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Hypothyroidism is a fairly common disease. The signs and symptoms of thyroid hormone deficiency are non-specific and under
certain conditions its diagnosis may be rather difficult. The aim of the study was to make an analytic comparison of several psychometric
indices with rheological parameters of extremity microcirculation in patients with subclinical or overt hypothyroidism and in healthy
controls. Serum levels of thyrotropin and of free thyroxine were measured. A psychometric analysis was carried out using the Mitte-
necker and Thoman test. The finger cooling test evaluated by eye verification and the systolic–diastolic index (SDI) was determined by
means of planimetric photoplethysmography. An increase in SDI was found in the patients with subclinical and overt hypothyroidism,
correlating with psychometric indices and hormonal levels. The results obtained indicate that an evaluation of rheological parameters of
the finger cooling test and psychometric parameters may be very useful in the auxiliary screening of hypothyroidism.
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1. Introduction

Hypothyreosis is a common chronic illness which
appears throughout the country. Chronic illnesses of
the thyroid gland appear in 5% of men and 15% of
women in the adult population. There are 140 million
people at risk of thyroid diseases due to iodine defi-
ciency of which, in Europe, 97 million of reported
cases are diagnosed with thyroid goitre [1]. The ex-
amination of the thyrotropin TSH level and free thy-
roxine fT4 level, determined by means of RIA,
IRMA and ELISA tests [2]–[5], play a key role in the
diagnosis of disorders in thyroid activity. However,
there is a group of chronic illnesses of the thyroid
gland which have drug-induced, toxic [6] or inflam-
matory – bacterial (kidney, prostate or sinus chronic
infection, tooth caries, paradontosis) or immunologi-
cal etiology [7]–[10]. They are rheumatoid arthritis,

systemic sclerosis, MCDT and reactive arthritis
(Reitter, Lymme, SARA syndrom), and the correla-
tion between levels of concentration of the men-
tioned hormones in the blood and the intensity of
clinical symptoms in such cases is lower [11]–[17].
In chronic illnesses of this kind, immunoglobulins or
some chemical compounds may disturb peripheral
conversion T4–T3, may influence expression and
accessibility of the tissular receptors to T3 or may
modify accessibility of hormones in serum albumi-
nous buffers. Such states are called subclinical hy-
perthyreosis or hypothyreosis [18]–[21]. Subclinical
biochemically seems to be a purposeful supplement
to these terms, suggesting clinical symptoms in spite
of near-normal hormone levels [22], [18]. The main
problem in hypothyreosis symptomatology is tem-
perature tolerance, especially skin sensitivity to cold.
Each patient with diagnosed hypothyreosis com-
plains of body freezing, especially of the hands and

______________________________

* Corresponding author: Laboratory of Biotechnology Cieszyn, ul. Goździków 2, 43-400 Cieszyn, Poland. E-mail:
Andrzej.107483@pharmanet.com.pl

Received: November 28, 2007
Accepted for publication: March 22, 2007



A. DYSZKIEWICZ62

feet (Raynaud phenomenon). Based on this observa-
tion investigators have tried to expand thyroid diag-
nostic tests applying unspecific measurements, such
as skin electroimpedance [23], [24] or microcirculation
evaluation [25]–[27], which are particularly effective
and assume a high level of correlation with the inten-
sity of clinical symptoms. The next clinical conse-
quence of a dwindling metabolism is a change in the
sensitivity of the neuronal system, which leads to
depression, vegetative, antisocial, and sometimes
even psychotic trends, which can be measured by
psychological tests.

This examination may be helpful as an inexpen-
sive screening test used for supplementary diagnostics
and for the monitoring of thyroid therapy [25]. Cardio-
logic [28]–[30] and neurological–psychiatric [31]–
[37] disturbances are known issues existing alongside
thyroid diseases. Their estimation may also be an un-
specific marker in the evaluation of some disturbances
in thyroid function.

2. The aim of the work

Finding correlations with the traditional hor-
mone criteria of hypothyreosis was the focus of the
investigation. Comparative analyses of selected
psychopathological features, evaluated by the Mit-
tenecker and Toman’s computer test [38], and
rheological changes of microcirculation in the fin-
ger cooling test, evaluated by planimetric computer
photoplethysmography [39]–[41], [25] in a group of
individuals suffering from subclinical (C) and bio-
chemically evident hypothyreosis (B), compared
with healthy controls (A) are the aim of the study.
Some of the previously proposed modifications
include:

1. Constructing a narrow-angled sensor and taking
measurements in a small finger venous area that is
particularly sensitive to cold (in the cooling test).

2. Uusing computer and electronic systems to
convert the signal from analogue to digital which
allows for a quick recording and accurate drawing of
the results on the screen enabling immediate calcula-
tion.

3. Creating and clinical use of the computer ver-
sion of the Mittenecker and Thoman’s test.

4. Calculating the results of cooling and psycho-
logical tests using the indices of relative change of
selected parameters and correlating them with thyreo-
tropin (TSH) and free thyroxine level (fT4) in the
groups A, B, C.

3. Material and method

3.1. Groups of patients

The study was performed among patients of the
Thyroid Clinic for Outpatients and Nuclear Medicine
Laboratory in Cieszyn. The control group (A) con-
sisted of healthy medical workers: 12 women aged
38.6 ± 4.2 years, 8 men – 36.5 ± 3.4 years. The first
test group (B) with biochemically positive hypothy-
reosis was comprised of 24 subjects (17 women aged
44.6 ± 6.2 years and 7 men aged 46.3 ± 5.8 years).
The second study group with biochemical subclinical
hypothyreosis consisted of 25 patients: 15 women aged
42.1 ± 4.8 years and 10 men aged 40.6 ± 3.8 years.
Patients in groups B and C met positive clinical and
laboratory criteria (based on the Thyroid Association
list of criteria). In both groups, all subjects were
evaluated using a visually verified cooling test and
computer photoplethysmography as well as the Mit-
tenecker–Thoman, fT4 and TSH tests.

3.1.1. General excluding criteria

The following subjects were excluded from the
study: those who smoked more than 10 cigarettes
a day, had a positive history of arterial hypertension,
diabetes, coronary heart disease, arteriosclerosis or
collagen disease, those taking any vasoactive drugs
and those who had suffered from any hand, shoulder
or neck injury.

3.2. Testing methods

3.2.1. Hormonal tests

The blood for the tests was taken from the patients’
right elbow vein (5 cm3), and then, after cloting, was
spin-dried and frozen (–5 °C). The material was trans-
ported to laboratory freezed as it was necessary to do so.
Tests were carried out only on the completed samples
which were already in a liquid state and had a room tem-
perature (about 20 °C) in the Nuclear Medicine Labora-
tory in Cieszyn using (1) the “Farmos” TSH-IRMA
system and the (2) “Cis” fT4 RIA system.

3.2.2. Psychometric test

A computerised version of the author’s modifica-
tion of the Mittenecker and Thoman’s test, for the
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diagnosis of depression, psychosis, vegetative lability
and antisocial tendency scale was used for the re-
search. The study was performed in a cosy room fur-
nished with a comfortable armchair, computer desk
and display. Patients were requested to answer 214
questions shown on the computer display (for about
2 h). The temperature in the surgery room was approx.
20–22 °C.

3.2.3. Statistical tests

Statistical analysis: average value, standard devia-
tion, correlation factor, t-Student’s test.

3.2.4. Cooling test

The cooling test shows distortions in blood dis-
tribution between nutrition and thermoregulatory
microflows (figure 2). The test was performed by
inserting a patient’s hand in a mixture of water and
ice and evaluating microcirculation after a 5-minute
exposure. A visual evaluation of fingers after the
test, with attention focused on their whitening, can
detect only advanced forms of the Raynaud phe-
nomenon. Many attempts at rendering the cooling
tests more objective have been carried out so far by
retrieving the data directly from the microflow.
Various kinds of plethysmography (isotope, electro-
impedance, ultrasound, laser), photoplethysmogra-
phy, and capillaroscopic planimetry have been used
for this purpose.

In i t i a l  c o n d i t i o n. The cooling test was per-
formed by inserting the right hand of a patient in
a mixture of water and ice at a temperature of 15 °C

for 5 minutes. The hands tested were protected before
immersion using thin polypropylene gloves, which
due to their tenuity, exerted no pressure on the skin.
Afterwards it was assessed whether distinct areas of
whiteness were visible on the index finger. The tem-
perature of the measurement room was 20 °C. Patients
participating in the test had been given 10 minutes to
acclimatise. They were forbidden to smoke or drink

neither any caffeine nor alcohol from the day before
the measurement (until after the measurement). Be-
fore the cold test, the patients’ blood pressure was
examined (mmHg by the automatic “OMRON” sys-
tem – data was exported to an EXCEL table). Only
patients with pressure lower than 140/90 had been
allowed to take the cold test. An eye evaluation was
performed immediately after cooling (two examiners),
with the computer measurement coming a few sec-
onds later.

P h y s i o l o g y  b a s i s. A normal microvascular
bed (the fingers) consists of various forms of nutrition
capillary nets (70%) and thermoregulation anastho-
moses (Sequet–Hoyer canals). Blood flow steered by
sympathetic nerves controls the sphincters of these
vessels (figure 2). The normal, nutritional microflow
of blood increases after cooling and stabilises the
temperature of finger tissue (with small efficiency).
When the temperature continues to decrease, nutri-
tional flow closes and takes on a strong flow through
the Sequet–Hoyer canal.

The flow described above increases the curve
area as can be seen in the diagram (figure 5). Patients
with hypothyreosis show pathological reactions.
Their nutrition microflow is similar to that of healthy

Fig. 1. Screenshot – the Mittenecker–Thoman test window. The columns whose ranges are
from negative to positive values on the y-axis represent ambivalent tendencies (social–antisocial),
while the columns whose ranges are positive represent individual, psychological patient’s skills
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people. After cooling, the nutrition flow closes, but the
Sequet–Hoyer canal remains closed, as hypothyreosis
changes the function of the nerve fibres, synapses and
Pacinian receptors (which control this reflex).

Finger photoplethysmography (figure 4) is a tech-
nique with a great potential in detecting vascular dis-
orders caused by vibrations. The idea of photoplethys-
mography is based on the changes of light transmission

Fig. 2. Nutrition capillary net and thermoregulation anasthomoses

Fig. 3. Light transmission through finger plexus in the systolic and diastolic pulse phases

a b

Fig. 4. Computer photoplethysmograph prototype: picture (a), diagram of device structure (b)

LEGEND
T   – arteria
Z   – veins
Z1 – praecapillary sphincter
Ks – Sequet-Hoyer canal
Z2 – Sequet-Hoyer canal sphincter
Sn – capillary alimentation net
N1 – nervous fibre (for steering Z1)
N2 – nervous fibre (for steering Z2)
K1 – microcapillary blood flow
K2 – thermoregulation blood flow

Systolic phase
of microvessels

pulse

Diastolic phase
of microvessels

pulse
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through a capillary finger plexus. Hydrostatic pressure
in a systolic pulse phase of microvessels causes
a plasma flow out from the microcapillaries. This
process increases erythrocyte concentration in vessels
and decreases light penetration (figure 3). In the dia-
stolic phase, there is a blood plasma flow into the
microcapillaries, diluting the erythrocytes, which in-
creases light penetration.

Increased sensitivity and specificity of the method
are the expected effect of the digital conversion of
the pulse signal as well as a direct processing of
files. We speculate that an objective computer analy-
sis (figure 5a) of the tracings is likely to improve the
clinical value of photoplethysmography after cold
exposure.

The analog photoplethysmograph signal (figure
4a) was filtered in the preamplification stage, selec-
tively, at 50 Hz (network frequency). The 8 bit ADC
converter takes 1024 probes in 1 second (1 kHz)
(figure 4a). The curve of the evolution of one pulse
(pulse 75 = 1.25 Hz) consists of 752 points (figure 5a).

The files were then processed by means of
“Pletyzmograf 1.0” software, which allows for the
visualisation of the pulse wave and the parametric
analyses of any chosen fragments which are then av-
eraged. Parameterisation is performed using an inter-
active formula that requires defining the edge pa-
rameters of the curve with cursor lines. Defining the
edge points of the pulse curves assures a precise defi-
nition of the area under the ascending and descending
branches of the curve as well as a definition of the
amplitude (figure 5b).

3.3. Estimation of curve parameters

The data is automatically analysed using area in-
dex (an increase or decrease in the curve area index

defines a process associated with blood volume
change of finger plexus after cold immersion).
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S1b – area under the ascending branch of the curve
at baseline,

S2b – area under the descending branch of the
curve at baseline,

S1c – area under the ascending branch of the curve
after cold exposure,

S2c – area under the descending branch of the
curve after cold exposure.

4. Results

The study did not produce any positive results in
the eye verification of the finger cooling test in the
groups A, B and C, thus the results have not been
included in table 1.

In the group of healthy patients, the average value
of the SDI rate amounted to 0.351 and was signifi-
cantly lower than these in the evident and biochemi-
cally subclinical hypothyreosis group (table 1). The
TSH level in the group A amounted to 1.81 µg/dl, in
the group B it was considerably higher and amounted
to 8.21 µg/dl and in the group C it assumed a statisti-
cally insignificant value of 5.98 µg/dl. The fT4 level

a b

Fig. 5. Sample curve wave chart and window of “Pletyzmograf 1.0” software (a),
interpretation diagram – amplitude parameter (A) and area parameters (S1, S2) (b)
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in the group A amounted to 18.7 µg/dl, in the group B
7.1 µg/dl and in the group C an insignificant value of
11.5 was noted. The expression level in the selected
psychopathological features was significantly low in
the group A and considerably higher in the groups
B and C (tables 1, 2). SDI and hormone level correla-
tion were high in the groups A and B and very low in
the group C. SDI correlation and expression level of
psychopathological features testified to a quite good
correlation in all three groups (table 3).

5. Conclusions

1. A narrow-angled sensor for measurements in
an index finger venous area, which was particularly
more sensitive to cold (in the cooling test), used in
correlation with eye verification was constructed (no
positive results).

2. An electronic system and computer for analogue
to digital conversion of the signal to enable a quick
recording and calculation of the results were used.

3. Clinical use of the computer version of the
Mittenecker and Thoman’s test produced results much
faster than a manual method (about 40 min. shorter).
The study revealed a high correlation of rheological
and psychometric parameters with thyroid hormone
level in the cases with clinically evident hypothyreotic
patients.

4. A correlation between psychological and
rheological parameters evaluated in the cold test is
comparable both among patients with evident and
subclinical hypothyreosis. The subclinical hypothy-
reosis group, however, does not meet hypothyreosis
criteria for hormone levels.

6. Discussion

One of the older methods for screening thyroid
function was a basal metabolism ratio measurement
based on a body’s heat production; however, such an
investigation was complex and could not be consid-
ered valid as a diagnostic criterium, due to the fact
that measuring whole-body skin temperature depends
largely on skin nutrition microvessels guided by non-
peculiar stimuli (independent of thyroid function).
More specific is the proportion of the finger nutri-
tional microflow (at normal temperature) to the Se-
quet–Hoyer canal blood flow, registered at rest, par-
ticularly before and after cooling. Cooling test
verification can be very difficult and challenging;
there have been many attempts at verifying this test by
scientists. The following methods have been used so
far: laser-Doppler–flowmetry, radionuclide-plethys-
mography, electroimpedance-plethysmography, ultra-
sound, thermovision, multipoint thermometry and
photoplethysmography. Analyses of examination re-

Table 1. Biochemical, rheological and psychometric parameters

Groups SDI TSH fT4 Depressive
trends (D)

Psychotic
trends (P)

Antisocial
trends (A)

Vegetative
instability (V)

Group A
n = 20

0.351
±0.044

1.81
±0.14

18.7
±1.23

–38.5% –34.7% –31.9% –38.3%

Group B
n = 21

0.625
±0.069

8.21
±0.81

7.1
±0.63

41.2% 38.1% 35.7% 64.3%

Group C
n = 25

0.491
±0.085

5.98
±0.61

11.5
±0.86

39.4% 35.8% 34.9% 61.2%

Table 2. Statistical significance of the difference

A – B P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.01 P < 0.01 P < 0.001
A – C P < 0.001 P < 0.01 P < 0.05 P < 0.001 P < 0.01 P < 0.01 P < 0.001
B – C P < 0.001 P < 0.05 P < 0.05 P < 0.05 P < 0.05 P < 0.05 P < 0.05

Table 3. Biochemical and psychometric parameters correlation table from SDI

Group SDI/TSH SDI/fT4 SDI/ D SDI / P SDI/ A SDI/ V
A 0.711 0.645 –0.665 –0.542 –0.511 –0.667
B 0.921 0.812 0.791 0.715 0.627 0.905
C 0.465 0.413 0.752 0.704 0.598 0.887
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sults carried out to date have proven that specific
measurements correlate with a small area on the fin-
gertip plexus in which many arterio-venous anastomo-
ses are present.

The observation field of our sensor does not ex-
ceed an area of 20 mm2, thus it is incapable of in-
cluding big vessels, and encompasses nutritive micro-
flow only in a small scope, as thermoregulating
arterio-venous junctions constitute a major part of the
plexus [18], [19]. A combination of the photople-
thysmography and computer methods allows for
greater precision, making the parameterisation of the
signal significantly quicker as well as renders mathe-
matical calculations possible. It also simplifies the
method and allows for using one-point measurements
as a basis for calculations [8], [18]. The use of relative
change indices to calculate the data has eliminated the
difficult and time-consuming process of calibration of
the investigation procedure [35], [41], [51], [52].

It has been concluded that computer photople-
thysmography is highly specific and shows a greater
sensitivity in detecting preclinical forms of the vas-
cular type of heat production deficiency (the Raynaud
phenomenon).

The average value the of SDI rate in healthy pa-
tients amounted to 0.351 and was significantly lower
than in these with the evident (0.625) and biochemi-
cally subclinical hypothyreosis (0.491) group (table 1).
The TSH level in the group A amounted to 1.81 µg/dl,
in the group B a significantly higher value of 8.21 µg/dl
was noted and in the group C it assumed a statistically
insignificant value of 5.98 µg/dl. The fT4 level in the
group A was 18.7 µg/dl, in the group B 7.1 µg/dl and
in the group C it took a statistically insignificant value
of 11.5 µg/dl. The expression level in the selected psy-
chopathological features was particularly low in the
group A and considerably higher in the groups B and C
(tables 1, 2). SDI and hormone level correlation was
high in the groups A and B, whilst being significantly
low in the group C. SDI correlation and expression
level of psychopathological features produced a rela-
tively good correlation in all three groups (table 3).

A high correlation between unspecific rheological
and psychometric parameter indices will surely enrich
the clinical process of recognising subclinical and
clinically evident forms of hypothyreosis with new
differentiating criteria.

The value of the SDI rate was highly correlated
with the amount and expression level of psychiatric
symptoms in all the groups under examination. A high
correlation with the hormone levels existed only in the
clinically evident form. The fact that the research was
conducted on a selected group of patients should be

remembered, and the specification obtained could
change on exposure to different environmental fac-
tors. Nevertheless its low costs and the fact that the
method is non-invasive encourage consideration of its
more widespread use. The results of the research indi-
cate that neurological-psychiatric disorders may occur
in the biochemically confirmed as well as in the bio-
chemically non-confirmed cases of thyroid diseases.
The diagnostic process described above can be carried
out through use of the neuronal network. The results
obtained seem to confirm some of the authors’ re-
ports concerning the generation of oligosymptomatic
psychiatric syndromes by unrecognised, biochemi-
cally subclinical disorders of thyroid activities. The
manifestation of masked depression, psychotic ten-
dencies or antisocial attitudes is an evident premise
to apply psychometric procedures in the treatment
process.

Literature

[1] BECKS G., BURROW G., Thyroid disease and pregnancy,
Med. Clin. North. Am., 1991 Jan., 75(1), 121.

[2] BARTALENA L., PLACIDI G., Nocturnal serum thyreotropin
(TSH) surge and the TSH response to TSH-releasing hor-
mone: dissociated behavior in untreated depressives, J. Clin.
Endocrin. Met., 1990, 71(3), 650.

[3] BAXTER J., Advances in molecular biology: potential impact
on diagnosis and treatment of disorders of the thyroid, Med.
Clin. North. Am., 1991 Jan., 75(1), 41.

[4] BAYER M., Effective laboratory evaluation of thyroid status,
Med. Clin. North. Am., 1991, 75, 1.

[5] DEGROT L., MAYOR G., Admission screening by thyroid
function tests in an acute general teaching hospital, Am.
J. Med., 1992, 93, 558.

[6] MC CONNEL R., Abnormal thyroid function test results in
patients taking salsalate, JAMA, 1992, 4, 276, 1242.

[7] BIANCHI G., MORCHESINI G., ZOLI M., Thyroid involvement
in chronic inflammatory rheumatological disorders, Clin.
Rheumatol., 1993 Dec., 12(4), 479.

[8] CARVALHO S., KIMURA E., BIANCO A., Central role of brown
adipose tissue thyroxine 5’deiodinase on thyroid hormone
dependent thermogenic response to cold, Endoc., 11991
Apr., 128(4), 2149.

[9] HAMBURGER J., The various presentations of thyroiditis, An.
Int. Med., 1986, 104, 219.

[10] KUCERA M., BARBCOVA H., Levels of T3, T4, TSH in patients
with rheumatoid arthritis, Vnitr. Lek., 1990 Nov., 36(11),
1062.

[11] BEMBEN D., WINN P., Thyroid disease in the elderly. Part 1.
Prevalence of undiagnosed hypothyroidism, J. Fam. Pract.,
1994 Jun., 38(6), 577.

[12] EPSTEIN F., Maternal and fetal thyroid function, N. Engl.
J. Med., 1994 Oct., 16, 1072.

[13] FABER J., GALLOE A., Changes in bone mass during pro-
longed subclinical hyperthyroidism due to L-thyroxine treat-
ment: a meta-analysis, Eur. J. Endocrin., 1994, 130, 350.

[14] HAMBURGER J., Facititious elevation of thyreotropin in
euthyroid patients, N. Engl. J. Med., 1985 Jun., 313(4), 267.



A. DYSZKIEWICZ68

[15] HAYASHI Y., MAUGOURA D., REFETOFF S., A mouse model to
resistance to thyroid hormone produced by somatic gene trans-
fer of a mutant thyroid hormone receptor, Mol. Endocrin., 1996
Jan., 10(1), 100.

[16] NAKAMURA H., Thyroid hormone resistance syndromes,
Nippon Naika Gakkai Zasshi, 1990 Jul. 10, 79(7), 901.

[17] NORDEN A., JACKSON R., NORDEN L., Misleading results
from immunoassays  of serum free thyroxine in the presence
of rheumatoid factor, Clin. Chem., 1997 Jun., 43(6), 957.

[18] SEIF P., GROBMAN E., SCHAAF L., Syndromes of thyroid hor-
mone resistance, Acta Med. Austr., 1988, 15, Sondreheft 1, 47.

[19] SHIROKY J., COHEN M., BALLACHEY M., Thyroid disfunction
in rheumatoid arthritis, a controlled prospective survey, Ann.
Rheum. Dis., 1993 Jan., 52(6), 454.

[20] STAUB J., ALTHAUS B., Spectrum of subclinical and overt
hypothyroidism: effect on thyreotropin, prolactin, and thy-
roid reserve, and metabolic impact on peripheral target tis-
sues, Am. J. Med., 1992 Jun., 92, 631.

[21] ZENOVKO E., PAVLOV B., KUSHKOV G., Hypothalamo-
pituitary thyroid system in patients with rheumatoid arthritis,
Ter. Arkh., 1998, 70(1), 49.

[22] BEMBEN D., HAMM R., Thyroid disease in the elderly. Part 2.
Predictability of subclinical hypothyroidism, J. Fam. Pract.,
1994 Jun., 38(6), 588.

[23] LARSEN R., Thyroid hormone metabolism in the central
nervous system, Acta Med. Austr., 1988, 15, Sonderheft 1, 5.

[24] NAZAN DOLU, CEM SUER, CIGDEM OZESMI, Electrodermal
activity in hypothyroid patients and healthy subject, Thyroid,
1999, 8(9), 787.

[25] DYSZKIEWICZ A., KOPROWSKI R., WRÓBEL Z., System wielo-
kanałowej fotopletyzmografii w diagnostyce zespołu wibra-
cyjnego i niedoczynności tarczycy, Mat. Konf. „TIM 99”,
Jaszowiec 18–21.11.99.

[26] GLENDHIL R., DESSEIN P., VAN DER MERVE C., Treatment of
Reynaud’s phenomenon with triiodothyronine corrects coex-
istent autonomic disfunction – preliminary findings, Post-
grad. Med. J., 1992 Apr., 68(798), 263.

[27] KOLTRINGER P., LANGSTEGER W., LIND P., Mikrozirkulation
als Parameter peripherer Schildrusenhormonwirkung, Acta
Med. Austr., 1988, 15, Sonderheft 1, 64.

[28] GOTZSCHE L., ORSKOV H., Cardiac triiodothyronine
nuclear receptors binding capacities in amiodarone-
treated hypo- and hyperthyreoid rats, Eur. J. Endoc., 1994
Mar., 130(3), 281.

[29] KLEIN I., OJAMAA K., Cardiovascular manifestation of endo-
crine disease, J. Clin. Endocrin. Met., 1992, 75(2), 339.

[30] SAWIN C., GELLER A., Low serum thyreotropin concentra-
tions as a risk factor for atrial fibrillation in older persons,
N. Engl. J. Med., 1994 Nov., 19, 1249.

[31] CAO XUE Y., JIANG XIN M., Timing of vulnerability of the
brain to iodine deficiency in endemic cretinism, N. Engl.
J. Med., 1994 Dec., 29, 1739.

[32] CHATTOPATHYAY N., KHER R., VIRMANI J., Differential
expression of alfa and beta thyroid hormone receptors genes
in the developing rat brain under hypothyreoidism, Biol.
Neonate., 1995, 67(1), 64.

[33] DE NAYER P., RENNOTE B., CAUCHETTAUX D., Thyroid hor-
mone receptors in brain and liver during ageing, Horm.
Metab. Res., 1991 Jan., 23(1), 12.

[34] FARSETTI A., MATSUHASHI T., DESVERGNE B., Molecular
basis of thyroid hormon regulation of myelinbasic protein
gene expression brain, J. Biol. Chem., 1992 Aug., 25,
267(24).

[35] HAUSER P., The thyroid receptor beta gene and resistance to
thyroid hormone implications for behavioral and brain re-
search, Psychoendoc., 1994, 19(4), 3.

[36] IGLESIAS T., CAMBINI J., SHENENBERG H., Thyroid hormone
dependend transcriptional represion of neural cell adhesion
molecule during brain maturation, EMBOJ, 1996 Aug. 15,
15(16), 4307.

[37] KUCHARZ E.J., Thyroid disorders in patients with progres-
sive systemic sclerosis, Clin. Rheum., 1993, 12, 1.

[38] DYSZKIEWICZ A., DYSZKIEWICZ U., KOPROWSKI R., WRÓBEL
Z., Psychometryczna analiza osobowości i uzdolnień w pro-
cedurze interaktywnego dialogu z komputerem, Kognit. Med.
Edu., 2000, 4.

[39] DYSZKIEWICZ A., TENDERA M., Vibration syndrome diagno-
sis using cooling test verified by computerised photoplethys-
mography, Physiol. Meas., London, 2006, 27, 353–369.

[40] MITAS A., DYSZKIEWICZ A., Mikrokomputerowy układ
pomiarowy w kardiologii, Pom. Automat. Kontr., 1987,
7, 148.

[41] BINKOWSKI M., DYSZKIEWICZ A., WRÓBEL Z., The analysis
of densitometry image of bone tissue based on computer
simulation of X-ray radiation propagation through plate
model, Computers in Biology and Medicine, 2006, accepted
to publication.

[42] ZIELOSKO B., DYSZKIEWICZ A., Intelligent Medical Systems
on internet technologies platform, [in:] Advances in soft
computing (series), Monitoring, security and rescue tech-
niques in multiagent systems (monography title), Springer,
Berlin–Heidelberg–New York, 2005, 589–594.


