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Disturbances of thyroid function are often accompanied by cognitive and affective disorders. Assessment of cog-
nitive status in the patients with subclinical hypothyroidism represents a possibility for early diagnostics of cognitive
impairment and timely introduction of necessary pharmacotherapy treatment. The aim of this study was to quantify
whether there are P3 event related potential (ERP) deviations as electrophysiological markers of cognitive activity in
patients with subclinical hypothyroidism. P300 potentials were examined in thirty patients with subclinical hypothy-
roidism and in 30 healthy subjects of the control group. P300 was recorded using the classic auditory oddball para-
digm, with 20% of target and 80% of non-target stimuli. The results analysis showed a significantly longer latency P300
and reduced amplitude P300 in subjects with subclinical hypothyroidism compared to euthyroid subjects. There is also
a statistically significant negative correlation between the results of a mini mental state examination and the P300 la-
tency at Fz electrode (r= -0.47, p <0.01) and Cz electrode (r= -0.43, p =0.017). P300 ERP is important in the evalua-
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tion of patients with subclinical hypothyroidism, due to the sensitivity in the detection cognitive disorders.
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INTRODUCTION

It is known that thyroid hormones are important for
normal brain function [1,2]. Disturbances of thyroid func-
tion are often accompanied by cognitive and affective
disorders. Of particular importance is the diagnosis of
cognitive disorders, which are, however, often over-
looked, and closely connected with the quality of life of
patients. Clinically manifest hypothyroidism can lead to
changes in many cognitive domains, including attention,
concentration, memory, executive function, and impact
of subclinical hypothyroidism on cognitive function is still
unclear [3]. Subclinical hypothyroidism may have similar,
but more subtle effects on cognitive functions.

Subclinical hypothyroidism, defined as an asympto-
matic state with elevated serum thyroid stimulating
hormone (TSH) levels while the values of free and total
tyroxin (T4) are normal [4]. There is no consensus in the
literature whether the subclinical hypothyroidism may
induce change of the cognitive functions. Some authors
argue that the mild subclinical hypothyroidism (average
TSH concentration less than 10mU/L) may induce cogni-
tive and affective disorders which can be corrected by
the tyroxin substitution [5]. There are increasingly more
evidence of a disturbance of cognitive function under
subclinical hypothyroidism. Many authors believe that
the decline in cognitive function may vary depending on
the concentration of thyroxine.

Volpato followed the values of thyroxine and TSH in
women with normal thyroid function for a period of three
years and found that cognitive decline was faster among
women with lower concentrations of thyroxine, although
all were within the normal range [6]. Samuels et al. find
weaker health status, cognitive dysfunction, impaired
working memory, and motor learning in patients treated
with thyroxine compared to 20 euthyroid persons aged
20-45 years, with TSH within the reference values [7].
Testing of thyroid function is an integral part of the di-
agnostic protocol for dementia [8]. On the other hand,
some studies did not find a link between subclinical hy-
pothyroidism and cognitive and affective disorders [9,
10]. There is not enough evidence that treating hypothy-
roidism recovers cognitive functions [11, 12, 13].

In clinical practice, for assessing and monitoring
cognitive deficits, neuropsychological tests are usually
used. However, the tests require the cooperation of pa-
tients and are often very complicated and exhausting.
For these reasons, special interest piqued to learn that
the recently introduced new neurophysiological methods
in the study of cognitive processes in healthy subjects
and in clinical practice- event-related potentials as an
objective neurophysiological methods can contribute to
the early diagnosis of cognitive impairment. In the last
20 years P3 cognitive potentials research is very intense
and clearly indicate that this component can serve as an
indicator of cognitive function. In this regard, it is quite
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logical application of P300 event related potentials in pa-
tients with impaired function of the thyroid gland in the
early detection and evaluation of cognitive dysfunction.

THE AIM

The aim of our study was to determine whether
there are differences in the P3 potential as an electro-
physiological marker of cognitive function in subclinical
hypothyroidism compared to euthyroid subjects.

MATERIAL AND METHODS

The study included 30 patients (11 men and 19
women, mean age 50.1+5.2 years, range 40-62 years),
with subclinical hypothyroidism (normal mean value of
FT4, mean value of TSH is 8,8). Patients with history of
any other neurologic disease, history of traumatic brain
injury, aphasia, defects in hearing, communication disor-
ders, previous depression or other psychiatric illnesses as
well as alcoholism and/or administration of medications
known to influence cognitive functions were excluded.
The control group consisted of 30 age and sex matched
healthy volunteers (12 men and 18 women, mean age
51.2+6.3 years, range 42-62 years). All tests were con-
ducted in the neurophysiology laboratory of the Depart-
ment of Physiology, Faculty of Medicine in Novi Sad, in
the morning hours and the patients came rested. Before
the experiment for each patient we conducted an ap-
proximate assessment of the state of hearing and neuro-
psychological assessment of cognitive status using the
Mini Mental State Examination (MMSE) [14]. This scale is
widely accepted as a simple and relatively reliable clini-
cal assessment instrument. Before the experiment all
subjects were given the full information about the trial
and were requested for the participation approval.

ERP measurement

Bioelectrical activity of the brain was recorded us-
ing Ag/AgCl electrodes fastened on the scalp of the sub-
ject with the colodium. Two active electrodes were posi-
tioned at the central line of the scalp frontally (Fz) and
centrally (Cz) according to the international 10-20 sys-
tem. Reference electrodes were placed at the mastoids
while the ground electrode was positioned at the subject
forearm. Impedance of all electrodes in all recordings
was under 5 kQ.

P300 ERPs were recorded using the classic auditory
oddball paradigm [15], with 20% of target and 80% of
non-target stimuli. As the stimuli used were pure tones
height of 1000 and 2000 Hz, the strength of 90dB. Tones
were presented to the subject trough binaural phones.
The subjects were instructed to react as fast as possible
to the target tones (2000Hz) by pressing the button on
the special handle they were holding in their preferred
hand, and at the same time to ignore rhythmical non-
target tones (1000Hz). The subjects were sitting on the
chair in the comfortable position in the silent darkened
room with their eyes open.

A 1000 ms of the cortical electrical activity was re-
corded after each stimulus appearance. The signal was
averaged during the recording. The cortical activity sig-
nal averaging was done separately for target and non-
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target stimuli. At the end of the recordings P300 latency
was identified as the largest positive peak at range 250-
450 ms occurring for each electrode, in particular. Addi-
tionally, the reaction time (RT) was registered for each
patient.

Statistical analysis

The statistical analyses were carried out using the
Wilcoxon rank-sum test (Mann-Whitney) to compare the
P300 amplitudes and latencies of the patients with those
of the control subjects. Pearson's correlation coefficients
were used to correlate the amplitudes and latencies of
the P300 with the scores of the MMSE scale. In the inter-
pretation of data, probability values of p < 0.05 (two
tailed) were considered statistically significant. The sta-
tistical analysis was performed, using R version 3.1.0
[16].

RESULTS

The results analysis showed that the average P3 la-
tency in SH patients was significantly longer (Fz-
373+25.1 ms, Cz- 377+24.7, meanzS.D.) than in control
subjects (Fz- 349+31.4 ms, Cz-348+31.2; p<0.01). P300
latencies were statistically significantly longer in both
observed brain areas (fig. 1).

The values of the amplitudes were lower in the
group of SH patients on both electrodes (Fz-6.7+3puV, Cz-
6.5+£2.8uV; meanS.D) than in control subjects (Fz-
10+3uV, Cz-9+£3pV; meanzS.D) (fig.2). In both subject
groups, the amplitudes P300 on Fz electrode were larger.

The reaction time in the group of patients was lar-
ger in comparison to the group of healthy subjects but
that difference is not statistically significant. Considering
the success rate and the number of errors in both groups,
the group with SH patients has more errors but the dif-
ference was not statistically significant.

It is interesting to note the relationship between la-
tency and amplitude of P300 and neurophysiological test
for assessment of general cognitive capabilities (e.g.
MMSE). The results show a statistically significant nega-
tive correlation between the results of a mini mental
state examination and the P300 latency at Fz electrode
(r= -0.47, p <0.01) and Cz electrode (r= -0.43, p =0.017)
(fig.3).

On the other hand, there was no correlation when
the results of the MMSE were compared to the amplitude
of the P300 at Fz and Cz electrode (fig.4).

DISCUSION

The numerous clinical P300 studies [17-23], strongly
suggest that this ERP component, elicited by auditory,
visual, olfactory or somatosensory stimuli, may be clini-
cally useful as an index of cognitive function. Some
studies show a significant correlation between weaker
results on the scale of general cognitive abilities and
prolonged P3 latencies. These characteristics qualify P3
component as a possible diagnostics method for cognitive
status assessment. P3 ERP is particularly important in pa-
tients with weak cognitive changes regardless of its eti-
ology which can not be proved during the clinical exami-
nation.
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Figure 1. P300 latencies of the control group and group with subclinical hypothyroidism (SH) at Fz and Cz
electrode
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Figure 2. P300 amplitudes of the control group and group with subclinical hypothyroidism (SH) at Fz and Cz
electrode

We have used P3 ERP component for the assesment
of cognitive abilities in patients with subclinical hypothy-
roidism. By our knowledge there is just a few published
works researching the possibility of using P3 ERP in the
assessment of cognitive status in hypotiroidism.
Jensovsky et al. used latency of P3 cognitive potentials in
the evaluation of the impact of thyroxine therapy on the
cognitive function [24]. They showed significantly pro-
longed P3 latency before levothyroxine treatment when
the mean concentration of TSH was 7.1 mU/L. After the
treatment, with the normalization of TSH, the values of
P3 components are normalized also.

Munte et al. analyzed cognitive evoked potentials
and neuropsychological tests in patients operated from
thyroid cancer, first while being euthyroid and then dur-
ing hypothyroidism over one month period without thy-

roxine in which they had been prepared for scintigraphy
with iodine [25]. These authors used visual stimulation to
elicit P3 components and founded prolonged latency and
reduced P3 amplitude during hypothyroidism, which
lasted only a month but was exceptional (total T4 mean
17.3 nmol/l, TSH mean 86.3 mU/l).

In our study, comparison of parameters P3 compo-
nent showed a significantly longer latency and reduced
amplitude in subjects with subclinical hypothyroidism
compared to euthyroid subjects. There was no difference
between the groups regarding other neurophysiological
indicator of brain functions such as the reaction time.
Analyzing the values of P3 latency and amplitude in the
control group, we find that they do not differ signifi-
cantly compared to the values obtained in most other
studies. Latencies in our patients amounted 373 ms for
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Figure 3. The correlation between the P300 latency at Fz and Cz electrode and the mini-mental
state examination (MMSE) score
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Figure 4. The correlation between the P300 amplitude at Fz and Cz electrode and the mini-mental state
examination (MMSE) score

the Fz, and 377 ms for the Cz which is consistent with
the statements of other authors [26].

Considering the latency of the P3a potentials (fron-
tally localized) the most frequently quoted value is 220-
280 ms, and for the P3b potentials (centroparietally lo-
calized) is 310-380 ms [27]. Parameters of the P3 poten-
tial primarily reflect basic cognitive domains such as at-
tention and memory. P3 amplitude waves in our study
have a higher variation which is consistent with other
published studies and their importance is usually in the
individual monitoring or comparing different groups of
respondents [28].

The subjects with subclinical hypothyroidism show a
lower speed of stimulus classification, less attention ca-
pacity and slower attention redirection which is corre-
lated with prolonged P300 latency. Attention redirection
speed correlated negatively with values of the MMSE. On
the other hand, the capacity of attention, which is re-
flected in the amplitude of P3 were reduced by hypothy-
roidism but there is no correlation with the test for as-
sessing general cognitive ability (MMSE). The importance
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of prolonged latency of the P3 component is more sensi-
tive in identifying small changes in working memory
which may be found in hypothyroidism [29]. Determina-
tion of the event related potentials can be a useful tool
in routine clinical practice as an additional diagnostic
tool.

However, reaction time shows its shortcomings in
the identification of subtle cognitive changes, since the
reaction time reflects only a summary of all phases of
cognitive processes, such as the perception of stimuli,
discrimination, evaluation, selection and execution of
appropriate response.

CONCLUSION

Our study emphasizes the importance of P300 ERP in
the evaluation of patients with subclinical hypothyroid-
ism, due to the sensitivity in the detection of specific
and subtle cognitive disorders.
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Patients with subclinical hypothyroidism had sig-

nificantly longer P3 latency and reduced P3 amplitude as
compared to healthy individuals which gives evidence for
impaired cognitive functions in SH patients. Latency of
P300 potentials stands out as a very good indicator of
cognitive decline in subclinical hypothyroidism
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PRIMENA P300 KOGNITIVNO EVOCIRANOG POTENCIJALA ZA PROCENUKOGNITIVNOG STATUSA KOD SUBKLINICKE
HIPOTIREOZE
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SAZETAK
Oboljenja Stitaste zlezde su Cesto pracena kognitivnim i afektivnim poremecajima. Procena kognitivnog statusa kod bolesnika sa

subklinickom hipotireozom predstavlja mogucnost za ranu dijagnostiku kognitivnog ostecenja i blagovremeno uvodenje farmakoloske
terapije. Cilj ovog istrazivanja bio je da utvrdimo da li postoje promene P3 latence i amplitude kao elektrofizioloskih markera kogni-
tivne aktivnosti kod pacijenata sa subklinickom hipotireozom u odnosu na eutiroidne subjekte. U ispitivanje je ukljuceno trideset
pacijenata sa subklinickom hipotireozom i 30 zdravih ipitanika u kontrolnoj grupi. Za izazivanje P3 potencijala koristili smo klasi¢nu
oddball paradigmu sa 20% ciljnih i 80% neciljnih stimulusa. Rezultati su pokazali produzene P300 latence i smanjene P300 amplitude
kod osoba sa subklinickom hipotireozom u odnosu na eutireoidne subjekte. Takode postoji statisticki znacajna negativna korelacija
izmedu rezultata male skale za procenu mentalnog statusa i P300 latenci na Fz elektrodi (r = -0.47, p <0,01) i Cz elektrodi (r = -0.43, p
= 0.017). P300 kognitivni potencijal je vazan u evaluaciji pacijenata sa subklinickom hipotireozom zbog osetljivosti u otkrivanju
kognitivnih poremecaja.

Kljucne reci: P300, hipotiroidizam
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