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Introduction
Rheumatoid arthritis (RA) is a disease characterized by pronounced 

inflammatory and destructive changes in joints, causing pain, reduction 
of functions and motor skills of patients [1]. Multidisciplinary 
approach to patients with rheumatoid arthritis takes into account the 
complex interaction of somatic and psychological factors and opens 
up new vistas in understanding the mental and motoric functioning 
of the diseases. 

Limited number of studies evaluated problems of mental functions 
and visuomotor abilities in patients with RA, regardless of importance, 
frequency and type. The heterogenity of data on the prevalence and 
types of emotional and cognitive impairment in patients with RA 
is based on the methodological differences in neuropsychological 
research and the diversity of clinical manifestations between patients 
[2,3]. 

Numerous published data examined the impact of pain on mental 
functions, point to the need and importance of tests of emotional and 
cognitive functions in chronic pain conditions [4-7]. 

Studies have shown that many aspects of cognition in RA patients 
can be damaged [4,8]. Furthermore, Dick and colleagues have found 
that patients with RA, fibromyalgia syndrome, and musculoskeletal 
pain had worse performance in tests of attention, and indicated the 
importance of pain in attention deficiency [4]. On the other hand, 
Brown and colleagues examined the relationship of cognitive abilities, 
depression and pain in patients with RA, and found indirect connection 
between pain, cognition and depression [9]. Other data indicate an 
association between peripheral levels of cytokines, hormone status and 
cognitive dysfunction [10]. 

Data obtained by simple and complex psychometric measurements 
in patients with rheumatoid arthritis show the impact of pain on mental 

functioning, and provide opportunities for developing new therapeutic 
strategies [5,6]. The connection of disturbed mental functioning 
and the velocity of motor response in patients with rheumatoid 
arthritis creates the need for an additional clinical neurophysiological 
diagnostics [11,12]. 

These diagnostics in patients with RA, as well as in other chronic 
pain conditions, should incorporate an additional method of examining 
the various reaction times of visual-motoric type [12]. Reaction time 
is the time needed to respond to specific stimulation by adequate 
usually motor response. The simple reaction time is the time interval 
from the occurrence of stimulus to the development of responses to 
a given stimulus. The choice reaction time-(CRT) involve the time 
required for the differentiation offered a number of stimuli, and the 
time required for the selection of responses to given stimuli. Choice 
reaction time is a kind of complex reaction time. The choice reaction 
time is more sensitive than simple reaction time and more susceptible 
to the influences of various factors [13]. The usage, of the simple and 
choice reaction time may help examine cognitive abilities of patients. 

Obviously, the only optimal approach to patients with rheumatoid 
arthritis is individual and multidisciplinary, in order to consider 
interactions between their pain, their inflammation, patient’s mental 
functions and their motor abilities. 

Abstract
Objective: The aim is to determine the influence of emotional status on motor response velocity in patients with 

rheumatoid arthritis. 

Materials and Method: The study included 53 women with rheumatoid arthritis and 27 healthy women. 
Depression was diagnosed using the Beck Scale for Depression (Beck Depression Inventory-BDI), anxiety using 
Spielberger’s anxiety test (Spielberger Trait Anxiety Inventory-State and Traité), functional status (Health Assessment 
Questionnaire, HAQ), and disease activity using the activity index disease (DAS 28). Simple and choice reaction 
time was determined using a computer program Donders. 

Results: Mean visuomotor reaction time (RT1, RT2, RT3) were significantly lower in the group of patients with 
rheumatoid arthritis than in the control group (p<0.001). In the group of anxious-depressive patients was found 
significant differences in average values of simple and choice reaction time when compared to the pain by the VAS 
scale (p<0.001), but not in the group of anxious patients with rheumatoid arthritis. 

Conclusion: The anxious-depressive patients had damaged motor abilities, which are manifested by significantly 
longer simple and choice reaction time, when compared to the anxious RA patients and healthy people. The anxious-
depressive RA patients had the higher intensity of pain which correlated with longer visuomotor reaction time. 
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Objective: The aim of this study was to determine the influence 
of emotional status on motor responce velocity in patients with 
rheumatoid arthritis using the method of examination of the various 
reaction times of visual-motoric type. 

Materials and Methods
The study included 80 subjects who were introduced with research 

methods previosly. The RA group consisted of 53 women with mean 
age of 50.58 ± 0.93 years, and who fulfilled the criteria for the diagnosis 
of the rheumatoid arthritis based on the American Rheumatology 
Association (ARA) in 1987. The research was done in the Special 
Hospital for Rheumatic Diseases, and in Neurophysiological laboratory 
-Department of Physiology, Medical Faculty in Novi Sad, Serbia 
during 2009. The CO group (control group) of 27 healthy women with 
mean age of 49.41 ± 1.08 years, was used for setting a normative of 
neuropsychological parameters. Each participant was given detailed 
information on how to prepare for the test and the type of applied tests 
and tasks. Exclusion criteria included: hearing impairment, dementia, 
neurological and psychiatric diseases, head trauma, use psychoactive 
substances, antidepressants three weeks before the survey or surgery a 
month before the survey.

In order to achieve the objectives of the research we used 
anamnesis data, clinical examination, and questionnaires. In the RA 
group the following parameters were collected: number of painful and 
swollen joint count, pain in the joints of patients evaluated by a visual 
analogue scale (VAS) of 0-100 mm, speed sedimentation rate, an index 
of disease activity. The examination of functional abilities of patients 
was performed with the Health Assesment Questionnaire (HAQ)- 
involving 20 questions from 8 functional categories. We used index - 
Disease Activity Score (DAS 28) to estimate the disease activity.

Tests for evaluation of emotional manifestations in patients with 
rheumatoid arthritis were conducted in the Special Hospital for 
Rheumatic Diseases in Novi Sad.

Spielberger’s anxiety test (Spielberger Trait Anxiety Inventory-
State and Traité) was used for detection of anxiety, which consists of 
two questionnaires (STAI-S, STAI-T) with 20 claims for standardized 
measurement of current and general anxiety. A total score of 30 points 
reflects a low level of anxiety, while a score 31-44 reflects a moderate 
level, and scores above 45 is indicative of high level of anxiety.

For evaluation of depression Beck’s depression scale (Beck 
Depression Inventory-BDI) was applied, covering 21 aspects of 
depression. BDI total score determines the weight of depression, and 
scores above 30 indicate severe clinical depression.

Reaction time of patients in relation to three types of tasks, was 
determined using a computer program Donders. The task was to press 
the appropriate key on the keyboard of the computer as quickly as 
possible, in response to X sign at the computer screen. The task and the 
possible locations of stimulus were different depending on the block 
attempt. 

The first type of task, so. one stimulus-one motor response, involves 
the appearance of stimuli on the right fixed point of the screen in each 
trial, has served for the determination of simple motor reaction time. 
In the second block of tasks RT2, so. two stimulus-one response, the 
stimulus can appear on both sides of the screen (left or right), however, 
the subject was instructed to press the button on the keyboard with his 
index finger when the stimulus appears only on the right fixed point. In 
the third block of tasks RT3 two visual stimuli-two motor responses two 

stimuli can occur in the two different positions on the screen, and the 
respondent should respond by pressing appropriate keys on both the 
stimuli. Using second and third block of tasks is determined by a choice 
visuomotor reaction time. Each block of tasks consist of twenty trials 
with an interval between each attempt of 500 ms. Raw data obtained by 
measuring the reaction time were analyzed using DONDANAL that 
calculates the arithmetic mean and standard deviation of reaction time.

Prior to coming to research at Neurophysiological laboratory, at 
the Faculty of Medicine in Novi Sad, the examinees did not take any 
psychoactive substances (such as coffee, tea, alcohol) and had enough 
sleep thus were rested. During the research, the examinees were placed 
a comfortable chair, in a pleasant interior, two hours after a meal, 
on days when they did not receive disease modifying drugs. Each 
participant receives detailed information on how to solve tasks and has 
the opportunity to try to resolve them through a test series containing 
all sorts of tasks. The procedure of determining the reaction time lasted 
25-30 minutes. An examination protocol was specially designed for all 
participants of the study. 

Prior to testing subjects reaction time grip strength was measured 
using a dynamometer in order to eliminate the influence of grip 
strength on the results of reaction time. The study was approved by the 
Ethics Committee of the Clinical Center of Vojvodina and Faculty of 
Medicine, University of Novi Sad. 

Statistical Methods
For the purpose of statistical analysis, the measures of descriptive 

statistics - frequency, mean, measures of variation were utilised. In the 
paper, parametric (t-test) and nonparametric (Mann Whitney test, chi-
square test) were used to compare the distribution of two groups. To 
compare three or more groups of respondents the analysis of variance-
ANOVA and Kruskal-Wallis test was used. Correlation of continuous 
variables was examined by Pearson correlation coefficient.

Results
The RA group consisted of 53 patients with rheumatoid arthritis, 

while the CO group consisted of 27 healthy subjects who were not 
significantly different from RA group in regards to age, education level, 
marital status - the relevant characteristics of the applied methods ( 
CV<30) (Table 1).

Results of the emotional disturbance detection using Beck’s 
Depression Inventory (BDI) and Spielberger’s anxiety test showed 
both signs of depression and anxiety in 35 patients (66.04 %), and the 
presence of anxiety symptoms in 18 (33.96 %) patients, as shown on 
the attached tables (Table 1). Under CO, 7 (14.82%) subjects showed 
healthy mild symptoms of depression and anxiety, while 20 (85.18 %) 
showed the presence of anxiety symptoms (Table 1).

Average score of depression obtained by Beck’s Depression 
Inventory (BDI) was in the CO group 7.41 ± 0.84¸ and 18.15 ± 1.66 
in the RA group. There was a statistically significant difference of the 
values   of depression scores between the 2 groups (p<0.001) (Table 1).

Average scores obtained by Spielberger’s anxiety test (STAI-S) that 
measures state anxiety were in the group CO 40.77 ± 1.63 and in the RA 
group 49.77 ± 0.94. There was a statistically significant difference in the 
values   of state anxiety scores between the 2 groups (Table 1).

Average scores obtained by Spielberger’s anxiety test (STAI-T) that 
measures general anxiety, in the group CO were 41.67 ± 1.59 and in the 
RA group 53.83 ± 0.76. There was a statistically significant difference in 
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the values   of general anxiety scores between the 2 groups (p=0.00009) 
(Table 1).

The results of tests of functional ability of patients using a 
questionnaire Health Assessment Questionnaire (HAQ) shows average 
values   of 0.92 ± 0.09 (Table 2). The average disease activity was 4.98 ± 
0.12 (Table 2). The table 2 shows the high level of average value of pain 
intensity determined with VAS scale. 

The average values   of simple reaction time (RT1) in the control 
group was 367.21 ± 13.34 ms, and in the RA patients was 429.69 ± 10.63 
ms. A statistically significant difference was found between the average 
length of simple reaction time (RT1) between healthy subjects and RA 
patients (p<0.001) (Table 3).

In the second block of tasks the average length of reaction time 
(RT2) in the control group was 413.41 ± 11.62, while among patients 
with rheumatoid arthritis 486.97 ± 10.27 ms, indicating a statistically 
significant difference (p<0,001) (Table 3).

The results obtained in the third block of tasks-RT3 show a 
significant difference in the average length of reaction time between 
patients with rheumatoid arthritis and healthy people (p<0.05) (Table 
3). It was observed that with increasing task difficulty increases the 
difference in the speed of visuomotor reaction between the 2 groups.

A statistically significant prolongation of the average value of 
reaction time (RT1, RT2, RT3 ) was found in the group of anxious-
depressive patients when compared to anxious RA patients (p<0.05) 
(Figure 1).

The test results correlation values   of reaction time with indicators 
of disease activity showed high positive correlation with the intensity 
of pain in a group of anxious-depressive patients (p<0.05) (Figure 2,3 
and Table 4).

In the group of anxious-depressive patients were found highly 
significant differences in average values   of simple and choice reaction 
time compared to the pain by the VAS scale (p<0.001), but not the 
group of anxious patients with rheumatoid arthritis.

In the group of anxious patients were found positive linear 

correlation between mean duration of disease and the value of reaction 
time (RT1, RT2, RT3), which was statistically significant for the values   
of choice reaction time (RT3) (p<0.05) (Table 4).

Discussion
Motor abilities testing in patients with rheumatoid arthritis is of 

great importance in monitoring the effects of treatment, as well as in 
various activities of daily life such as physical activity.

To assess mental functioning, specially emotions, i.e. efficiency of 
brain information processing in patients with rheumatoid arthritis, a 
method of visuomotor reaction time was utilized [14]. Our study shows 
that mental chronometry, by using the visuomotor reaction time for 
the development of the theory of information processing, helps clarify 
the mental processes underlying the perception, attention, memory 
and action, and that it is strongly connected with emotional states 
[15]. The method of reaction time is referred to as „micro-behavioral 
analysis“ or analysis of flow parameters of motor responses [16]. 

Simple visuomotor reaction time, the reaction to the familiar 
stimulus and the same response is expected in all further attempts, and 
the candidate has opportunity to improve programming movement. 
In a complex reaction-time nature of the response is not known in 
advance and therefore no benefits associated with anticipation. The 
choice reaction time, which includes the analysis of stimulus and 
response selection ( i.e., central cognitive processing), is strongly 
influenced by emotional status.

Data concerning tests of mental and motor abilities in patients 
with rheumatoid arthritis using the method of reaction time are scarce. 
One study by Kauranen et al. used the multi-functional computer 
system (HPM / BEP, version 4.2) designed to test motor abilities [11]. 
Kauranen et al. found no significant correlation between tests of motor 
ability and pain intensity by visual analogue scale, duration of illness 
and number of swollen joints [11].

The results of our tests of reaction time shows a significant difference 
in the first block of tasks between the average length of simple reaction 
time in the group of CO and of RA group. People with rheumatoid 
arthritis had a significantly longer simple reaction time compared to 
healthy people. 

In the second block of tasks, the average length of reaction time 
in the group of CO was 397.89 ms. and 476.91 ms. in the RA group, 
indicating a statistically significant difference. In the third block of 
tasks results shows a significant difference in the average length of 
reaction time (RT3) between patients with rheumatoid arthritis and 
healthy subjects, which is consistent with Kauranen work [11]. People 

General characteristics Group CO                                    Group RA
Number     27 53
Age (years), X±SD 49,41±1,08 50,58 ±0,93
Degree (N)
lower           9                                                        20
medium                                                                                                12 27
higher                                                                                             2 4
high                                                                                                                                                 4 2
Marital status (N)
yes                                                                                                            23 47
no                                                                                                               1 2
other                                                                                                            3 4
Affective status (N)
anxious-depressive                                                                                   7 35
anxious                                                                                                   20 18
BDI, X ± SD 7,41 ± 0,84†                                       18,15 ± 1,66 †
STAI-S, X ± SD                                              40,77 ± 1,63 †                                      49,77 ± 0,94†
STAI-T, X ± SD                                              41,67 ± 1,59 †                                      53,83 ± 0,76†

* SD-standard deviation, BDI-Beck Depression Inventory, STAI-S-state-trait anxiety 
inventory: state subscale, STAI-T State-Trait Anxiety Inventory: Trait subscale, † 
statistically significant difference between the groups (p <0,001).

Table 1: Demographic characteristics of the CO group and the RA g.

Indicators of  disease activity Average values ± SD
Duration of illness/yrs/ 9,28 ± 7,96

 DAS28 4,93 ± 0,85
HAQ 0,88 ± 0,67

Intensity of pain VAS 55,33 ± 20,95

*DAS28-disease activity score 28, HAQ-Health Assessment Questionnaire, VAS-
visual analogue scale, yrs-years

Table 2: The average values   of indicators of disease activity.

Reaction time Group CO X±SD Group RA X±SD P values
RT1 367.21 ± 13.34 429.69 ± 10.63 p<0,001
RT2 397,89 ± 52,97 476,91 ± 81,27 p<0,001
RT3 412,63 ± 53,86 492,43 ± 84,64 p<0,001

Table 3: The average values   of reaction time in the CO group and the RA group.
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with rheumatoid arthritis were significantly slower to react in a block 
of tasks one of two stimulus-response compared to healthy people. It is 
known that the motor reaction is slower if the demands that are placed 
before the respondents are complex [17-19].

It was observed that with increasing task difficulty the difference 
in the speed of reaction between the CO group and the RA group also 
increases. This is consistent with research data obtained in patients 
with chronic pain [3,6]. It is believed that chronic pain, and fear of 
pain, as well as destructive and inflammatory changes in joints of RA 
patients together contribute to the reason for poor achievement on 
tests of reaction time [11,18].

We found a statistically significant difference in mean values 
of visuomotor reaction time in the RA group between the anxious-
depressive and anxious patients. Anxious-depressive patients with 
rheumatoid arthritis were inhibited and slower to react than the 

anxious patients. Similar results are found in the work of Taimei and 
associates in patients with chronic back pain, which showed longer 
reaction time [12].

There is a statistically significant difference in approximate values of 
simple and choice reaction time when compared to the pain intensity, 
but this is not the case in the anxious group of patients. Another 
research was done and it showed the connection between the values 
of visuomotor reaction time and the indicators of disease activity. The 
research showed that there was the positive correlation between the 
reaction time and the pain intensity found in the group of anxious-
depressive RA patients. These results are consistent with the model of 
mental functioning proposed by Brown and associates [9]. 

Our results showed a significant high positive correlation between 
the average values of visuomotor choice reaction time and the disease 
duration found in the group of anxious RA patients.

Study Limitations
Further research should be aimed at improving and standardizing 

the methods of reaction time in daily clinical work with patients with 
rheumatoid arthritis, in combination with other neuropsychological 
and neurophysiological testing methods. Extension of studies and 
longitudinal monitoring of disease activity, neuropsychological, 
neurophysiological parameters in patients with rheumatoid arthritis 
depending on the hormonal phase in women of childbearing period 
and during menopause, would contribute to better results. Our results 
are preliminary, and should be tested in a higher number of patients 
both gender.

Conclusions
Based on our research, we can conclude that the anxious-depressive 

patients had significantly longer simple and choice reaction time, 
when compared to the anxious RA patients and healthy people. The 
anxious-depressive RA patients had the higher intensity of pain which 
correlated with longer visuomotor reaction time. The anxious patients 
had the correlation between the length of reaction time and the disease 
duration. 
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