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Abstract

Background: Some pieces of the literature report impaired cognitive functioning in
tramadol dependence. Whether extended abstinence improves cognitive function-
ing or not is not well studied.

Aim: We aimed to measure the change in cognitive functioning following complete
abstinence among individuals with tramadol dependence.

Methods: Eighty-three male tramadol-dependent (TD) and 57 matched healthy con-
trols participated in this study. Cognitive functions were assessed using: The Trail
making test (TMT), Wechsler Memory Scale-Revised (WMS-R), and Wechsler Adult
Intelligence Scale (WAIS). Patients were assessed in the first week immediately after
the end of the in-patient treatment program (T1), and after six months of sustained
abstinence (T2).

Results: At T1, the TD group showed deficits on all tested cognitive parameters (vis-
ual attention, task switching, working memory, visual memory, verbal memory, verbal
knowledge, Verbal 1Q, Performance 1Q, and Full-Scale 1Q) in comparison to the con-
trol group. At T2, significant improvements had occurred in all the tested parameters
except performance IQ. The cognitive performance of the abstinent individuals at T2
was comparable to the control group for the verbal subsets of WMS-R, Verbal 1Q,
Performance 1Q, and Full-Scale I1Q. Nevertheless, it was still worse than the control
group in TMT, and all other WMS subsets.

Conclusion: tramadol dependence has negative effects on cognitive performance,

which improves with extended abstinence.
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1 | INTRODUCTION

Tramadol is a synthetic opioid analgesic first introduced in 1977 by
a German pharmaceutical company as a pain killer through acting on
u-opioid receptors by its R-stereoisomer and S-stereoisomer.! As an
opioid analgesic, it is generally used for management of moderate to
severe pain and has likewise been used in the management of sex-
ual dysfunction, such as premature ejaculation.2 As a prescription
opioid analgesic, it was widely abused in many countries in Asia and
Africa, and several studies reported the growing nonmedical use of
tramadol in some countries in Africa and Middle East.® World Health
Organization (WHO) in 2014 estimated the prevalence of abuse of
tramadol in China to be about 14%, while estimated its rate of abuse
in the USA to be about 3/100 000.* Egypt encounters an increasing
health problem regarding Tramadol dependence (TD) in the last de-
cade. An Egyptian study estimated the prevalence of tramadol abuse
in the Egyptian youth to be about 9%.> Another study estimated its
abuse to be 48% of all drug abuses in Egypt.®

Deficits in different cognitive domains; such as attention/con-
centration, memory, and psychomotor speed and performance, and
also in the processing of emotional stimuli and in executive func-
tions, were extensively studied in drug-dependent individuals com-
pared with healthy controls.””? Only a few studies have dealt with
cognitive deficits in previously opiate (heroin)-dependent, long-term
abstinent individuals.*°*2

Tramadol, as an opioid analgesic, may result in mild cognitive defi-
cits in attention, complex working memory, and episodic memory when
used for a long duration.’®** Some studies found a general intellectual
deficit in patients with early or ongoing chronic opioid abuse.*>¢ On
the other hand, there is more consistent evidence for deficits in at-
tention, memory, and executive function.”"* Several studies showed
that the cognitive functions of the patients during abstinence from opi-
oid abuse is better than cognitive function during opioid abuse.1%20-23
Furthermore, late and early abstinence differ in many aspects regard-
ing the cognitive functions and these differences need more clarifica-
tion. The first weeks of abstinence are critical for opioid-dependent
patients because most of the relapses and the drop-outs from the out-
patient programs occur during this period.?*?° Therefore, the assess-
ment of cognitive function within this time is relevant.

So far our knowledge goes, much attention was paid for the
disturbance of cognitive functions related to the abuse of other
substances such as opium, cocaine, heroin, cannabis, methamphet-
amine, etc But the aforementioned discussion brings about the fact
that there is a knowledge gap of the cognitive function after absti-
nence. We, therefore, wanted to measure the effect of tramadol drug
on cognitive functions and whether these cognitive impairments are

permanent or they are subject to improve with extended abstinence.

2 | METHODS

This prospective study assessed the cognitive function after absti-

nence from tramadol in TD patients compared with healthy controls.

The Ethics Committee of Assiut University accepted the study pro-
tocol. The study was conducted between January to October 2018.
We wanted to assess the cognitive function to reject the null hy-
pothesis that TD patients who were abstinent for a good duration of
time would have no change of IQ, memory, attention and executive
function when compared to their performance directly after the de-
toxification program, or compared to the healthy controls.

All participants with TD, met the DSM-IV criteria for opioid de-
pendence, were volunteers between 18 and 45 years from a series
of consecutive patients admitted to Assiut University addiction unit
for detoxification and management of drug withdrawal symptoms.
Patients with mixed substance abuse, or diagnosed with acute axis |
psychiatric comorbidity, according to the Diagnostic and Statistical
Manual of Mental Disorders (DSM-1V) not related to substance, or
those who were receiving any psychotropics, especially those which
might affect cognition, were excluded. Also, patients with severe
brain injury, chronic neurological disease, with a history of epilep-
tic seizures, or primary organic cognitive deficit were excluded from
the study. All participants signed informed consent which included
information about the nature and purpose of the research; the ex-
pected duration of the subject's participation; a statement that
participation in research is voluntary; probable benefits associated
with research participation; information about data protection/con-
fidentiality/privacy; reference contacts for any further answers to
pertinent questions about the research and the subject's rights and
a statement offering the subject the opportunity to withdraw at any
time from the research and the withdrawal would not affect any
management privileges.

A control group was recruited from the patients' relatives or the
staff of the same institution. They were matched for age, gender,
educational level, and other demographic variables as far as possible.
None of the controls had any history of illegal or opioid drug abuse.
The controls were screened by psychiatric interview for having no
history of significant psychiatric morbidity or substance abuse. The
dependence and other psychiatric diagnoses were done according to
the Structured Clinical Interview (SCID) for DSM-IV axes | and 11.2¢%

2.1 | Cognitive tests

Cognitive performance was determined by a small battery designed
to probe different aspects of executive function, memory, and intel-
ligence. All tests were administered manually using paper and pencil
testing. The testing battery included:

2.1.1 | Trail-making test part Aand B

Part A test is used to measure cognitive and perceptual speed
and takes almost 1 minute to complete. The test requires immedi-
ate recognition of the symbolic importance of numbers and letters
and the flexibility to put them into a sequence under time pressure.

Part A measures information processing and psychomotor speed.
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Part B of this test evaluates cognitive flexibility and the ability to
switch between amounts and is 2 minutes long. The patient has to
connect numbers and letters in sequential order alternately (eg, A-
1-B-2-C-3). The score on each part represents the amount of time
required to complete the task.?® The lesser the score is, the better is

the performance.

2.1.2 | Wechsler Adult Intelligence Scale (WAIS)

For a broad assessment of general cognitive and intellectual abili-
ties.?” The study used Arabic validated version of the WAIS with

Egyptian norms as a reference.®°

2.1.3 | Wechsler Memory Scale-Revised (WMS-R)

One of the most widely used tests for evaluating memory functions
in adults, the scores reflect general, verbal and visual memory, atten-
tion/concentration and delayed recall.®*

2.2 | Procedure

A total of 136 patients with TD disorder were assessed. Thirteen
were excluded for having comorbid substance misuse, and six were
excluded due to having comorbid psychiatric diagnosis. Eighty-three
patients completed the study and 34 patients either did not appear
during the follow-up or were tested positive in the urine screen test
during the follow-up visits.

The assessment of each subject took 2-3 hours. Therefore, the
interaction was made a two-session-interview. The first session in-
cluded the clinical and demographic data collection, administration
of SCID-I. The second session was for the administration of cognitive
tests. Trained psychiatrists and psychologists, with proper working ex-
perience, conducted the interview using the tools. Initial screening (T1)
was done in the first week immediately after the end of the in-patient
treatment program. The second assessment (T2) was performed after
6 months of complete abstinence. All subjects received a physical ex-
amination, routine laboratory testing while they were in the hospital.
Subjects in the drug-dependent group underwent repeated random
urine drug-screening examinations with the average of 4-6 screenings
for each patient during the 6-month follow-up period. Negative urine
drug-screening test results are a condition of participation in this study.

The nondrug-dependent group also underwent the same test.

2.3 | Statistical analysis

Data were recorded and analyzed using the statistical package of
social sciences IBM-SPSS (version 22).%2 The guantitative variables
were presented as mean (x) and standard deviation (SD), while quali-

tative variables were presented as frequency and percentage. We

REPORTS

TABLE 1 Demographic characteristics of patients and controls

Group
Cases Control
n=283 n=>57
No. % No. % P value
Age
18-29 y old 51 63.3 30 53.3 22 =1.0767
30-45yold 32 367 27 467  df=1
.299
Mean + SD 27.027 + 5.700 25.777 + 3.875 t=1.081
.283
Marital status
Single 55 66.7 10 16.7 ;(2 =30.321
Married 28 333 47 ga3  df=1.
<.001
Residence
Urban 36 43.3 23 40 ;(2 =0.1266
Rural 47 567 34 60 df=1
7219
Occupation
Unemployed 25 30.0 i3 23.3 ;(2 =12.318
Student g S5 1 17 G
.0063
Manual work 47 56.7 24 42.3
Office work 8 10.0 19 3.8
Socioeconomic level
High 6 6.7 10 17.5 ;(2 =3.771
(>145.69) df=2
Average 63 766 40 70 1517
(75.93-
145.69)
Low (<75.93) 14 16.7 7 12.5
Education
llliterate 8 10.0 [¢) 10.5 ;(2 =4.427
Intermediate 28 333 25 433  df=3
school 2189
High school 36 43.3 15 26.3
University 11 13.3 11 19.3
Years of 11.527 + 3.267 12.437 + 3.434 t=-1.586
education 115

Mean + SD
*P <.05.; **P < .01.

used ;{2 test for the comparison of categorical variables, while we
used independent-samples t test for comparison of continuous vari-
ables. Spearman Correlation Test (r) was used for assessing the re-
lationship (direction and power) between quantitative variables. A

P-value of <.05 was set to be statistically significant.

3 | RESULTS

One hundred forty subjects were enrolled in this study, 83 pa-

tients with tramadol dependence and 57 healthy controls. The
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mean age for the tramadol-dependence group (27.02 + 5.70 years)
was almost equal to that of (25.7 + 3.88 years) the nondepend-
ence group (P = .28). Similarly, the mean educational years was
11.53 + 3.27 years, compared to 12.44 + 3.43 years (P = .12) in the
control group. No statistical difference between patients and con-
trols was found in any demographic variables except marital status
(% = 30.32, P < .001) and occupational status (y* = 12.32, P = .006).
TD group were more likely to be single, manual workers and unem-
ployed, compared to controls who were more likely to be married,

manual workers and office workers, as shown in Table 1.

3.1 | Assessment of general intellectual abilities

While assessing general intellectual abilities with WAIS scale
(Table 2), IQ scores in T1 was lower in all of verbal, (P = .07), perfor-
mance (P = .002) and total (P = .03) in the patient group compared
to the control group, though the verbal IQ was just not significant.
At T2, the results showed improvement in verbal, performance and
the total, mean IQ scores in comparison to T1 scores (P = .03, .07
and .02) respectively, though the performance IQ improvement was
just not significant. Additionally, T2 1Q scores were homogeneous to
those of the control group (P = .72 for verbal; .21 for performance;

and .94 for total respectively).

3.2 | Assessment of memory functions

Evaluating memory functions by Wechsler Memory scale (WMS-R)
revealed that at T1 assessment, the control group had better perfor-
mance on tests of memory functions than patients with tramadol de-
pendence in all assessed subtests. Table 3 shows that the differential
performance was observed in memory subtests (P < .001). At T2, the
results showed statistically significant improvement in all assessed sub-
sets except visual paired association | and Il (P = .08 and .20) respec-
tively. Nevertheless, at T2 the performance was still worse than that of
the control group in all WMS subsets except information and orienta-
tion, verbal paired association | and Il (P = .28, .89 and .27 respectively).

3.3 | Relation with clinical variables

Most of the clinical variables were significantly correlated with
memory functions (Table 4) except the age. The duration of depend-
ence was negatively correlated with memory functions (P < .001,
digit span backwards P < .001, digit span forwards P = .03, visual
memory span backwards P = .001, visual memory span forwards
P = .01, visual paired association Il P =.003, and verbal paired asso-
ciation Il P =.02). Years of education was positively correlated with
memory functions (information and orientation P < .001, digit span
backwards P < .001, digit span forwards P = .02, visual memory span
backwards P = .01, visual memory span forwards P < .001, visual
paired association | P < .001, visual paired association Il P < .001,
and verbal paired association | P < .001). Socioeconomic status cor-
related positively with memory functions (Information and orienta-
tion P = .001, digit span backwards P = .003, digit span forwards
P = .007, visual memory span backwards P = .004, verbal paired as-
sociation, | P =.033, and visual paired association Il P =.007, verbal
paired association | P =.013, verbal paired association Il P = .003).

3.4 | Assessment of attention and
executive functions

On assessment with trail-making test (TMT) A and B (Table 3), statis-
tically significant differences were observed between the study and
control groups (P < .001 in both). The study group performed poorly
compared with the control group at T1. At T2, there was significant
improvement in both tests A (P = <.001) and B (P = <.001). Although
the patients' performance in TMT improved in comparison to their
performance in the first assessment (T1), it is still worse than the
performance of the unexposed group (P = <.001; P = <.001).

Trail-making test (Table 4), was positively correlated with dura-
tion of dependence (test A P = .04, test B P = .03). Socioeconomic
status was negatively correlated with the TMT mean scores (Test A
P = .02, test B P = .02). Additionally, years of education was nega-
tively correlated with the TMT mean scores (Test A P < .001, test B
P =.001).

TABLE 2 Differences in general intellectual abilities between patients with tramadol-dependence and healthy controls

At the base At 6-mo

line follow-up T2 Control

T1(n=136) (n=83) (n=57)
Verbal WAIS-R 83.55+8.9 86.5 + 6.58 86.1 + 6.53
Mean + SD
Performance WAIS-R 85.3 +94 88.23 + 9.9 90.53 + 9.964
Mean + SD
Total WAIS-R 82.3+8.9 85.62 + 8.05 85.5+8.2
Mean + SD

T1 vs Control T1vs T2 T2 vs Control
t-value P-value t-value  P-value  t-value  P-value
-1.844  .067 -2186  .030° 0.362 718
-3157 .002"  -1.807 .073 1.257 211
-2.157 032 -2.302  .022 0.080 936

Note: T1 Patients' test results in the first week immediately after the end of the in-patient treatment program. T2 Patients' test results after 6 mo of

sustained abstinence.
*P <.05.;**P < .01.



-
9
<
=
=<
S
s
z

HASSAAN ET AL.

LT
068"
100>
100>

100>

100>
100>
100>

6LC

100>
100>

anjea-d4

"uoldUNy 193334 23eD|pUl $31035 JBYSIH,
"uol3oUNy JOMO|S 91eDIPUI $2102S JaYSIH,

'92UaUIISge PAUIBISNS JO OW § J93Je S}NSAU 359} ,Sjudled 7 "welSoid juswieasy Jualjed-ul ay3 JO pus ay} J9}Je A|91BIPSWWI }I3M 3S14 SY) Ul S}INSAU 359} ,Sjudljed T1 :2I0N

860'T- 100>
8€T0- 100>
76€°CT- coc
c0L’L- SLO
LT - 050’
L7188~ 100>
€GY'8- 100>
LLEST- 100>
980'T- S00°
8G5°9- 100>
6E9'1- 100>
anjea-} anjea-d

Jl

L8TL 100> Sy8 I~ €90 F 5L 89T F LTL YSTFEST uoneloosse paijed [eqiap

0052 100> 6811~ ¥8'C F LO'ST Sy F 09'ST 8.7 F /56 4l uoneosse paited [eqian

182°T 100> ¥89°8T- STOFE6S 9%'T F05°E LOTFETE 4l uoneosse paited [ensip

68L°T 100> T9TLT- 1STFETHT 05’5 ¥00'8 OT'EF0L9 4 Uonenosse paited [ensip
qSPaemioy

SL6T 100> 9%6'G- YTTF0C'8 SS0F €69 v0'T F 0v'9 ueds AJowaw [ens|A
SPlemdeq

688 100> £52°0T- 6V TFOTL T8'0F0€'S I8TFETh ueds AJowaw [ens|A

vEY'6 100> T0€9T- 8TT ¥ /86 6ZTF008 85T F£9'S Shaemioy ueds 1810

Y618 100> ISTLT- 6LTFE68 T7'0 ¥ 08'S SSTF L0V (SP1emsioeq ueds 181Q
quoIIeIuBLIo

§/8'C 100> LEGE- 8/°0F00tT €T F 08T T F€8°¢CT pue uofewIO4U|

(AI-SINA) 3[E9S AJOWSN J3[SYIIM
LY 6- 100> 6Th 1~ €26 F £°09 £TTF 6L VLT F VL6 o(5) g ltedL
zL9°TT- 100> 68191~ L'9Fg08 T6F0LE 8TT¥8'85 o(S) V [1edL

(LINL) 3593 Bupjew-|ied] ayL

]013U0d SA 7|

anjeA-} anjeA-d4 anjeA-1 (s Fueaw) /6 =N (s Fueaw) gg =N (@s F ueaw) 9¢T =N
|osjuo) ¢l TL
CLSATL ]OJJUOD SA T | sjuaned

S|0J43u0d Ay3jjeay pue aduapuadap-jopewely Y3Im sjuaijed UsaM3ag SUOIIOUNS AJOWSW PUE SAIFNISXS Ul 22U € 319dVL



376

NEUROPSYCHOPHARMACOLOGY

HASSAAN ET AL.

REPORTS

WILEY

4 | DISCUSSION

Our study aimed to explore the cognitive function of extended ab-
stinence from tramadol in TD patients. We expected that this study
would throw the light on the effect of extended abstinence on cog-
nitive function in TD patients in line with our hypothesis.

On the first assessment (T1), the patients showed cognitive defi-
cits on all tested cognitive parameters (visual attention, task switching,
working memory, visual memory, verbal memory, verbal knowledge,
Verbal 1Q, Performance 1Q, and Full-Scale 1Q) in comparison to the
control group. However, after 6 months of abstinence, there was
a marked improvement in the cognitive functions of tramadol-
dependent patients in comparison to their previous performance di-
rectly after discharge from the detoxification program. Unsurprisingly,
the cognitive functions of those patients, even after 6-month of absti-
nence, are still mildly below the level of the control group.

We studied the correlation of different clinical variables with
cognitive functions. We found that increase years of education and
higher socioeconomic status were associated with better perfor-
mance in the cognitive tests. On the contrary, the duration of trama-
dol dependence is associated with lower performance in cognitive
testing.

Our results concur with previous studies that investigated the
effect of other opioids on cognitive performance. Prosser et al®®
found deterioration in visual perception and memory, intelligence
and attention among other cognitive domains in patients on metha-
done maintenance. The results are also consistent with the findings
of Vella Brincat and Macleod who studied the psychomotor impair-

ment in opioid dependence.®*

Several pieces of literature explained for cognitive deficits during
early opioid abstinence. Several neural dysregulations events occur
during that time. Examples of these dysregulations are changes in
the striatum and the limbic system related to the downregulation of
mu opiate receptors activity associated with elevation of gamma-
aminobutyric acid (GABA) and dynorphin release.®® These changes
are followed by noradrenaline increased in the locus coerulus which
is accompanied by excessive glutamate in the hippocampus and the
anterior cingulate cortex.*® Moreover, noradrenergic activation of
corticotrophin-releasing factor and the resulting brain stress sys-
tems hyperactivity, plays an essential role in cognitive dysfunction
exhibited by those patients.37 It has been postulated that both epi-
sodic and working memory are impaired with chronic stress system
hyperactivity.>®%? The results of Mintzer et al study are in partial
agreement with our results. In their study, they found a working
memory deficit in opioid-dependent patients on methadone main-
tenance, while patients with 9 months of opioid abstinence showed
normal performance.11 We found a marked improvement in cogni-
tive functions after 6 months of abstinence but not to the level of
healthy controls. These differences could be explained by the dif-
ference in duration of abstinence, which is longer in Mintzer's study.

Some studies indicated that executive function deficit may be
found during late opioid abstinence as well?>%® which agreed with
our results that showed a mild cognitive deficit in TMT in compar-
ison to the control group even after 6 months of abstinence. On
the contrary to the effect of single substance abuse on cognitive
functions, polysubstance-dependent individuals usually suffer
long-lasting neuropsychological impairment with a mild recovery of

functioning.40

TABLE 4 Correlation of clinical variables with cognitive functions in patients with tramadol-dependence

Duration of dependence

Socioeconomic status Years of education

Age
r P value r
Trail A® 021 .590 079
Trail B .051 174 085
WMS-R
Information and orientation® -.043 .259 -154"
Digit span backwards® -170" <.001 -165"
Digit span forwards® -.062 .100 -.085
Visual memory span backwards® -.032 .393 -130"
Visual memory span forwards” .023 .548 -.093"
Visual paired association I° -.022 561 .062
Visual paired association I1° -.025 .506 -110"
Verbal paired association I° -.019 612 -121"
Verbal paired association 11° -.073 .055 -.089
Total 1IQ .004 914 -112

Bold values are those with significant P-value.
*P < .05.; **P < .01.

?Higher scores indicate better function.
PHigher scores indicate slower function.

P value r P value r P value
036 -.092' 015 -132" <.001
026 -.075 050 -126" .001

<.001 1257 001 203" <.001

<.001 113" .003 219" <.001
026 1027 .007 085 023
.001 110" .004 098" .010
014 012 748 147" <.001
.100 .080° .033 138" <.001
.003 101" .007 165" <.001
.001 094 013 175" <.001
017 a11” .003 169" <.001
.003 024 .518 074 .050
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The negative correlations that were found between memory
functions, intelligence tests, executive functions and duration
of dependence are in agreement with the previously mentioned
neural dysregulations and the increase of its severity with pro-
longed substance dependence. On the other hand, the positive
correlation that was found between cognitive functions and the
years of education was in agreement with Latvala et al** who re-
ported in their population-based study that Poorer verbal intel-
lectual ability was accounted for by parental and own low basic

education.

5 | CLINICAL IMPLICATIONS

During the early stage of abstinence, the higher cognitive func-
tions are essential to consolidate recovery and to take control
over the impulsive-compulsive brain circuits. Hence, identifying
cognitive deficits could be a useful tool in tailoring more efficient
management plans. Additionally, the results of this study highlight
the benefits of cognitive behavioral therapy in improving recovery
outcomes.

6 | CONCLUSION

Our results showed that Tramadol dependence has deleterious ef-
fects on cognitive performance, which improves rapidly when ab-
stinence is extended. The improvement in cognitive functions was
not complete, and the performance in cognitive tests was still below
the level of nondependent controls. More years of education and
higher socioeconomic status were associated with better cognitive
functions. On the contrary, longer duration of dependence was as-

sociated with worse cognitive functions.

7 | STRENGTHS AND LIMITATIONS

As far as we know, this is the first Egyptian study addressing the
issue of cognitive functions in TD patients in a prospective way. The
study also used specific and validated psychometric tools for the as-
sessment of multiple cognitive functions. The relatively small sample
size, the long duration of follow-up visits and the increased number
of drop-outs were some major limitations of our study.
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