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Thyroid hormones play an essential role in brain functioning not only during development, but also 
in adult life. A link between visuospatial abilities and thyroid hormones has already been established. 
However, it is unclear whether this link is related to the changes in visual information processing, 
whether the ventral or the dorsal streams are more affected, or the interaction of the two pathways is 
impaired. The present study aimed to evaluate the effect of hypothyroidism on the visuospatial abili-
ties related to the ventral and dorsal visual pathways using behavioral tasks. Twenty-six newly diag-
nosed hypothyroid patients and 26 euthyroid controls took part in the study. They had to determine 
whether the virtual center of radial Glass patterns (GPs) was shifted to the left or right of the screen 
center, or to discriminate between radial and concentric GPs with varying coherence. Three different 
conditions were applied: static and two dynamic flicker conditions with a limited lifetime of the dot 
pairs. The results show that the coherence thresholds were higher in the static condition and the 
center location task for both groups. The hypothyroid group had higher thresholds in discriminating 
the radial from the concentric patterns in the dynamic flicker conditions. The proportion of correct 
responses was lower in the hypothyroid group for patterns with the centers shifted to the right and 
for concentric compared to the radial patterns. The control group showed decreased performance 
in localizing the pattern centers shifted to the left.  The findings imply that hypothyroidism leads to 
subtle changes in integrating spatiotemporal information that might be related to deficient process-
ing in the ventral system and the reallocation of spatial attention under cognitive load.
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INTRODUCTION

Thyroid hormones (TH) such as thyroxine or tetraiodothyronine 

(T4) and triiodothyronine (T3) have an essential role in normal brain 

functioning. (e.g., Bernal, 2005; Bernal & Nunez, 1995; Dussault & 

Ruel, 1987; Rovet, 2014). They have a significant role in brain devel-

opment, affecting cell migration and differentiation, myelination, and 

synaptogenesis (Bernal, 2007). In the adult brain, they are involved in 

regulating energy consumption in processes like neurotransmission, 

memory, and other higher brain function, and they play an essential 

role in brain plasticity (e.g., Schroeder & Privalsky, 2014). 

Very few studies have examined the effect of thyroid deficiency on 

perception. These studies typically used specific tests to investigate the 

effect of hypothyroidism on particular perceptual abilities. Visual defi-

cits such as prolongation of reaction time (Jaiswal et al., 2016; Vedavathi 

et al., 2013), prolongation of latency, and reduction of the amplitude of 

visually evoked potentials (Holdew & Condon, 1989; Jaiswal et al. 2016), 

reduction of the critical fusion frequency of flicker (Dietzel et al., 2012), 

as well as color deficiencies (Cakir et al. 2015; Racheva et al., 2020) have 

also been observed in patients with acquired primary hypothyroidism.

Standard neurocognitive tests showed an association between 

the levels of thyroid hormones and the performance on visuospatial/

visuoconstructive tasks (e.g., Beydoun et al. 2015; Correia et al., 2009; 

Osterweil et al., 1992; Wang et al., 2013). Simic et al. (2013) obtained 

contradictory results on the role of thyroid hormone deficiency in chil-

dren and adolescents' visuospatial abilities using two different tasks: 

line orientation and mental rotation. This study allowed for identifying 

a common deficit in the hypothyroid group: their inability to integrate 

parts to form a unified whole.

One hypothesis about the effect of thyroid hormone reduc-

tion on visuospatial abilities is that it affects the development of the 

dorsal and the ventral system differently, that is, the where and what 

systems (e.g., Leneman et al., 2001). Substantial evidence based on 

electrophysiological studies in nonhuman primates and neurological 
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case studies support the segregation of the visual system into these 

two streams (Milner & Goodale, 1995). Both streams originate in the 

primary visual cortex. The ventral stream continues along the ventral 

surface into the temporal cortex, whereas the dorsal stream continues 

along the dorsal surface into the parietal cortex. The two streams have 

different functional properties. The dorsal stream is considered to 

be involved in spatial processing, motion, and goal-directed actions. 

The ventral stream is assumed to participate in object recognition and 

shape discrimination. The two streams are referred to as the where and 

what pathways to underlie their different connections to action and 

perception. Recent evidence suggests that the two streams do not work 

in isolation but interact with each other (e.g., Milner, 2017).

Both the ventral and dorsal streams are involved in visuospatial pro-

cessing, or the ability that allows a rich and fine-grained understanding 

of the visual world as the basis for efficient behavioral and cognitive 

interactions with the environment (Stiles et al., 2020). The role of the 

ventral stream is related to global-local processing, face perception, and 

spatial construction, whereas the dorsal stream – to spatial localization, 

spatial attention, and mental rotation (Stiles et al., 2020). Hence, the 

ventral and the dorsal stream differ by the visual features they process 

and by the tasks in which they are predominantly involved.

Using a battery of standard neuropsychological tests related to 

visuospatial abilities, Leneman et al. (2001) showed impaired process-

ing on the tests related predominantly to the processing in the where 

pathway that depended on the severity of early hypothyroidism. The 

standard tests the authors used implied the involvement of the dorsal 

and ventral streams. However, they could not differentiate the exact 

time when the two pathways intervened. To shed light on the devel-

opmental trajectory of the dorsal and ventral pathways, a later study 

by Simic and Rovet (2016) testing the effect of thyroid deficiency on 

visuospatial children's abilities obtained different results about the 

thyroid hormone effects on the where and what pathways during brain 

development.  The authors used localization and identity tasks with 

the same stimuli (buildings or faces) to separate the contribution of 

the dorsal and ventral pathways to task performance. In the first task, 

the participants were required to compare the position of two sequen-

tially presented photographs, while in the identity task – whether their 

content was the same. This later study showed more prominent effects 

of age on the ventral stream abilities and more deficient performance 

by the children with congenital hypothyroidism on the identity task 

tapping the ventral processes.

The contradictory results of the two studies underline the importance 

of task specificity in studying thyroid hormone effects on visuospatial 

abilities. It may explain the conflicting results from the standard psycho-

metric testing used for evaluating cognitive functions found in studies 

of the different cognitive functions in hypothyroidism like executive 

functions, memory, and perception. For example, some studies showed 

memory deterioration (Baldini et al., 1997; Burmeister et al., 2001; 

Mishra et al., 2018; Monzani et al., 1993; Pardo Campos et al., 2017). 

Kazhungil et al.(2015, p. 1) even stated that "memory deficits are the 

most consistent cognitive dysfunction associated with hypothyroidism." 

However, other authors claim no changes in memory (Bono et al., 2004), 

working memory (e.g., Simic et al., 2013; St John et al., 2009), or verbal 

memory (Kazhungi et al., 2015; Pandey et al., 2017). 

A question arises whether some of the controversial results on the thy-

roid effects on cognitive functions are not related to particular sensory 

deficits and to the involvement of both the dorsal and ventral systems 

in the standard neuropsychological battery of tests. It is unclear whether 

deficits in visuospatial skills in adult hypothyroidism observed on stand-

ard neuropsychological tests (e.g., Correia et al., 2009; Wang et al., 2013) 

are caused by the negative impact of reduced thyroid hormones on visual 

information processing. It is unclear which steam,  the ventral or the dor-

sal, is more affected or if the interaction of the two pathways is impaired. 

In the present study, we aimed to examine the effect of hypothyroid-

ism on the visuospatial abilities associated with the ventral and dorsal 

visual pathways. For this purpose, we applied specially designed tasks re-

quiring the integration of local spatial information. We used the so-called 

Glass patterns (GPs, Glass, 1969) that consist of randomly positioned dot 

pairs (dipoles) whose orientation determines the patterns' global struc-

ture. Static GPs require the integration of local orientation of the dipoles 

in a global form, and hence, their processing is expected to rely mainly 

on the ventral system. We also used a sequential presentation of the GPs 

with dipoles of a limited lifetime. This type of stimulation was similar to 

the so-called dynamic  GP produced by the sequential generation of in-

dependent static GPs. In processing the dynamic GPs, form and motion 

information interact (e.g., Donato et al., 2021). The detection thresholds 

showed similar effects of global shape as in static patterns, implying the 

involvement of temporal integration of the subsequent frames (Nankoo 

et al., 2012) and the interaction of the dorsal and ventral streams. 

To further separate the contributions of these pathways, we used 

two tasks. The first one, the center localization task, required distin-

guishing whether the virtual center of the radial patterns was shifted 

to the left or the right from the screen center. The second task, the 

shape discrimination task, required the detection of the global pattern 

structure: radial or concentric. In both tasks, we varied the signal-to-

noise ratio (coherence) of the patterns by changing the number of the 

dipoles destructing the global pattern structure. Both tasks could be 

performed based on the information in a single pattern. Hence, the 

potential interference of memory deficits was significantly reduced.

We hypothesized that the participants with hypothyroidism would 

perform worse than the control group in the static conditions due to 

a deficiency in integrating local spatial information into global forms. 

Also, the differences would be more substantial in the dynamic condi-

tions due to the reduced speed of information processing in this group 

(Mishra et al., 2018). Moreover, we expected that the differences in the 

patterns in the two tasks, asymmetrical in the localization task and sym-

metrical in the shape discrimination, would affect the performance. 

The interdot distance of the dipoles in GPs did not change 

throughout the experiments. Therefore, the local processing of GPs 

(i.e., dipole orientation detection) was constant. The two tasks differed 

in demands. The center localization task required dorsal pathway in-

volvement, as this stream is supposed to be involved in spatial vsion 

and visually guided action (Milner & Goodale, 1995).The second task 

involved the ventral pathway predominantly, as this pathway is thought 
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to subserve object recognition and identification. Therefore, compar-

ing the performance of newly-diagnosed hypothyroid patients with 

euthyroid controls and depending on the task and the stimulus type, 

we expected to obtain information on the causes of diminished visuos-

patial abilities due to reduced levels of thyroid hormones. The findings 

would potentially reveal the role of thyroid hormones on visuospatial 

processing in the adult brain.

METHODS

Apparatus

The stimuli were presented at the center of a 21 in. CRT calibrated color 

monitor (Sony GDM-500) with Intel(R) HD Graphics 630 graphic 

card at a spatial resolution of 1024 × 768 pixels and a frame rate of 60 

Hz. The background was grey with a mean luminance of 23 cd/m2. The 

observers sat in a dark room at a distance of 57 cm from the screen 

with a head fixed by a chin rest. The observation was binocular. At this 

distance, the screen dimensions were 30 × 40 °.

Participants
This cross-sectional study involved 52 female participants between 18 

and 54 years old: 26 patients with primary hypothyroidism (Mage = 37.2 

± 9.8, range = 18–53) who have not been treated with levothyroxine 

and 26 controls without thyroid dysfunction (Mage = 39.2 ± 8.5, range 

= 19–54). The upper age limit was chosen not to exceed 55 years to 

avoid possible visual deficits due to aging. The reason to select only 

female participants was to avoid gender bias. Only one participant had 

postoperative hypothyroidism and two were immunologically nega-

tive (most likely autoimmune thyroiditis immunologically negative). 

The rest of the group had autoimmune thyroiditis. The diagnosis of 

hypothyroidism was established by measuring the thyroid-stimulating 

hormone (TSH, normal range = 0.3–4 mU/l) and free thyroxine (FT4, 

normal range = 9–23 pmol/l). Also, antithyroperoxidase (Anti TPO-

At), and antithyroglobulin (Anti Tg-At) for both groups were meas-

ured. Participants with normal range hormones and serum antibodies 

were not included in the study as controls. As the results of the control 

participants were negative, they are not presented. For the hypothy-

roid group, free triiodothyronine (FT3, normal range = 3.5–7 pmol/l) 

was measured in addition (see Table 1). The blood serum tests were 

performed in the same clinical laboratory. In all participants, thyroid 

ultrasonography was performed by the same physician. Patients with 

subclinical hypothyroidism defined as normal FT4 and high TSH lev-

els, and patients with overt hypothyroidism defined as low FT4 with 

high TSH levels, participated in the study.

All participants underwent an ophthalmological examination, in-

cluding visual acuity, intraocular pressure, and retinoscopy. Information 

was obtained about each participant's medical history, medications, and 

hypothyroidism diagnosis. Participants with ophthalmic diseases or 

taking medicines known to affect vision were not included in the study. 

Visual acuity abnormalities were corrected with glasses or contact lens-

es. Participants with diabetes or other endocrinological diseases apart 

from hypothyroidism were also not included. Glasses that change light 

intensity or color were not allowed during the experiment.

The Institute of Neurobiology Bioethics Committee approved this 

study. Prior to the experiments, informed written consent was ob-

tained from all participants. The study was performed in accordance 

with the tenets of the Declaration of Helsinki.

Stimuli
For the two tasks, the stimulus generation started by randomly posi-

tioning fifty dots in a circular aperture with a radius of 450 px. Each 

of the dots in the initial pattern was paired with another one placed 30 

px away (1 ° under experimental viewing conditions). In this way, the 

stimuli consisted of 100 dots. 

Parameters Hypothyroid group Euthyroid control group p*

Number and gender 26 females 26 females –

Age (years) 37.2 ± 9.8 (18–53) 39.2 ± 8.5 (19–54) .453

Mean TSH1 (0.3–4 mlU/l) 16.9 ± 19.6 2.3 ± 1.1 .0008

Mean FT42 (9–23 pmol/l) 12.6 ± 3.19 14.9 ± 2.1 .0049

Mean FT33 (3.5–7 pmol/l) 4.8 ± 0.99 – –

Anti TPO-At4 positive, % 65.4% – –

Anti Tg-At5 positive, % 84.6% – –

TABLE 1.  
Characteristics of Hypothyroid and Euthyroid control groups

Note. TSH = thyroid-stimulating hormone, FT4 = free thyroxine, FT3 = free triiodothyronine, TPO-At = anti-thyroperoxidase, Tg-At = anti-thyroglobulin

*results of the t test for the differences between the groups.
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The stimulus occupied a circular area with a diameter of 15 °. The 

distance between the paired dots (dipoles) was 1.0 °; the dot's diameter 

was 0.3 °. The pattern density was 0.57 dots/ °2.

The stimuli differed by the dots' initial positions and the spatial 

relations between the dipoles conveying different global forms. The 

spatial arrangement of the dipoles determined the coherence (orderli-

ness) of the patterns and their global structure. The dipoles whose ori-

entation was aligned with the simulated global form were considered 

signal, whereas the dipoles with random orientation were considered 

noise. The coherence level was determined by the number of the signal 

dipoles. For both tasks, two different types of stimuli were generated. 

For the center localization task at 100% coherence, the dipoles formed 

radial patterns with the virtual center shifted either to the left or right 

by 120 px, that is, the dipoles were aligned to invisible lines crossing 

at a point moved away from the stimulus center. The shifted pattern 

center was 4 °, away from the screen center. Due to the dots' random 

initial positions and their low density, the exact location of the virtual 

pattern’s center varied slightly.

For the shape discrimination task at 100% coherence, the two types 

of stimuli were either concentric or radial patterns. In the first case, the 

dipoles were tangential to invisible concentric circles whereas in the 

second, they were aligned with virtual lines crossing in the stimulus 

center. We varied the coherence level by changing the orientation of 

a different number of dipoles. For each type of stimuli and task, pat-

terns with fifty different coherence levels were generated. The number 

of noise dipoles increased by one in each subsequent coherence level. 

There were ten exemplars for each coherence level. Depending on the 

participant’s response, patterns with the proper coherence level were 

randomly selected from among the existing exemplars. Figure 1 shows 

examples of patterns with 100% coherence.

We also generated dot patterns for two dynamic conditions that 

differed with respect to the static condition and the number of frames. 

In these conditions, one-third of the dot pairs were changed on every 

frame, keeping the overall coherence level unchanged. Thus, the dot 

pairs had a lifetime of three frames. The frame duration in one of the 

dynamic conditions (Flicker 1) was 100 ms, while in the other dynamic 

condition (Flicker 4) it was 400 ms. The 100 ms frame duration corre-

sponded to the temporal integration of neurons in the early visual areas 

(e.g., Burr, 1980), whereas the duration of 400 ms was more appropri-

ate for the occurrence of long-range apparent motion (e.g., Braddick, 

1980). Usually, the dynamic GPs consist of different stimuli with the 

same coherence and geometric transformation applied to the dipoles 

in the stimulus generation. Hence, the sequential patterns are uncorre-

lated. However, we kept a random portion of the patterns unchanged, 

similarly to the stimulus generation of random kinematograms with 

limited lifetime and asynchronous appearance of the dots.

Procedure
A red fixation point was presented at the screen center for 500 ms before 

each trial. The stimulus presentation included 30 frames with a dura-

tion of about 100 ms (for the static condition, the same stimulus was 

presented on all frames). The total stimulus duration was 3 s. In both 

tasks, the participants used the mouse buttons to indicate their choice.

All tasks started with 100% coherence. Two intermingled staircases 

(2 down, 1 up) were used. The staircase order was randomly selected on 

every trial, but the second staircase started no earlier than the fifth trial 

with a coherence of 20%. In this way, the first trials could be regarded 

as practice, as the stimuli could be clearly distinguished. The stimulus 

type on every trial was randomly selected, whereas the coherence level 

depended on the response correctness. The coherence level changed by 

FIGURE 1.

Example stimuli used in the center localization task (Panel A: center shifted to the left. Panel B: center shifted to the right) and in the 
shape discrimination task (Panel C: radial, Panel B: concentric) with 100% coherence.
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one pair of dots. The testing was terminated after 12 reversals or after 

the presentation of 120 trials.

Each experimental session lasted about 20-30 minutes and con-

tained a single temporal condition (static, Flicker 1, or Flicker 4). The 

experiments were performed on different days, with intervals depending 

on the availability of the participants. The order of the experimental ses-

sions and the tasks was counterbalanced across the participants.

Statistical Analyses
All analyses were performed in R (R Core Team, 2017). Two types of 

analyses were performed. The first one was based on the 70.9% thresh-

olds obtained from the averaged stimulus levels of response reversals in 

the staircase data. The other one was based on the proportion of correct 

responses received at all presented stimulus levels in the staircase proce-

dure. This analysis relied on having enough repetitions at most stimulus 

levels permitting to fit a psychometric function. The lme4 package (Bates 

et al., 2015) was used to evaluate the effect of the experimental factors 

on the thresholds of the participants and for fitting a psychophysical 

function to the proportion of correct responses and the coherence level. 

A generalized linear mixed model for a binomial distribution and logit 

link function (the default for binomial family) was used. This choice was 

based on having binary responses at the stimulus levels used. The count 

of the correct responses was assumed to be a binomial random variable. 

The mafc.logit(2) function from the psyphy package (Knoblauch, 2014) 

was used to fix the lower asymptote to 0.5 for a two-alternative forced-

choice task. The participants were considered a random factor, and 

group, task, and experimental condition were fixed factors. Models with 

random slopes and intercepts were tested. We checked the modeling re-

sults for overdispersion, homogeneity of the residuals, and outliers using 

the DHARMa package (Hartig, 2019).

The car package (Fox & Weisberg, 2019) was used to represent the 

main effects and interaction terms' significance more compactly as 

Wald's χ2 tests (Agresti, 2002).

RESULTS

We analyzed first the thresholds obtained in the two tasks separately. 

The analysis of variance (ANOVA) results for the influence of the 

group and the experimental condition showed that in the center loca-

tion task, the only significant effect was the experimental condition, 

χ2(2) = 156.65; p < .001. This effect was due to statistically significantly 

higher thresholds for the static than for the dynamic conditions. The 

effect of the group, χ2(1) = .04; p = .83, and of the interaction between 

the group and the conditions was not statistically significant, χ2(2) = 

1.08; p = .58.

In the shape discrimination task, both main effects were significant, 

χ2(2) = 44.49; p <. 001, for the effect of condition and χ2(1) = 4.06; p 

< .05, for the group effect, whereas the interaction between them was 

not statistically significant, χ2(2) = 2.18; p = .33. The thresholds for the 

hypothyroid group were higher than for the control group. There were 

significant differences between the thresholds for the static condition 

and the dynamic conditions, with higher thresholds for the static condi-

tion. Figure 2 presents the mean thresholds for both tasks and the three 

experimental conditions.

The analyses on the thresholds obtained in both tasks showed a 

similar effect of the tasks' temporal characteristics, with a mildly in-

ferior performance for the patient group in the shape discrimination 

task. However, in this task, the performance might have depended on 

the stimulus type: radial or concentric. In addition to using the thresh-

olds to describe participant performance, we used the raw data and fit 

a psychometric function of the type: 

ψ(x) = γ + (1-γ) * fun(x)			                     (1)

to describe the effect of stimulus coherence on the proportion of 

correct responses. In Equation 1, γ = 0.5 characterizes the probability 

of guessing in a two-alternative forced-choice task, and fun(x) is the 

logistic function. In this way, all data were used, and some additional 

comparisons related to the type of stimuli could be made

We wanted to test the following questions:

1. Are there different effects in temporal and spatial integration 

between the two groups depending on the task?

2. For each task, does the performance differ depending on the type 

of stimuli?

To answer the first question, we tested the effect of the task, the 

experimental condition, the coherence level, the group, and their inter-

actions on the proportion of correct responses.

The modeling results showed significant effects of all main factors. 

For the coherence level, Wald’s χ2(1) was equal to 214.21 (p < .001). 

The effect of the task, χ2(1) = 10.46; p < .001, was due to the worse 

performance in the center location task (average proportion correct 

of 72.51% [70.34–74.71] in the center location task vs. 76.43% [74.29–

78.56] in the shape discrimination task). The effect of condition, χ2(2) 

= 294.19; p < .001, represents the statistically significant difference in 

the proportion of correct responses between all conditions (63.88% 

[61.74–66.21] for the static condition, 81.35% [79.25–83.39] for Flicker 

1, and 76.70% [74.51–78.88] for Flicker 4). The control group perfor-

mance exceeded that of the patient group (76.35% [73.24–79.42] cor-

FIGURE 2.

Averaged thresholds for the control and patient groups for the 
two tasks and the three experimental conditions. The error bars 
indicate the 95% CIs.
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rect responses compared to 72.71% [69.98–75.47] for patients; χ2(1) = 

4.26; p < .05).

If the performance of the two groups varied differently depending 

on the task, there should be significant interactions between the group 

and the other factors. The results showed a nonsignificant interaction 

between the group and the task, χ2(1) = 1.84; p = .18, implying that the 

center localization task was more difficult for both groups. However, 

there was a significant interaction between the experimental condition 

and the group, χ2(2) = 12.19; p < .005 due to the larger difference be-

tween the proportion of correct responses in the dynamic conditions 

and the static condition for the control group compared to the patient 

group. The interaction between the group, the condition, and the task 

was not statistically significant, χ2(2) = .08; p = .96. Hence, the task did 

not modify the effect of the condition on the task performance of the 

groups. However, there was a statistically significant interaction between 

the group, coherence, condition, and task, χ2(2) = 19.23, p < .001.

The fitted psychometric functions and their 95% confidence in-

tervals are presented in Figure 3 for the two tasks and the different 

experimental conditions. This figure illustrates the interaction between 

group, condition, task, and coherence level. The figure shows that the 

two groups differed more in the dynamic conditions, with the most 

considerable difference in their performance being in the Flicker 4 

condition in the shape discrimination task. There was a difference 

between the two groups in the center location task in the Flicker 1 

condition and in the shape discrimination task in the Flicker 4 condi-

tion. Moreover, the center location task proved to be more difficult for 

both groups, as shown by the lower proportion of correct responses, 

especially in locating the center position in the static condition.

These results show that the experimental conditions statistically 

significantly affected the performance on the two tasks, and that this 

influence was not the same for the two groups.

Figure 4 represents the triple interaction between the group, the 

condition, and the task. It illustrates the similarity in the effects of the 

dynamic conditions on the participants' ability to discriminate the 

center positions and the global shapes.

To evaluate the effect of stimulus type on the sensitivity for dis-

criminating pattern’ shape or locating the pattern center depending 

on its position to an implicit reference, we calculated the proportion 

of correct responses for all participants in a given group for each ex-

perimental condition (see Figures 5 and 6). We modeled the effects of 

stimulus type, coherence level, and group on these proportions. The 

results showed statistically significant differences between the propor-

tion of correct responses of the two groups for radial stimuli in the 

Flicker 1 condition, χ2(1) = 5.98; p < .05, the static condition, χ2(1) = 

25.32; p < .001, and for all conditions for the concentric stimuli, χ2(1) 

FIGURE 3.

Fitted psychometric functions for the two tasks and in the different experimental conditions with 95% CIs.

FIGURE 4.

Mean proportion correct for the control and patient groups for 
the two tasks and the three experimental conditions. The error 
bars indicate 95% CIs.
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= 23.092; p < .001, for the Flicker 1, χ2(1) = 7.84; p < .001, for Flicker 4, 

and χ2(1) = 22.82; p < .001, for the static condition, respectively. For the 

concentric stimuli, the proportion of correct responses for the control 

group exceeded that of the patients; for the radial stimuli, the opposite 

result was obtained. 

The results show that in both dynamic conditions with elements of 

a limited lifetime (Flicker 1 and Flicker 4), performance on the shape 

discrimination task differed depending on the stimulus type. This find-

ing suggests that the two ex groups have a different sensitivity to the 

level of added noise, and this sensitivity varies depending on stimulus 

type. The differences between the two groups are more considerable 

when the stimuli are concentric than radial patterns.

No statistically significant differences in the percentage of correct 

responses was observed between the two groups for the center position 

to the left. However, in dynamic conditions, a statistically significant 

difference in performance was observed for stimulus center to the 

right, χ2(1) = 11.51; p < .001, for the Flicker 1 condition and χ2(1) = 

5.93; p < .05, for the Flicker 4 condition, respectively, with a higher 

proportion of correct responses for the control than the patient group. 

Figure 7 shows the fitted psychometric functions for the two tasks in 

different experimental conditions for the different stimulus types.

DISCUSSION

We aimed to test the hypothesis that hypothyroidism affects the ability 

to integrate spatial information in untreated patients in tasks involv-

ing different ventral and dorsal pathway participation. This hypothesis 

FIGURE 5.

Mean proportion of correct responses for the radial and the 
concentric patterns for both groups and the three experimental 
conditions.

FIGURE 6.

Mean proportion of correct responses for the pattern center 
shifted to the left and the right for both groups and the three 
experimental conditions.

FIGURE 7.

Fitted psychometric functions for the two tasks in the different experimental conditions for the different types of stimuli 
with 95% CIs.
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stems from the existing data (e.g., Leneman et al., 2001) that even after 

treatment, children and adults with congenital hypothyroidism show 

mildly deteriorated visuospatial abilities. However, as Simic and Rovet 

(2016) suggested, this effect might be due to the negative impact of 

hypothyroidism on the visual system development, more precisely the 

ventral system. This suggestion implies that hypothyroidism occurring 

in later years, when visual functions are fully developed, would not af-

fect visuospatial abilities. 

However, our data show some differences in performance between 

euthyroid and hypothyroid groups on tasks requiring spatiotemporal 

integration, suggesting that the thyroid hormone plays a role in neu-

rotransmission. Thyroid hormones increase the activity of the Na+/

K+ATPase and are a potential link to the Na+ current regulation 

(Dietzel, 2012). To better understand this role, we will consider both 

the similarities and the differences in group performance.

For both groups, the center location task was more difficult, as 

evident from the higher coherence thresholds and the lower number 

of correct responses for this task than for the shape discrimination one. 

This difference might be due to the stimulus characteristics: asymmet-

ric in the center localization task and symmetric in the shape discrimi-

nation task. The visual system is highly sensitive to symmetry. It plays a 

significant role in perceptual organization. Symmetry can be detected 

even for very short presentation times (e.g., 25 ms in Carmody et al., 

1977, 50 ms in Marković & Gvozdenović, 2001). Symmetrical shapes 

are detected easier than asymmetric ones (Machilsen et al., 2009). 

Interestingly, the detection thresholds for symmetry and GPs are 

similar (van der Helm, 2014). However, global perceptual regularity 

is perturbed in the radial patterns with a shifted center. Moreover, the 

localization of the center of the radial pattern required finding the in-

tersection of the virtual lines connecting the dipoles, that is, extrapolat-

ing these lines to a common point, a task that might be more difficult at 

the low dot density of the stimuli.

In both tasks and for both groups, the dynamic conditions im-

proved task performance. It is well known that the detection thresholds 

for dynamic GPs are lower than for static ones (Burr & Ross, 2006; 

Donato et al., 2021; Nankoo et al., 2012; Or et al., 2010; Pavan et al., 

2017). However, in the dynamic GPs, no correlation exists between 

the paired dots presented in the sequential frames, that is, on every 

frame, a newly generated pattern is presented. In contrast, in our study, 

only one-third of the paired dots changed position. Hence, there was 

a partial correlation in the positional information of the paired dots in 

our conditions. As shown by fMRI data, the dynamic GPs invoke activ-

ity in the dorsal system similar to real motion, whereas ventral system 

activation differs depending on the motion type (real or implied; here, 

we used the terminology of Krekelberg et al., 2005, for the apparent 

motion occurring in the dynamic GPs). As the dynamic stimuli in our 

tasks did not induce global motion percepts but apparent local mo-

tion (see the Supplemental Materials), one may expect that they did 

not invoke the same activity in the dorsal system as the dynamic GPs.

The improved performance in the dynamic conditions may be due 

to the increased number of dipoles during the sequential presentation, 

and their temporal integration strengthened the signals determining 

the pattern shape. 
We tested the possibility that the participants' performance depends 

not only on the task but also on the stimulus type. Before, it wass un-

clear why radial patterns with the center shifted to the left or to the right 

would be discriminated with different precision. In contrast, the radial 

and the concentric GPs differ by the curvature of their implied contours, 

and this difference might affect their discrimination. Our findings 

showed that the pattern type affected the performance of the two groups 

differently. The significant main effect of the stimulus type in the center 

localization task implies that the performance was better when the pat-

tern center was shifted to the left. This asymmetry in performance might 

be due to spatial attention allocation. Research has shown an asymmetry 

in visuospatial attention allocation in healthy individuals (young or 

middle-aged), leading to a leftward spatial bias (Bowers & Heilman, 

1980). For example, in the line bisection task, the perceived center is 

shifted to the left. However, our results showed a significant difference 

in the proportion of correct responses between the two groups for the 

center shifted to the right, with better performance for the control group. 

This result might be due to the control group's better ability to reallocate 

attention to the right under cognitive load. The experimental evidence 

shows a rightward shift of visuospatial attention in higher cognitive 

load conditions (Naert et al., 2018; Pérez et al., 2009). Poorer attention 

is observed in congenital hypothyroidism (e.g., Rovet & Alvarez, 1996) 

and adult-onset hypothyroidism (Osterweil et al., 1992). As we had no 

means to evaluate attention allocation in the present study, this hypoth-

esis is speculative and requires further evidence.

Our results suggest a tendency for local spatial information in-

tegration to deteriorate in patients with hypothyroidism in dynamic 

conditions in both center localization and shape discrimination tasks. 

This finding might be caused by the reduced speed of information 

processing in the patient' group (Mishra et al., 2018). A decrease in 

the conduction velocity can also explain the differences between the 

two groups. It might increase the correspondence noise between the 

dipoles in the temporal integration window due to their increased 

number. Thyroid hormones are essential for the development of glial 

tissue, and their deficiency can lead to the demyelination of neurons 

(Bernal & Nunez, 1995; Calzà et al., 2015; Mohácsik et al., 2011; 

Pinazo-Durán et al., 2011). They are essential for developing oligo-

dendrocytes and for helping their movement in places where there is 

a lack of myelin (Dugas et al., 2012). Neuron remyelination has been 

observed in multiple sclerosis with the induction of high doses of thy-

roxine in rats (Payghani et al., 2018). There are no data in the literature 

to confirm that hypothyroidism leads to demyelination of neurons in 

humans, but we can speculate that demyelination is an additional fac-

tor for changes in integrating spatiotemporal information in patients 

with hypothyroidism.

Our results also showed an impaired ability to detect curvature in 

the patient group. In tasks involving detecting straight contours, as is 

the case with radial patterns and, to some extent, locating the shifted 

pattern center position, the two groups' performance was more similar. 

Previous experimental data showed slightly lower thresholds for de-
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tecting concentric than radial patterns (Achtman et al., 2003; Wilson 

& Wilkinson, 1998) or no statistically significant differences between 

them in different tasks (e.g., Chung & Khuu, 2014; Lee & Lu, 2010; 

Schmidtmann et al., 2015). However, in a study by Chen (2009), the au-

thor found that circular GPs were significantly easier to perceive than 

radial GPs. Wilson and Wilkinson (1998) suggested that the spatial 

integration in concentric GPs was stronger as the neurons in area V4 

preferred curved to straight contours. The shape discrimination task in 

our study could be solved not by discriminating the shape of the GPs 

but by detecting the presence of either curved or straight contours. The 

patients' inferior performance for the concentric shapes may indicate a 

deficiency in visual information processing in the ventral stream.

In sum, our results showed that the euthyroid and hypothyroid 

groups differed in their performance depending on the type of stimuli, 

the difference being more considerable in the dynamic conditions. 

Could there be a common factor that explains the hypothyroid pa-

tients' inferior performance compared to the control group in the 

different experimental conditions? A factor affecting processing speed, 

attention allocation, and ventral stream processing,  related to deficient 

thyroid hormone? We suggest that it could be the lower dopamine 

levels in the patient group.

It is well known that dopamine is one of the major neurotransmit-

ters in mediating visual functions in the retina (Brandiesa & Yehuda, 

2008; Caravaggioa et al., 2018; Djamgoz et al., 2007; Farshi et al., 2016; 

Witkovsky, 2004). Low dopamine levels (Dietzel et al., 2012; Ito et al., 

1977) and an increase in dopamine receptor concentration and sen-

sitivity (Crocker et al., 1986) were found in hypothyroidism in rats. 

There is a negative feedback between dopamine secretion and TSH 

levels (Delitala, 1977). Tyrosine is an aminoacid that is the precursor 

to both thyroid hormone and dopamine, so high TSH levels and low 

thyroid hormones can cause low dopamine levels.

Dopamine has an important role in light adaptation and eye growth 

and affects visual contrast sensitivity, spatial contrast sensitivity, and 

temporal sensitivity (Djamgoz et al., 2007; Witkovsky, 2004).

Dopamine has complex effects on different cognitive functions. 

Vitay and Hamker (2008) discussed its impact on visual processing, 

focusing on its influence on the ventral system's cortical areas, its 

role on attention and attention shifting, and working memory. Lower 

performance in the dynamic conditions for the patient group could 

also be linked to dopamine’s effect on the neural signal-to-noise ratio 

(e.g., Winterer & Weinberger, 2004). The stimulus presentation in the 

flicker conditions had two effects: it increased the dipole number and 

created correspondence noise due to apparent motion occurrence 

between the sequentially presented dots. Yousif et al. (2016) showed 

that dopaminergic activation could affect perceptual performance by 

reducing the disruptive effects of increased neuronal noise. Hence, low 

levels of dopamine may have had adverse effects on the performance in 

our tasks’ dynamic conditions.

In summary, the present results showed subtle differences in 

spatiotemporal integration of visual information in patients newly 

diagnosed with hypothyroidism. The observed differences suggest that 

even when the visual system is fully developed, the TSH deficiency af-

fects the visuospatial abilities and spatial attention in the hypothyroid 

group. Whether these deficiencies will recover after the inclusion of 

hormone replacement therapy is the subject of our future study.

Our study involved a relatively small sample over a wide age range. 

This choice could be regarded as an asset, as the chosen range covers 

the age of occurrence of hypothyroidism while avoiding the aging ef-

fects. However, it also implies increased response variability that might 

hinder group differences. In future studies, it might be advantageous to 

increase the sample or restrict the participants’ age.

ACKNOWLEDGEMENTS
This study was supported by Bulgarian National Science Fund 

(Grant № DN 13/11 from Dec 19, 2017).

The authors report no conflicts of interest.

DATA AVAILABILITY
The data are available from the authors upon request. The 

Supplemental Materials are available at https://osf.io/87buj/

REFERENCES
Achtman, R. L., Hess, R. F., & Wang Y. Z. (2003). Sensitivity for global 

shape detection. Journal of Vision, 3, 616–624. doi: 10.1167/3.10.4 

Agresti, A. (2002). Categorical data analysis. 2nd edition. John Wiley 

& Sons, Inc.

Baldini, M., Vita, A., Mauri, M. C., Amodei, V., Carrisi, M., Bravin, 

S., & Cantalamessa, L. (1997). Psychopathological and cogni-

tive features in subclinical hypothyroidism. Progress in Neuro-

Psychopharmacology & Biological Psychiatry, 21, 925–935. doi: 

10.1016/s0278-5846(97)00089-4 

Bates, D., Maechler M., Bolker B., & Walker S. (2015). Fitting linear 

mixed-effects models using lme4. Journal of Statistical Software, 67, 

1-48. doi: 10.18637/jss.v067.i01 

Bernal, J. (2005). Thyroid hormones and brain development. Vitamins 

& Hormones, 71, 95–122. doi: 10.1016/S0083-6729(05)71004-9 

Bernal, J. (2007). Thyroid hormone receptors in brain development 

and function. Nature Clinical Practice. Endocrinology & Metabolism, 

3, 249–259. doi: 10.1038/ncpendmet0424 

Bernal, J., & Nunez, J. (1995). Thyroid hormones and brain devel-

opment. European Journal of Endocrinology, 133, 390–398. doi:  

10.1530/eje.0.1330390 

Beydoun, M. A., Beydoun, H. A., Rostant, O. S., Dore, G. A., Fanelli-

Kuczmarski, M. T., Evans, M. K., & Zonderman, A. B. (2015). 

Thyroid hormones are associated with longitudinal cognitive change 

in an urban adult population. Neurobiology of Aging, 36, 3056–3066. 

doi: 10.1016/j.neurobiolaging.2015.08.002 

Bono, G., Fancellu, R., Blandini, F., Santoro, G., & Mauri, M. (2004). 

Cognitive and affective status in mild hypothyroidism and interac-

tions with L-thyroxine treatment. Acta Neurologica Scandinavica, 

110, 59–66. doi: 10.1111/j.1600-0404.2004.00262.x 

Bowers, D., & Heilman, K. M. (1980). Pseudoneglect: Effects of hemi-

space on a tactile line bisection task. Neuropsychologia, 18, 491–498. 

doi: 10.1016/0028-3932(80)90151-7 

http://www.ac-psych.org
https://osf.io/87buj/


ADVANCES IN COGNITIVE PSYCHOLOGYRESEARCH ARTICLE

http://www.ac-psych.org2022 • volume 18(2) • 144-155153

Braddick, O. J. (1980). Low-level and high-level processes in apparent 

motion. Philosophical Transactions of the Royal Society London B, 

290, 137–151. doi: 10.1098/rstb.1980.0087 

Brandiesa, R., & Yehuda S. (2008). The possible role of retinal dopamin-

ergic system in visual performance. Neuroscience & Biobehavioral 

Reviews, 32, 611–656. doi: 10.1016/j.neubiorev.2007.09.004 

Burmeister, L. A., Ganguli, M., Dodge, H. H., Toczek, T., Dekosky, S. T., 

& Nebes, R. D. (2001). Hypothyroidism and cognition: preliminary 

evidence for a specific defect in memory. Thyroid, 11, 1177–1185. 

doi: 10.1089/10507250152741037 

Burr, D. (1980). Motion smear. Nature, 284, 164–165. doi:  

10.1038/284164a0 

Burr, D., & Ross, J. (2006). The effects of opposite-polarity dipoles on 

the detection of Glass patterns. Vision Research, 46, 1139–1144. doi: 

10.1016/j.visres.2005.09.018 

Cakir, M., Turgut Ozturk, B., Turan, E., Gonulalan, G., Polat, I., & 

Gunduz, K. (2015). The effect of hypothyroidism on color contrast 

sensitivity: A prospective study. European Thyroid Journal, 4, 43–47. 

doi: 10.1159/000371549 

Calzà, L., Fernández, M., & Giardino, L. (2015). Role of the thyroid 

system in myelination and neural connectivity. Comprehensive 

Physiology, 5, 1405–1421. doi: 10.1002/cphy.c140035 

Caravaggioa, F., Scifoc, E., Sibillec, E. L., Hernandez-Da Mota, S. 

E., Gerretsena, P., Remingtona, G., & Graff-Guerrero, A. (2018). 

Expression of dopamine D2 and D3 receptors in the human retina 

revealed by positron emission tomography and targeted mass spec-

trometry. Experimental Eye Research, 175, 32–41. doi: 10.1016/j.

exer.2018.06.006 

Carmody, D. P., Nodine, C. F., & Locher, P. J. (1977). Global detection 

of symmetry. Perceptual and Motor Skills, 45(3pt2), 1267–1273. doi: 

10.2466/pms.1977.45.3f.1267 

Chen, C.-C. (2009). A masking analysis of glass pattern perception. 

Journal of Vision, 9, 22. doi: 10.1167/9.12.22 

Chung, C. Y., & Khuu, S. K. (2014). The processing of coherent global 

form and motion patterns without visual awareness. Frontiers in 

Psychology, 5, 195. doi: 10.3389/fpsyg.2014.00195 

Correia, N., Mullally, S., Cooke, G., Tun, T. K., Phelan, N., Feeney, J., 

Fitzgibbon, M., Boran, G., O'Mara, S., & Gibney, J. (2009). Evidence 

for a specific defect in hippocampal memory in overt and sub-

clinical hypothyroidism. The Journal of Clinical Endocrinology and 

Metabolism, 94, 3789–3797. doi: 10.1210/jc.2008-2702 

Crocker, D., Overstreet, D. H., & Crocker, J. M. (1986). Hypothyroidism 

leads to increased dopamine receptor sensitivity and concentra-

tion. Pharmacology Biochemistry & Behavior, 24, 1593–1597. doi: 

10.1016/0091-3057(86)90491-0 

Delitala, G. (1977). Dopamine and TSH secretion in man. Lancet, 2, 

760–761. doi: 10.1016/s0140-6736(77)90259-8 

Dietzel, D., Mohanasundaram, S., Niederkinkhaus, V., Hoffmann, G., 

Meyer, J. W., Reiners, C., Blasl, C., & Bohr, K. (2012). Thyroid hor-

mone effects on sensory perception, mental speed, neuronal excit-

ability and ion channel regulation.  In N. K. Agrawal (Ed.), Thyroid 

hormone, vol. 4 (pp. 85–122). InTechOpen.

Djamgoz, M. B. A., Hankins, M. W., Hirano, J., & Archerp, S. N. (1997). 

Neurobiology of retinal dopamine in relation to degenerative states 

of the tissue. Vision Research, 37, 3509–3529. doi: 10.1016/S0042-

6989(97)00129-6 

Donato, R., Pavan, A., Almeida, J., Nucci, M., & Campana, G. (2021). 

Temporal characteristics of global form perception in translational 

and circular Glass patterns. Vision Research, 187, 102–109. doi: 

10.1016/j.visres.2021.06.003 

Dugas, J. C., Ibrahim, A., & Barres, B. A. (2012). The T3-induced gene 

KLF9 regulates oligodendrocyte differentiation and myelin regen-

eration. Pharmacology Biochemistry & Behavior, 50, 45–57. doi: 

10.1016/j.mcn.2012.03.007 

Dussault, J. H., & Ruel, J. (1987). Thyroid hormones and brain devel-

opment. Annual Review of Physiology, 49, 321–334. doi: 10.1146/

annurev.ph.49.030187.001541 

Farshi, P., Fyk-Kolodziej, B., Krolewski, D. M., Walker, P. D., & 

Ichinose, T. (2016). Dopamine D1 receptor expression is bipolar cell 

type-specific in the mouse retina. Journal of Comparative Neurology, 

524, 2059–2079. doi: 10.1002/cne.23932 
Fox, J. & Weisberg, S. (2019) An R companion to applied regression. Sage.

Glass, L. (1969). Moire effect from random dots. Nature, 223, 578–580. 

doi: 10.1038/223578a0 

Hartig, F. (2020). DHARMa: Residual Diagnostics for Hierarchical   

(Multi-Level / Mixed) Regression Models. R package version 0.2.7. 

Retrieved from https://CRAN.R-project.org/package=DHARMa

Holder, G. E., & Condon, J. R. (1989). Pattern visual evoked potentials 

and pattern electroretinograms in hypothyroidism. Documenta 

ophthalmologica. Advances in Ophthalmology, 73, 127–131. doi: 

10.1007/BF00155030 

Ito, J. M., Valcana, T., & Timiras, P. S. (1977). Effect of hypo- and hy-

perthyroidism on regional monoamine metabolism in the adult rat 

brain. Neuroendocrinology, 24, 55–64. doi: 10.1159/000122696 

Jaiswal, P., Saxena, Y., Gupta, R., & Kaushik, R. M. (2016). Pattern 

reversal visual evoked potential and cognitive functions in subclini-

cal hypothyroid subjects. Journal of Neurosciences in Rural Practice, 

7(Suppl 1), S46–S51. doi: 10.4103/0976-3147.196470 

Kazhungil. F., Haveri, S., Mohan, M., Rajmohan, V., & Sukumar, R. 

(2015). Cognitive functions in subclinical hypothyroidism – a system-

atic review and meta-analysis. Annals of Medicine, 2, 331–339. 

Knoblauch, K. (2014). Psyphy: Functions for analyzing psycho-

physical data in R. Retrieved from https://CRAN.R-project.org/

package=psyphy

Krekelberg, B., Vatakis, A., & Kourtzi, Z. (2005). Implied motion from 

form in the human visual cortex. Journal of Neurophysiology, 94, 

4373–4386. doi: 10.1152/jn.00690.2005 

Kurki, I., Laurinen, P., Peromaa, T., & Saarinen, J. (2003). Spatial integration 

in Glass patterns. Perception, 32, 1211–1220. doi: 10.1068/p5102 

Lee, A. L. F., & Lu, H. (2010). A comparison of global motion per-

ception using a multiple-aperture stimulus. Journal of Vision, 10, 

9.1–9.16. 

Leneman, M., Buchanan, L., & Rovet, J. (2001). Where and what visu-

ospatial processing in adolescents with congenital hypothyroidism. 

http://www.ac-psych.org
https://CRAN.R-project.org/package=DHARMa 
https://CRAN.R-project.org/package=psyphy
https://CRAN.R-project.org/package=psyphy


ADVANCES IN COGNITIVE PSYCHOLOGYRESEARCH ARTICLE

http://www.ac-psych.org2022 • volume 18(2) • 144-155154

Journal of the International Neuropsychological Society, 7, 556–562. 

doi: 10.1017/S1355617701755038 

Machilsen, B., Pauwels, M., & Wagemans, J. (2009). The role of verti-

cal mirror symmetry in visual shape detection. Journal of Vision, 9, 

1–11. doi: 10.1167/9.12.11 

Marković, S. & Gvozdenović, V. (2001). Symmetry, complex-

ity and perceptual economy: Effects of minimum and maxi-

mum simplicity conditions. Visual Cognition, 8, 305–327. doi:  

10.1080/13506280143000025 

Milner, A. D. & Goodale, M. A., (1995). The visual brain in action. 

Oxford University Press.

Milner A. D. (2017). How do the two visual streams interact with each 

other? Experimental Brain Research, 235, 1297–1308. doi: 10.1007/

s00221-017-4917-4 

Mishra, P., Preethi, B. L., & Kalra, P. (2018). Neurophysiological and 

neuropsychological analysis of the cognitive functions in dysthyroid 

female patients. Neurophysiology, 50, 183–188. doi: 10.1007/s11062-

018-9735-1 

Mohácsik, P., Zeöld, A., Bianco, A. C., & Gereben, B. (2011). Thyroid 

hormone and the neuroglia: Both source and target. Journal of 

Thyroid Research, 2011, 215718. doi: 10.4061/2011/215718 

Monzani, F., Del Guerra, P., Caraccio, N., Pruneti, C. A., Pucci, E., Luisi, 

M., & Baschieri, L. (1993). Subclinical hypothyroidism: neurobe-

havioral features and beneficial effect of L-thyroxine treatment. The 

Clinical Investigator, 71, 367–371. doi: 10.1007/BF00186625 

Naert, L., Bonato, M., Miatton, M., Hemelsoet, D., Leyman, A., Helin, 

B., De Burck, E., Boon, P., & Fias, W. (2018). Asymmetric spatial 

processing under cognitive load: Not only in neglect patients, but 

also in healthy participants. Frontiers in Psychology, 9, 583. doi: 

10.3389/fpsyg.2018.00583 

Nankoo, J. F., Madan, C. R., Spetch, M. L., & Wylie, D. R. (2012). 

Perception of dynamic glass patterns. Vision Research, 72, 55–62. 

doi: 10.1016/j.visres.2012.09.008 

Or, C. C. F., Khuu, S. K., & Hayes, A. (2010). Moving glass patterns: 

asymmetric interaction between motion and form. Perception, 39, 

447–463. doi: 10.1068/p5917 

Osterweil, D., Syndulko, K., Cohen, S. N., Pettler-Jennings, P. D., 

Hershman, J. M., Cummings, J. L., Tourtellotte, W. W., & Solomon, 

D. H. (1992). Cognitive function in non-demented older adults 

with hypothyroidism. Journal of the American Geriatrics Society, 40, 

325–335. doi: 10.1111/j.1532-5415.1992.tb02130.x 

Pandey, V. P., Singh, T., & Singh, S. K. (2017). Verbal episodic memory 

in young hypothyroid patients. Indian Journal of Endocrinology and 

Metabolism, 21, 812–814. doi: 10.4103/ijem.IJEM_170_17 

Pardo Campos, M. L., Musso, M., Keselman, A., Gruñeiro, L., Bergadá, 

I., & Chiesa, A. (2017). Cognitive profiles of patients with early de-

tected and treated congenital hypothyroidism. Archivos Argentinos 

de Pdiatria, 115, 12–17. doi: 10.5546/aap.2017.eng.12 
Pavan, A., Ghin, F., Donato, R., Campana, G., & Mather, G. (2017). The 

neural basis of form and form-motion integration from static and dy-

namic translational Glass patterns: A rTMS investigation. NeuroImage, 

157, 555–560. doi: 10.1016/j.neuroimage.2017.06.036 

Payghani, C., Khani, F., Rafieezadeh, A., Reisi, P., Alaei, H., & Rashidi, 

B. (2018). Effects of levothyroxine on visual evoked potential im-

pairment following local injections of lysolecithin into the rat optic 

chiasm. International Journal of Preventive Medicine, 9, 18. doi: 

10.4103/ijpvm.IJPVM_418_16 

Pérez, A., Peers, P. V., Valdes-Sosa, M., Galan, L., Garcia, L., & 

Martinez-Montes, E. (2009). Hemispheric modulations of alpha-

band power reflect the rightward shift in attention induced by en-

hanced attentional load. Neuropsychologia, 47, 41–49. doi: 10.1016/j.

neuropsychologia.2008.08.017 

Pinazo-Durán, M. D., Pons-Vázquez, S., Gallego-Pinazo, R., Galbis 

Estrada, C., Zanón-Moreno, V., Vila Bou, V., & Sanz Solana, P. 

(2011). Thyroid hormone deficiency disrupts rat eye neurode-

velopment. Brain Research, 1392, 16–26. doi: 10.1016/j.brain-

res.2011.04.005 

R Core Team (2017). R: A language and environment for statistical com-

puting. Retrieved from https://www.R-project.org/

Racheva, K., Totev, T., Natchev, E., Bocheva, N., Beirne, R., & Zlatkova, 

M. (2020). Color discrimination assessment in patients with hypo-

thyroidism using the Farnsworth-Munsell 100 hue test. Journal of 

the Optical Society of America. A, Optics, Image Science, and Vision, 

37, A18–A25. doi: 10.1364/JOSAA.382390 

Ross, J., Badcock, D. R., & Hayes, A. (2000). Coherent global motion 

in the absence of coherent velocity signals. Current Biology, 10, 

679–686. doi: 10.1016/S0960-9822(00)00524-8 

Rovet, J. F., & Alvarez, M. (1996). Thyroid hormone and attention in 

congenital hypothyroidism. Journal of Pediatric Endocrinology and 

Metabolism, 9, 63-6. doi: 10.1515/jpem.1996.9.1.63 

Rovet, J. F. (2014). The role of thyroid hormones for brain development 

and cognitive function. Endocrine Development, 26, 26–43. doi: 

10.1159/000363153 

Schmidtmann, G., Jennings, B. J., Bell, J., & Kingdom, F. A. (2015). 

Probability, not linear summation, mediates the detection of con-

centric orientation-defined textures. Journal of Vision, 15, 6. doi: 

10.1167/15.16.6 

Sharman, R. J., & Gheorghiu, E. (2017). The role of motion and num-

ber of element locations in mirror symmetry perception. Scientific 

Reports, 7, 45679. doi: 10.1038/srep45679 

Schroeder, A. C., & Privalsky, M. L. (2014). Thyroid hormones, t3 

and t4, in the brain. Frontiers in Endocrinology, 5, 40. doi: 10.3389/

fendo.2014.00040 

Simic, N., Khan, S., & Rovet, J. (2013). Visuospatial, visuopercep-

tual, and visuoconstructive abilities in congenital hypothyroidism. 

Journal of the International Neuropsychological Society, 19, 1119–

1127. doi: 10.1017/S1355617713001136 

Simic, N., & Rovet, J. (2016). Dorsal and ventral visual streams: Typical 

and atypical development. Child Neuropsychology, 23, 678–691. doi: 

10.1080/09297049.2016.1186616 

Stiles, J., Akshoomoff, N. A., Haist, F. (2020). The development of 

visuospatial processing, In J. Rubenstein, P. Rakic, B. Chen, & K. Y. 

Kwan (Eds.), Neural circuit and cognitive development (2nd ed.) (pp. 

359–393). Elsevier.

http://www.ac-psych.org
https://www.R-project.org/


ADVANCES IN COGNITIVE PSYCHOLOGYRESEARCH ARTICLE

http://www.ac-psych.org2022 • volume 18(2) • 144-155155

St John, J. A., Henderson, V. W., Gatto, N. M., McCleary, C. A., Spencer, 

C. A., Hodis, H. N., & Mack, W. J. (2009). Mildly elevated TSH and 

cognition in middle-aged and older adults. Thyroid, 19, 111–117. 

doi: 10.1089/thy.2008.0226 

van der Helm, P. A. (2014). Symmetry perception. In J. Wagemans 

(Ed.), Oxford handbook of perceptual organization. Oxford 

University Press.

Vedavathi, K. J, Shekharappa, K. R., & Venkatesh, G. (2013). Reaction 

time study as a tool to identify central nervous system affect due 

to hypothyroidism. International Journal of Health Sciences and 

Research, 3, 29–32. 

Vitay, J., & Hamker, F. H. (2007). On the role of dopamine in cogni-

tive vision. In L. Paletta & E. Rome (Eds.), Attention in cognitive 

systems. Theories and Systems from an interdisciplinary viewpoint 

(pp. 352–366). Springer.

Wang, J., Zhang, J., Xu, L., Shi, Y., Wu, X. & Guo, Q. (2013) Cognitive 

impairments in Hashimoto's encephalopathy: A case-control study. 

PLoS One 8: e55758. doi: 10.1371/journal.pone.0055758 

Wilson, H. R., & Wilkinson, F. (1998). Detection of global structure 

in Glass patterns: Implications for form vision. Vision Research, 38, 

2933–2947. doi: 10.1016/s0042-6989(98)00109-6 

Winterer, G., & Weinberger, D. R. (2004). Genes, dopamine and corti-

cal signal-to-noise ratio in schizophrenia. Trends in Neurosciences, 

27, 683–690. doi: 10.1016/j.tins.2004.08.002 

Witkovsky, P. (2004). Dopamine and retinal function. Documenta 

Ophthalmologica, 108, 17–40. doi: 10.1023/b:doop.0000019487.88

486.0a 

Yousif, N., Fu, R. Z., Abou-El-Ela Bourquin, B., Bhrugubanda, V., 

Schultz, S. R., & Seemungal, B. M. (2016). Dopamine activation 

preserves visual motion perception despite noise interference of hu-

man V5/MT. Journal of Neuroscience, 36, 9303–9312. doi: 10.1523/

JNEUROSCI.4452-15.2016 

RECEIVED 01.08.2021 | ACCEPTED 20.04.2022

http://www.ac-psych.org

	Button 906: 
	Button 9073: 
	Button 9074: 
	Button 9075: 
	Button 9076: 
	Button 9077: 
	Button 9078: 
	Button 9079: 
	Button 9080: 
	Button 9081: 
	Button 9082: 
	Button 9083: 
	Button 9084: 
	Button 9085: 
	Button 9086: 
	Button 9087: 
	Button 9088: 
	Button 9089: 
	Button 9090: 
	Button 9091: 
	Button 9092: 
	Button 9093: 
	Button 9094: 
	Button 9095: 
	Button 9096: 
	Button 9097: 
	Button 9098: 
	Button 9099: 
	Button 90100: 
	Button 90101: 
	Button 90102: 
	Button 90103: 
	Button 90104: 
	Button 90105: 
	Button 90106: 
	Button 90107: 
	Button 90108: 
	Button 90109: 
	Button 90110: 
	Button 90111: 
	Button 90112: 
	Button 90113: 
	Button 90114: 
	Button 90115: 
	Button 90116: 
	Button 90117: 
	Button 90118: 
	Button 90119: 
	Button 90120: 
	Button 90121: 
	Button 90122: 
	Button 90123: 
	Button 90124: 
	Button 90125: 
	Button 90126: 
	Button 90127: 
	Button 90128: 
	Button 90129: 
	Button 90130: 
	Button 90131: 
	Button 90132: 
	Button 90133: 
	Button 90134: 
	Button 90135: 
	Button 90136: 
	Button 90137: 
	Button 90138: 
	Button 90139: 
	Button 90140: 


