as with overt hyperthyroidism
several signs and symptoms were confirmed in more
than 50% of patients: palpitations, excessive sweating,
palpable thyroid and fine finger tremor. There was no
elevated frequency of signs or symtpoms of hyperthy-
roidism in euthyroid patients.

The sum of weighted signs and symptoms of hyper-
thyroidism gradually increased from euthyroid controls
to subclinically hyperthyroid and, finally, overtly hypez-
thyroid patients. Group differences between patients
with subclinical hyperthyroidism and euthyroid controls
were significant at the 1% level for the total Crooks’
index (Table 2). Individuals with subclinical hyperthy-
roidism exhibited a significantly lower score for weight-
ed signs than patients with overt hyperthyroidism (P<
0.05) and tended to have a higher score than euthyroid
controls. The difference in the weighted symptom score

only reached significance between patients with subclini-
cal hyperthyroidism and controls (P <0.05).

The complaint questionnaire (Giefener Beschwerde-
bogen) revealed that patients with subclinical hyperthy-
roidism tended to feel more annoyed by symptoms of ex-
haustion (67th percentile) and by heart symptoms (73rd
percentile) than control patients (52nd and 63rd percen-
tiles). The results of the subclinically hyperthyroid group
were similar to those of patients with overt hyperthy-
roidism (exhaustion: 68th percentile; heart complaints:
75th percentile). Patients with subclinical hyperthyroidism
suffered significantly more (P < 0.05) than euthyroid pa-
tients from heat sensitivity (1.3 versus 0.6 on a five-point
scale ranging from 0 = “not at all” to 4 = “very much”),
tremor (1.0 versus 0.3), sweating (1.6 versus 0.7) and
from having to cry (1.5 versus 0.8). Patients with overt
hyperthyroidism differed from subclinically hyperthy-
roid patients only by suffering more from weight loss
(P <0.05).

Psychomotor Performance (Table 3)

Steadiness test results have only been calculated for pa-
tients below 61 years of age. Since no norms are avail-
able for the standard opening (4.8 mm) of the test, re-
sults have to be tentatively compared with data gathered
from 200 inpatients on internal medicine and dermatolo-
gy wards who did not exhibit neurological symptoms.
They were tested with the next opening size, 5.8 mm
(Sturm and Biissing 1985): i.e. an easier task. In patients
with overt hyperthyroidism, subclinical hyperthyroidism
and in euthyroid controls performances corresponded to
the following percentiles: number of errors with the right
hand 4.5, 6.7 and 46 (raw scores: 45, 35, 10 errors); du-
ration of errors with the right hand 3.5, 5.5 and 15.9 (raw
scores: 40, 18, 12); number of errors with the left hand
2.3, 13.6 and 34.4 (raw scores: 55, 26, 12 errors); dura-
tion of errors with the left hand 0.6, 9.7 and 30.9 (raw
scores: 38, 16, 6). The number and duration of errors
tended to be higher in patients with subclinical hyper-
thyroidism than in controls if the test was performed
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Table 4. Psychometric results of patients Overt Subclinical Euthyroid Overt
with overt and subclinical hyperthyroidism hyper- hyper- controls hyper-
and of euthyroid controls thyroidism thyroidism thyroidism
n=>52 n=31 n=27 n=>52
Self-ratings of affective state:
Depression (TS) 58.5 60.4 > 57.0< 58.5
Touchiness (RS) 6.7 75>% 43 < 6.7
Irritability (RS) 8.4 8.2>* 5.90<* 8.4
State anxiety (RS) 44.5 44 .4 41.5 44.5
Trait anxiety (TS) 48.5 56.7>* 50.1 48.5
Concentration test:
Percent of errors 13.6 10.4 11.7 13.6
Ability to concetrate (ZS) 96.1 98.7 99.0 96.1
Number repetition:
Forward (RS) 6.3 6.0 6.2 6.3
Backward (RS) 3.9 4.1 4.3 3.9

Wilcoxon scores (rank sums):
* P<0.05; ** P<0.01; *** P<0.001
TS, T score; RS, raw score; ZS, Z score

with the left hand (P <0.10, P < 0.05 respectively). The
overtly hyperthyroid group exhibited a significantly higher
(P < 0.05) number and duration of errors for both hands
than the two other groups.

The track tracing task did not reveal significant in-
creases in arm-hand coordination errors either between
controls and patients with subclinical hyperthyroidism or
between patients with subclinical and overt hyperthy-
roidism, though there was a slight increase in errors
made by controls as compared with overtly hyperthyroid
patients. Achievements of patients with overt hyperthy-
roidism, subclinical hyperthyroidism and euthyroid con-
trols corresponded to the following percentiles when
compared with internal medicine and dermatology inpa-
tients, who were tested with the same task (Sturm and
Biissing 1985): 38.2, 54 and 65.5 (raw scores: 36, 29, 25)
for number of errors with the right hand; 5.5, 21.2 and
30.9 (raw scores: 48, 32, 28) for the duration of errors
with the right hand; 65.5, 65.5, and 84.1 (raw scores: 37,
36, 30) for number of errors with the left hand, 9.7, 15.9
and 34.5 (raw scores: 50, 45, 35) for durtion of errors
with the left hand.

Self-ratings of Emotional Well-being (Table 4)

Subclinically and overtly hyperthyroid patients achieved
similar scores on the depression scale (T-scores: 60.4 and
58.5) and tended to describe themselves as more de-
pressed than euthyroid controls (T-score: 52.0) State-anxi-
ety scores did not differ between groups: 44.5 in patients
with overt hyperthyroidism, 44.4 in patients with sub-
clinical hyperthyroidism and 41.5 in euthyroid controls.
Scores of all three groups ranged within one standard de-
viation of average scores obtained in a representative
sample of 696 women aged 55-75 years (mean: 37.66,
SD 10.14: cf. McDonald and Suchy in Laux et al. 1981).
Self-ratings of touchiness on the visual analogue scale
were 6.7 for overtly hyperthyroid patients, 7.5 for sub-

clinically hyperthyroid patients and 4.3 for euthyroid
controls. Ratings of irritability were 8.4, 8.2 and 5.9, re-
spectively. Patients with overt hyperthyroidism, subclini-
cal hyperthyroidism and euthyroid controls had trait-
anxiety scores (T-scores) of 48.5, 56.7 and 50.1. Self-rat-
ings of trait-anxiety, touchiness and irritability were sig-
nificantly higher in patients with subclinical hyperthy-
roidism than among euthyroid controls (P < 0.05) and
did not differ significantly between overtly hyperthyroid
patients and subclinically hyperthyroid patients.

Concentration

The results of the attention-concentration test were nor-
mal in all three groups. Patients with overt hyperthy-
roidism, subclinical hyperthyroidism and euthyroid con-
trols achieved normal Z scores with respect to the num-
ber of signs checked within the given time-span (99.4,
99.6 and 101.5) and their ability to concentrate (96.1,
98.7 and 99.0). The percentage of errors was 13.6, 10.4
and 11.7, respectively. None of the differences between
groups reached significance.

Number Repetition

Group averages for number repetition were 6.3 for pa-
tients with overt hyperthyroidism, 6.0 for patients with
subclinical hyperthyroidism and 6.2 for euthyroid con-.
trols. Group averages for number repetition in revers
order were 3.9, 4.1 and 4.3, respectively. Differences be-
tween groups were not significant. Tables by Wechsler
(1982) indicate that the totals of numbers repeated for-
ward and backward (10.2., 10.1 and 10.5) are within the
normal range.

Correlative Relationships Between Hormonal Variables

Basal TSH levels correlated significantly with delta TSH
levels (0.70; P<0.001) and with T, (—0.31; P <0.01).
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The TSH responses to TRH exhibited significant inverse
relationships with T5 (—0.42; P<0.001), T, (—-0.37; P<
0.001) and T4TBG (—0.33; P<0.01).

Correlative Relationships Between Hormonal Data
and Questionnaire Results

Basal TSH levels correlated negatively with the weighted
score of signs of hyperthyroidism (—0.38; P < 0.01) and
with the total modified Crooks’ index (—0.33; P <0.01).
Delta TSH levels were inversely related to the weighted
score of signs of hyperthyroidism (—0.39; P <0.05), the
weighted score of symptoms of hyperthyroidism (—0.33;
P <0.05), the total Crooks’ index (—0.37; P<0.05) the
average duration of errors (right hand) on the track trac-
ing task (—0.32; P<0.01), the average duration of er-
rors (left hand) on the steadiness task (—0.41; P <0.05)
and the number of errors (left hand) on the steadiness
task (—0.39; P<0.05), the percentage of errors in the
concentration test (—0.44; P < 0.01), and the fluctuation
of ability to concentrate (—0.38; P <0.05). T, levels ex-
hibited significant positive relationships with the weighted
score of signs of hyperthyroidism (0.39; P <0.001), the
total Crooks’ index (0.46; P <0.001), the number of er-
rors in the steadiness test (patients 61 years: right hand
0.32; P<0.01 / left hand 0.33; P<0.01) and the dura-
tion of errors in the steadiness test (patients <61 years:
0.34; P<0.001). T levels correlated significantly with
the number of signs (0.39; P<0.001) and symptoms
(0.34; P<0.001) of hyperthyroidism and the total Crooks’
index (0.40; P < 0.001) only. We have not reported sig-
nificant correlation coefficients below r = |0.3], because
the explained variance would be below 10%.

Discussion

Patients with subclinical hyperthyroidism can be placed
between euthyroid and overtly hyperthyroid patients
with respect to their physical and mental state. Our re-
sults compare well with those of Rockel et al. (1987),
who found that subclinical hyperthyroidism seems to be
accompanied mainly by symptoms in areas which are
centrally controlled, such as thermal regulation, or auto-
nomously controlled via catecholamines, such as palpi-
tations and tremor. Overtly hyperthyroid patients exhi-
bited a considerable increase in symptoms in both areas.
In contrast to the much younger patients studied by Roc-
kel et al. (average age of groups between 37.5 and 38.2
years) our older patients with subclinical hyperthyroidism
exhibited some changes in metabolic rate. In our older
patients with overt hyperthyroidism we observed a shift
in symptomatology from an increase in appetite to a de-
crease in appetite, while the frequency of weight loss
increased — a phenomenon which seems to be particu-
larly pronounced after the fifth decade of life (Nordyke
et al. 1988). Results of self-rating scales were similar in
subclinically hyperthyroid patients studied by Rockel et
al. (1987) and in our older subclinically hyperthyroid
group: state-anxiety raw score, 45.1; depression T-score,
58.5 (calculated from raw scores); self-ratings of touchi-

ness (Multidimensional Scale of Well-being of Janke and
Debus 1978) were elevated. In contrast to our overtly
hyperthyroid patients, the young group of patients with
overt hyperthyroidism examined by Rockel et al. pre-
sented self-ratings of state-anxiety (raw score 53.8) and
depression beyond the normal range (T-score: 63.2, cal-
culated from reported raw scores).

Hormonal differences between groups may account
for the presence of symptoms in subclinically hyperthy-
roid patients. To our knowledge, there have been no re-
ports of direct mental or physical effects of a lack of
TSH. Hypersecretion of TRH, however, may lead to a
decrease of TSH due to a reduction of sensitivity of
TSH-secreting cells (Ahuja et al. 1980). TRH is known
to have an activating effect on the central nervous sys-
tem, and it may even produce some hyperthyroid symp-
toms, as shown in animal studies (Breese et al. 1981;
Prange and Utiger 1981). Elevated normal T, concentra-
tions may play a crucial role in the development of symp-
toms. Rockel et al. (1987) assumed that down-regulation
of TSH and a higher sensitivity of the organism to thy-
roid hormones may occur if peripheral thyroid hormone
concentrations are elevated but still within the normal
range (i.e. they are too high in a given individual). Féldes
et al. (1986) reported that subclinically hyperthyroid pa-
tients who exhibited clinical signs and symptoms had sig-
nificantly higher, though still normal, T; and T, levels than
subclinically hyperthyroid patients without symptoms.
Thyroid hormones have been found to produce alter-
ations in feeling tone. Ty levels, in particular, showed a
strong association with MMPI-(Minnesota Multiphasic
Personality Inventory) pathology (Wallace et al. 1980),
Sickness Impact Profile scores (Rockey and Griep 1980),
poorer performance in tasks requiring concentration and
memory (Wallace et al. 1980), the EEG variables B, B4
and the psychological variables depression, paranoia,
time estimation and anxiety (Zeitlhofer et al. 1984). Be-
sides some direct effect of peripheral thyroid hormones,
sympathomimetic symptoms in patients with subclinical
and overt hyperthyroidism may possibly be explained by
the fact that thyroid hormone excess enhances the effect
of catecholamines (Landsberg and Young 1985; Why-
brow and Prange 1981). Trzepacz et al. (1988) demon-
strated that treatment of hyperthyroid patients with pro-
pranolol for 2 weeks led to an improvement in all depres-
sion scales, to a significant decrease on the hyperthyroid
symptom scale, and a decrease of heart rate and motor
activity, though endocrine parameters did not change. A
slight elevation of T, levels in subclinical hyperthyroidism
possibly affects B-adrenergic receptor densities and thus
contributes to the nervous symptoms of this group of pa-
tients (Trzepacz et al. 1988).

Even though a number of results of tests and self-rat-
ing scales differed significantly between groups, average
scores of subclinically as well as of overtly hyperthyroid
patients lacked clinical significance. Possible reasons in-
clude the high average age of our patients. Almost all
the patients were older than 40 years and most were over
50. A decrease in the number and severity of symptoms
with age in overtly hyperthyroid patients has been docu-
mented by several authors (e.g. Kobberling 1984; Nor-



dyke et al. 1988; Tibaldi et al. 1986). One may speculate
as to how far such a decrease as well as the normal test
results may be related to the phenomenon that older in-
dividuals tend to answer items more often according to
social desirability than younger individuals (Lawton et
al. 1980; Nowotny et al. 1990; Oswald and Fleischmann
1983; Schlote et al. 1990). Another reason may be the
type of scales used. Depression and anxiety scores of in-
dividuals with hyperthyroidism largely depend on whether
or not the items refer to physical changes which typically
accompany hyperthyroidism (Kathol and Delahunt 1986).
Scores on these scales were unexpectedly low because
we used scales for self-evaluation which more or less did
not contain typical physical criteria for the diagnosis of
hyperthyroidism.

Since a number of patients with subclinical hyperthy-
roidism did exhibit physical changes in the direction of
overt hyperthroidism and suffered from syptoms, we are
currently investigating whether these patients benefit
from low-dose thyrostatic treatment.

Acknowledgement. This work was supported by the German Re-
search Foundation.

References

Ahuja S, Baumgarten S, Oeff K (1980) Repetitive intravenous
TRH stimulations at short intervals in thyroid and hypothyroid
subjects. Acta Endocrinol (Copenh) 93:20-24

Alvarez MA, Gomez A, Alvarez E, Navarro D (1983) Attention
disturbance in Graves’ disease. Pychoneuroendocrinology 8:
451-454

Artunkal S, Togrol B (1964) Psychological studies in hyperthy-
roidism. In: Cameron MP, O’Connor M (eds) Brain-thyroid
relationships. Churchill, London, pp 92-102

Bommer M, Eversmann T, Pickardt R, Leonhardt A, Naber D
(1990) Psychopathological and neuropsychological symptoms
in patients with subclinical and remitted hyperthyroidism. Klin
Wochenschr 68:552-558

Bottermann P, Parassiri-Bauer A, Henderkott U (1989) HAufig-
keit unerkannter manifester und latenter Hyperthyreosen in
einem gemischt-internen Krankengut. Klin Wochenschr 67:
130

Brihler E (1978) Der GieBener Beschwerdebogen. Inaugural dis-
sertation, University of GieBen

Breese GR, Mueller RA, Mailman RB, Freye GD (1981) Effects
of TRH on central nervous system function. In: Lombardini
BJ, Kenny AD (eds) Progress in clinical and biological re-
search series. Vol 68. The role of peptides and amino acids as
neurotransmitters. Liss, New York, pp 99-116

Brickenkamp R (1978) Test d2 Aufmerksamkeits-Belastungstest.
Hogrefe, Gottingen

Crooks J, Murray IPC, Wayne EJ (1959) Statistical methods ap-
plied to the clinical diagnosis of thyrotoxicosis. Q J Med 110:
211-234

Foldes J, Banos C, Lakatos P, Varadi A, Gara A, Istvanffy M
(1986) Serum-“free”-thyroxine and triiodothyronine levels:
their significance in preclinical hyperthyroidism and subclinical
hypothyroidism. Acta Med Hung 43:373-380

Garbutt JC, Loosen PT, Tipermas A, Prange AJ Jr (1983) The
TRH test in borderline personality disorder. Psychiatr Res
9:107-113

Hall RCW (1983) Psychiatric effects of thyroid hormone distur-
bance. Psychosomatics 24:7-18

Hamster W (1980) Die Motorische Leistungsserie. Schuhfried,
Molding, Austria

363

Heinik J (1986) Hyperthyroidism and the organic anxiety syn-
drome. Am J Psychiatry 143:11

Janke W, Debus G (1978) Die Eigenschaftsworterliste EWL.
Hogrefe, Gottingen

Kathol RG, Delahunt JW (1986) The relationship of anxiety and
depression to symptoms of hyperthyroidism using operational
criteria. Gen Hosp Psychiatry 8:23~-28

Kathol RG, Turner MD, Delahunt JW (1986) Depression and an-
xiety associated with hyperthyroidism: response to antithyroid
therapy. Psychosomatics 27:501-505

Kaumeier S (1987) Affektive Storungen der subklinischen Hyper-
thyreose. Inaugural dissertation, University of Heidelberg

Kobberling J (1984) Besonderheiten der Hyperthyreose im hishe-
ren Lebensalter. Miinch Med Wochenschr 126: 864-868

Kriiskemper G, Kriiskemper HL (1970) Neurotische Tendenzen
und Extraversion by Hyperthyreose. Z Psychosom Med 16:
178-189

Landsberg L, Young JB (1985) Catecholamines and the adrenal
medulla. In: Wilson JD, Foster DW (eds) Textbook of endo-
crinology. Saunders, Philadelphia, pp 891-965

Laux L, Glanzmann P, Schaffner P, Spielberger CD (1981) State-
Trait-Angstinventar. Beltz, Weinheim

Lawton MP, Whelihan WM, Belsky JK (1980) Personality tests
and their uses with older adults. In: Birren JE, Sloane RB (eds)
Handbook of mental health and aging. Prentice-Halle, Engle-
wood Cliffs, pp 537-553

Loosen PT (1987) Thyroid hormones and affective state. In: Halb-
reich U (ed) Hormones and depression. Raven Press, New
York, pp 357-383

Loosen PT, Prange AJ Jr, Wilson IC (1979) TRH (Protirelin) in
depressed alcoholic men: behavioral changes and endocrine re-
sponses. Arch Gen Psychiatry 36:540-547

Loosen PT, Wilson IC, Dew BW, Tipermas A (1983) TRH in abs-
tinent alcoholic men. Am J Psychiatry 130:1145-1149

Miirtz H, Usadel KH (1986) Zur Inzidenz und rationalen Dia-
gnostik symptomarmer Hyperthyreosen. Innere Med 13:225-
230

Nordyke RA, Gilbert F1, Harada ASM (1988) Graves’ disease: in-
fluence of age on clinical findings. Arch Intern Med 148:626—
631

Nowotny B, Schlote-Sautter B, Rey E-R, Usadel KH (1990) An-
wendung von Selbstbeurteilungsskalen bei dltern Krankenhaus-
patienten. Z Gerontol 23:214-217

Oswald W, Fleischmann UM (1983) Gerontopsychologie. Kohl-
hammer, Stuttgart

Perrild H, Hansen JM, Arung K, Olsen PZ, Danielsen U (1986)
Intellectual impairment after hyperthyroidism. Acta Endoc-
rinol (Copenh) 112:185-191

Pfannenstiel P (1985) Schilddriisenkrankheiten. Diagnose und
Therapie. Grosse, Berlin

Prange AJ, Utiger RD (1981) What does brain thyrotropin-releas-
ing hormone do? N Engl J Med 305 : 1089-1090

Reichlin S (1978) Neuroendocrine control of thyrotropin secre-
tion. In: Ingbar SH, Braverman LE (eds) The thyroid. Lippin-
cott, Philadelphia, pp 241-266

Rockey PH, Griep RT (1980) Behavioral dysfunction in hyperthy-
roidism: improvement with treatment. Arch Intern Med 140:
1194-1197

Rockel M (1987) Untersuchungen zur Korrelation einer latenten
Hyperthyreose mit psychischen und somatischen Verinderun-
gen. Inaugural dissertation, University of Heidelberg

Rackel M, Teuber J, Schmidt R, Kaumeier S, Hifper H, Usadel
KH (1987) Korrelation einer “latenten Hyperthyreose” mit
psychischen und somatischen Verinderungen. Klin Wochenschr
65:264-273

Schlote B, Nowotny B, Kleinbshl D, Schaaf L, Schmidt R, Teuber
I, Paschke R, Vardarli I, Kaumeier S, Usadel KH (1990) Al-
tersabhingigkeit korperlicher und psychischer Befunde bei
manifesten Hyperthyreosen. In: Weinheimer B (ed) Schild-
driise 1989. 12. Konferenz iiber die menschliche Schilddriise.
de Gruyter, Berlin, pp 196-204



364

Sturm W, Biissing A (1985) Erginzende Normierungsdaten und
Retest-Reliabilitatskoeffizienten zur Motorischen Leistungs-
serie (MLS) nach Schoppe. Diagnostica 31:234-245

Szeleky B (1966) Loss Test, Kapelutz, Buenos Aires

Tibaldi JM, Barzel US, Albin J, Surks M (1986) Thyrotoxicosis in
the very old. Am J Med 81:619-622

Trzepacz PT, McCue M, Klein I, Greenhouse J, Levey GS (1988)
Psychiatric and neuropsychological response to propranolol in
Graves’ disease. Biol Psychiatry 23 ; 678—688

Vinson DB, Robbins LR (1960) Objectivity in the assessment of
the thyrotoxic patient. J Psychosom Res 4:236-243

Wallace JE, MacCrimmon DJ, Goldberg WM (1980) Acute hy-
perthyroidism: cognitive and emotional correlates. J Abnorm
Psychol 89:519-527

Wechsler D (1982) Handanweisung zum Hamburg-Wechsler-In-
telligenztest fiir Erwachsene (HAWIE) Huber, Bern

Whybrow PC (1985) Behavioral and psychiatric aspects. In: Ingbar
SH, Braverman LE (eds) The thyroid. Lippincott, Philadel-
phia, pp 967-973

Whybrow PC, Prange AJ Jr (1981) A hypothesis of thyroid-cate-
cholamine-receptor interaction: its relevance to affective ill-
ness. Arch Gen Psychiatry 38:106-113

Whybrow PC, Prange AJ Jr, Treadway CR, Hill C (1969) Mental
changes accompanying thyroid glands dysfunction. Arch Gen
Psychiatry 20:48-63

Zeitlhofer J, Saletu B, Stary J, Ahmadi R (1984) Cerebral function
in hyperthyroid patients. Neuropsychobiology 11:89-93

Zerssen D von (1976) Paranoid-Depressivitits-Skala und Depres-
sivitdts-Skala, Manual. Beltz, Weinheim



