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INTRODUCTION

Alcohol and substance use disorder are chronic relapsing 
disorders, characterized by compulsive drug-taking with the 
inability to limit intake and bouts of intense drug craving. Data 
derived from animal models have reported that opioids are 
initially abused due to the reward or hedonic effects. With re-
peated use, opioids are known to induce alterations in the neu-
rotransmitter and neuropeptide systems that regulate incen-
tive-motivation and stress-responsiveness and the dysregulation 
of these systems results in opioids and other substance use 
disorders characterized by compulsive use and loss of control 
of drug-taking. Substance use disorders are becoming increas-
ingly widespread. It is suggested that, in 2015, 91.8 million 
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(37.8%) U.S. civilian used prescription opioids; 11.5 million 
(4.7%) misused them; while 1.9 million (0.8%) had a use dis-
order. Among adults with prescription opioid use, 12.5% re-
ported misuse.1

Reaction time (RT) is defined as the time from the start of 
a stimulus to the start of the desired movement. The stimulus 
may be visual, auditory or tactile. The time from a simple 
stimulus to a simple response to the stimulus is known as 
simple reaction time (simple RT) and when the practitioner 
notices a difference between a specific stimulus and a paired 
specific response, the time between forming the specific re-
sponse paired to that stimulus is known as the selective reac-
tion time (selective RT). Simple reaction time plays an im-
portant role in undertaking daily living activities.2 

In studies that have investigated the effects of substance 
use disorder on RT, it has been shown that the absence of 
nicotine extended RT, alcohol had a negative effect on RT, 
but codeine injection and marijuana had no effect on RT.3-5  
The use of more than one substance, which is often seen in 
opioid use disorder, and head trauma are known to cause a 
high rate of impairment in cognitive areas such as memory, 
information processing, learning, organizational functions 
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and general cognitive functions.5 In a previous longitudinal 
brain imaging study, it was confirmed that opioid use over a 
certain period leads to a measurable degeneration on brain.6 
In the study made by Monnelly et al.,7 the effect of methadone 
which is a synthetic long acting μ-opioid agonist, on fetus 
brain development is evaluated since it crosses the placenta 
freely and exposes the developing fetus to exogenous opioid 
at the period of brain development. They showed that prena-
tal methadone exposure is associated with microstructural 
alteration in major white matter tracts, which is present at 
birth. It is clear that these negative effects of opioid use on 
brain, thereby on general cognitive functions have a negative 
effect on RT. However, to the best of our knowledge, there 
has been no study in literature that has investigated the effect 
of opioid use disorder on RT. 

The aim of this study was to compare visual and auditory 
reaction times, which are accepted as an important factor in 
both private life and working life performance, of patients 
with opioid use disorder and of a healthy control group.

METHODS

All procedures followed were in accordance with the ethi-
cal standards of the responsible committee on human exper-
imentation (institutional and national) and with the Helsinki 
Declaration of 1975, as revised in 2000.8 Informed consent 
was obtained from all patients for being included in the study. 
Approval for the study was granted by the Local Ethics Com-
mittee (September 29, 2016-14/11). A total of 27 patients un-
dergoing in-patient treatment in the Alcohol and Substance 
Addiction Treatment and Research Centre (AMATEM) in 
the Mental Health and Diseases Hospital with a diagnosis of 
‘opioid use disorder’ according to the The Diagnostic and 
Statistical Manual of Mental Disorders 5 (DSM-5)9 were in-
cluded as the addiction group (Group 1). The control group 
(Group 2) was formed of 27 individuals with no substance or 
alcohol use disorders according to DSM-5 and no diagnosed 
disorder.

Body mass index (BMI) was calculated for all the cases. A 
Sociodemographic and Clinical Data Form was completed 
for all the cases including information on age, gender marital 
status and level of education. 

Sociodemographic and clinical data form
The Sociodemographic and Clinical Data Form used was 

prepared taking into consideration the aims of the study and 
appropriate information obtained from the scanned litera-
ture and clinical experience. This form was a semi-structured 
form including sociodemographic information such as age, 
gender marital status and level of education, occupation, place 

of residence, economic status and family structure and clini-
cal data such as duration of the disorder, number of hospital-
izations, and the presence of psychosocial stress factors at the 
onset of the disorder.

Reaction time measurements
Due to the difference in cognitive procedure load, simple 

RT is generally shorter than selective RT. For ease and practi-
cality of measurement, simple RT was used in this study.

Using a computer program specially prepared on a MAT-
LAB® basis, the response with clicking mouse button to visu-
al screen color change (red/blue) and to an auditory ‘beep’ 
sound of the computer system were recorded in milliseconds. 
For each measurement, the program gave a median value of 
10 samples. Each measurement was repeated 3 times and the 
average was taken for analysis. Before the measurements, all 
the subjects were examined for auditory and visual adequacy 
and at least one trial test was made. The RT measurements of 
the patients were made on the admission day to the hospital.

Group 1 (Addiction group)
This group was formed of 27 in-patients undergoing treat-

ment in the AMATEM unit in the Mental Health and Dis-
eases Hospital with a diagnosis of ‘opioid use disorder.’ Inclu-
sion criteria were to be aged 18–65 years, to have a diagnosis 
of opioid use disorder according to DSM-5, to have no other 
DSM-5 disorder, no history or current neurological disease, 
no physical disease (diabetes, hypertension, epilepsy, neuro-
endocrine diseases, other metabolic diseases etc) or signifi-
cant physical pathology which could affect the distribution 
of psychiatric symptoms.

Group 2 (Control group)
The control group was formed of 27 healthy individuals, 

age and gender-matched to the patient group, with no sub-
stance or alcohol use disorder diagnosis and no other DSM-
5 disorder diagnosis, no current or history of neurological 
disease.

Any cases in either groups with a history of head trauma 
were excluded from the study. 

All the individuals recruited in the study signed an in-
formed consent form.

Statistical evaluation
Statistical evaluation was made using SPSS software SPSS 

for Windows version 22 (IBM Corp., Armonk, NY, USA). The 
data obtained from the groups were stated as mean±standard 
deviation (SD). The Student’s t-test was applied as a statistical 
method. The post hoc power test was applied with the PASS 
2008 program. ‘A significance level of p<0.05 was considered 
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as statistically significant.’

RESULTS

The mean age was determined as 24.41±6.48 years (range, 
18–40 years) in Group 1 and 28.07±8.26 years (range, 18–42 
years) in Group 2. No significant difference was determined 
between the groups in respect of age (p=0.075). The cases in 
both groups were all male. In Group 1, the level of education 
was determined as no education in 2 (7.4%) cases, primary 
school level in 9 (33.3%), middle school in 12 (44.4%), high 
school in 3 (11.1%) and university in 1 (3.7%) case. Of the 
total cases, 6 had dropped out from school (22.2%). In Group 
2, the level of education was determined as primary school 
level in 5 (18.5%), middle school in 7 (25.9%), high school in 
11 (40.7%) and university in 4 (14.8%). There were no cases 
of abandoned schooling. A statistically significant difference 
was determined between the groups in respect of the dura-
tion of education, which was 7.5±3.40 years in Group 1 and 
10.26±3.61 years in Group 2 (p<0.01). On first presentation 
at the polyclinic, 16 (59.2%) of the patients in Group 1 were 
in regular employment and 11 (40.7%) stated that they had a 
job that provided an income. In Group 2, 23 (85.1%) were in 
regular employment and 4 (14.8%) were unemployed. The 
marital status was determined as single in 18 (66.6%) cases 
and married in 9 (33.3%) cases in Group 1 and single in 15 

(55.5%) cases and married in 12 (44.4%) cases in Group 2. In 
Group 1, 1 (3.7%) case lived alone and 26 (96.2%) lived to-
gether with family. In Group 2, all (100%) the cases lived to-
gether with family.

The visual and auditory reaction times of the addiction 
group were determined to be longer than those of the control 
group (Table 1, Figures 1 and 2). There were no correlation 
between age, BMI and RT.

As a result of the Post Hoc Power test, the auditory reac-
tion time parameter achieved 81% power to detect a differ-
ence between the null hypothesis and the alternative hypoth-
esis, with a significance level (alpha) of 0.05 using a two-sided 
two-sample t-test.

DISCUSSION

Reaction time is affected by factors such as age, gender, ed-
ucation level, type of stimulus, habits, alertness, tiredness, and 
alcohol and nicotine intake.10,11 It shows a strong relationship 
with age; while it is 0.5–0.6 seconds in childhood, it becomes 
shorter up to the age of 30 years. In adults, the mean time is 
approximately 0.1–0.2 seconds.5 With advancing age, it be-
comes longer and variable.12 At advanced ages, both simple 
and selective reaction times show slower activity in measure-
ment tests compared to younger ages.13 The cases in the cur-
rent study were in the age range of 18–40 years with a mean 
age of 24.41±6.48 years, which is approximately the period 
when reaction time becomes shorter. And there was no sig-
nificant difference between the study and control group in 
respect of age. So ‘age’ was not accepted as a confounding 
factor. There is a relationship between gender and reaction 
time. In a study conducted on male and female short-dis-
tance runners, the RTs of the females were determined to be 
longer than those of the males, and the reason for this was 
stated to be that the leg muscles of females could produce 
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Figure 1. Visual reaction times of group.
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Figure 2. Auditory reaction times of group.

Table 1. Parameter values presented as mean±SD

Control 
group (N=27)

Addiction 
group (N=27)

p-value

Age 28.07±8.26 24.41±6.48 0.075
BMI 24.48±3.53 20.46±2.58 0.000
Visual reaction time 306.48±49.70 352.68±89.45 0.023
Auditory reaction time 317.43±73.83 389.32±106.59 0.000
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plantar flexor and isometric power to a more limited degree 
than males.14 It has been reported that the auditory RT of fe-
males is superior to that of males.15 In a study which researched 
gender difference in selective RT, the mean RT of females 
was determined to be slower than that of males.16 In the cur-
rent study, all the patients were male because of the hospital’s 
conditions and the Group 2 was formed with male healthy 
controls.

BMI is obtained from height and weight values and is a 
variable determining the weight range appropriate to height. 
It is an accepted marker of obesity. There are studies which 
have reported that obesity has a negative effect on motor 
skills.17 In a study which determined a significant positive 
correlation between simple RT and the body weight of the 
subjects, the simple RTs of overweight individuals were found 
to be longer compared to those of lower weight.18 In contrast 
to literature, although the mean BMI of Group 1 in this study 
was statistically significantly lower than that of Group 2 
(p<0.001), the visual and auditory reaction times of Group 1 
(352.68±89.45; 388.32±106.59) were found to be longer than 
those of Group 2 (306.48±49.70; 318.43±73.83). This result 
could be due to the effect of negative conditions such as the 
high rate of unemployment generally seen in substance ad-
dicts, low socio-economic level and associated inadequate 
and poor nutritional habits and a sedentary lifestyle. It is known 
that physically active and fit adults exhibit shorter simple and 
selective reaction times, which indicates that they can make 
decisions more rapidly.19 Conversely people with opioid use 
disorder mostly have unhealthy and inappropriate life condi-
tions which affect the physical and psychological features 
negatively.

Psychotropic substances have an effect on RT. While D-
amphetamine and venlafaxine shorten RT, chlorpromazine 
and exposure to lead lengthen RT.20 In the current study, Group 
1 comprised individuals who were undergoing in-patient 
treatment for opioid use disorder and had no DSM-5 diag-
nosis other than opioid use disorder, they had no disease re-
quiring treatment other than psychiatry and they were not 
taking additional medication that would affect the RT. The 
RT is measured on the admission day when they were still on 
opioids but no any other substance according to the urine 
samples and the patients’ statements as well. The patients had 
neither craving no withdrawal symptoms which could affect 
the RT. The studies dealing with the effects of alcohol and 
substances on RT reveal different results. In studies investi-
gating the effects of cigarette smoking on RT, nicotine admin-
istered before the RT test to smokers and non-smokers was 
seen to shorten RT, but the absence of nicotine created in 
smokers as a result of not smoking before the test was deter-
mined to increase RT in these individuals.21,22 In the current 

study Group 1 was formed of all (100%) smokers and, there 
were 18 (66.6%) smokers in Group 2. When the shortening 
effect of nicotine on RT is taken into consideration, if this ef-
fect could have been discounted in the opioid use disorder 
group, it can be predicted that the measured RT would have 
been much longer. In studies examining the effects of alcohol 
on RT, just as it has been reported that alcohol has negative 
effects on RT,23 in another study examining selective RT val-
ues, no statistically significant difference was determined be-
tween social drinkers and those who drank no alcohol at all.24 
In another study which examined differences in respect of 
visual motor rate between alcoholics and social drinkers, the 
alcoholics were found to be significantly disadvantaged.25 In 
a double-blind, placebo-controlled study by Bradley and Nich-
onlson,26 the effect of codeine on RT was investigated. Partic-
ipants were administered 30, 60, or 90 mg codeine injection 
and in measurements made 45 mins and 2 hours later, a dif-
ference was determined between the study and control groups 
in respect of RT. Abnormal functional connections in the or-
bitofrontal cortex (OFC) network have been determined in 
patients with opioid use disorder and this has been shown to 
be related to weak decision-making performance. There is a 
significant reduction in the dopamine and serotonin transmis-
sion systems in in patients with opioid use disorder and this 
has been related to reduced cognitive performance.27,28 The use 
of more than one substance, which is often seen in opioid use 
disorder, and head trauma are known to cause a high rate of 
impairment in cognitive areas such as memory, information 
processing, learning, organizational functions and general 
cognitive functions.3,29 In a previous longitudinal, brain im-
aging study, it was confirmed that opioid use over a certain pe-
riod leads to a measurable degeneration on brain morpholo-
gy.5 Although studies have confirmed a relationship between 
opioid use and reduced decision-making performance, there 
has been insufficient explanation of by what mechanism this 
result occurs. Nevertheless, this impairment could be ex-
plained by the mechanism that; long-term opioid use could 
reduce decision-making performance by leading to structural 
changes in the brain. Experimental animal studies have shown 
that the exposure of opioid reduced OFC functions and neg-
atively affected decision-making performance.30 It can be pre-
dicted that these negative effects of opioid use on cognitive 
functions influence to perceive a suddenly occurring signal 
and create a response to this signal adversely.

Although there have been previous studies examining the 
effects of alcohol, cigarettes and other addictive drugs such as 
codeine on RT, to the best of our knowledge there is no study 
in literature showing the effect of chronic opioid use on RT. 
Therefore, the current study is the first in this respect. This 
study can be considered a preliminary study on this subject 
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and further research with more large samples and case series 
could investigate to what extent opioid use disorder affects 
RT, which is accepted as an important factor with an effect on 
both private life and work performance. To add improving 
reaction time approaches in opioid use disorder may contrib-
ute to treatment by increasing quality of life and work per-
formance.

The present study has some limitations. Due to the condi-
tions of the hospital that the study was conducted, only male 
patients were recruited, and the number of patients was rela-
tively small. These factors may make it difficult to generalize 
the results. Further studies including both sexes with large 
samples would be more beneficial.
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