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Abstract

Background: Facial emotion recognition (FER) is an important social skill. Some studies have determined the capability of FER in
substance abusers, but their results are contradictory.
Objectives: This study aimed to investigate FER ability in opioid antecedent subjects and mixed opioid-methamphetamine an-
tecedent subjects under methadone maintenance therapy compared to a control group.
Methods: Following a retrospective cohort design, 71 methadone-maintained subjects (MMS) (40 individuals with a history of only
opioid use disorder and 31 patients with a history of both opioid and methamphetamine use disorder) and 40 healthy participants
filled the Persian version of Ackman and Friesen facial emotion experiment, which were matched based on age, education, and
gender. Demographic and substance use characteristics were evaluated. Both groups were similar concerning the duration of the
opioid use disorder, methadone maintenance treatment, and currently prescribed methadone dose. Data were analyzed using the
chi-square, independent t-test, one-way ANOVA, and Welch test. Statistical significance was considered when P-value < 0.05.
Results: Total FER scores were significantly lower in MMS compared to the control group. Concerning the subgroups, recognition
of sadness was impaired in patients with a history of opioid use disorder (with and without a history of methamphetamine use
disorder), while in recognition of anger and wonder, patients with both opioid and methamphetamine use disorder history had a
significantly lower performance. There was no other significant difference between the groups.
Conclusions: The findings suggest that social cognition deficit should be considered in strategies related to the addiction (both
treatment and rehabilitation).
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1. Background

Facial emotion expression (FEE) is defined as facial
changes caused by internal emotional states, intentions,
or social connections (1). In addition to the transfer of
emotions, it can transmit intentions, physical efforts, and
other interpersonal and intrapersonal feelings. The ability
to recognize FEEs has a major role in non-verbal commu-
nication skills, which are necessary for successful compro-
mise and environmental manipulation; hence, their ab-
sence may result in poor communication and disruptive

behavior (2). Previous studies showed that various disor-
ders can intervene with the ability to recognize facial emo-
tional representations. For instance, people with depres-
sive disorders often suffer from significant problems in
the identification of facial expressions (3). Also, those with
obsessive-compulsive disorder, as opposed to depressed in-
dividuals, are less likely to recognize disgust and anger (4).
In addition, studies conducted on patients with psychotic
disorders such as schizophrenia reported impairments in
recognition of FEE (5). Moreover, some studies on the FEE
have especially focused on substance abusers; However,
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conflicting results are reported. There is evidence regard-
ing an association between the use of different types of
substances and impaired facial emotion recognition (FER)
(6-11). For instance, concerning alcohol abuse, some stud-
ies reported potential severe damages to the recognition
of facial emotional manifestations. In addition, alcohol
abusers have less accuracy in recognition of sadness and
disgust, and they require more effort to recognize the emo-
tional manifestations attributed to fear and anger (8, 12).
Furthermore, Giuseppe Craparo et al. found that heroin
addicts not only were slower in doing predefined tasks but
also were less accurate in FER compared to healthy controls
(11). Nejati et al. reported that cases with opium use disor-
der had lower performance in detection of sadness, hap-
piness, and anger compared to the control group (13). On
the other hand, Martin et al. demonstrated that patients
with opiate use history who were on MMT had more accu-
racy in facial recognition of disgust compared to ex-opiate
users. They also found that both opiate-exposed groups
were similarly slower in recognition of sadness compared
to the control group (14). Nonetheless, there are studies
that found no difference in FER among substance users
and healthy participants (15, 16). From a biological per-
spective, based on neuroscience studies, the insula, amyg-
dala, anterior cingulate, and orbitofrontal cortex are im-
portant regions of the brain in the processing of facial ex-
pressions (17-20). There is also a line of evidence that sug-
gests these regions are affected by substance abusers (19,
20). Hence, the deficit in FER ability is not unexpected. Nev-
ertheless, some other studies did not succeed in reaching
compelling results (15, 16, 21, 22).

Substance use disorders are relapsing and chronic
global phenomena that can affect cognition, emotions, un-
derstanding, and social relations of affected people. It is
worth noting that relapse is a major challenge that ad-
diction therapists are usually faced. Impaired FER ability
in substance users may cause misconceptions and disrup-
tion of social relations, which in turn may lead to interper-
sonal aggression and social alienation. These alterations
may cause stress and negative feelings, which are associ-
ated with an increased risk of relapse and substance abuse
continuation (9). Hence, better identification of different
aspects of this problem is useful for the prevention of both
the onset and recurrence of this harmful phenomenon
(23).

2. Objectives

The current study aimed to investigate the FER ability
in methadone-maintained subjects with and without a his-
tory of methamphetamine use disorder compared to the
healthy control group.

3. Methods

3.1. Participants

Following a retrospective cohort design, volunteer par-
ticipants were recruited from the private methadone clin-
ics in the city of Ghaemshahr (north of Iran) from Novem-
ber to December 2018. Participants were categorized into
three groups of methadone-maintained cases with a his-
tory of opioid use disorder (according to DSM-5 crite-
ria) and methadone-maintained patients with a history
of both opioid and methamphetamine use disorder (ac-
cording to DSM-5 criteria) (two groups). Those in groups 1
and 2 were under methadone maintenance therapy (MMT)
for at least 6 months and did not have a history of alco-
hol or other substance use disorder, except for nicotine.
In addition, their multi-drug urine analysis on the exper-
iment day was negative, except for the methadone. The ex-
clusion criteria included being younger than 19 years old,
race other than Mazani, history of any other psychiatric
disorder, intellectual disability, history of head trauma
with loss of consciousness for more than two minutes, any
neurological disease, and visual impairment. All evalua-
tions were performed by a psychiatrist, who was a mem-
ber of the research team. Initially, three MMT clinics (as
three clusters) were selected from three different regions
of the city. For each group (patients with a history of only
opioid use disorder and patients with both opioid and
methamphetamine use disorders), a separate list of clients
was prepared by emphasizing the variable of age. Then,
a number of participants were selected randomly from
each group. To match study groups concerning genetic
and cultural characteristics, group 3 (controls) consisted
only male healthy concomitants of those participants, who
were matched concerning the variable of age. Because we
could not find a sufficient number of female patients on
MMT, in order to match study groups concerning the vari-
able of gender, as a potentially confounding variable, we
decided to only include male participants. For those in the
control group, the multidrug urine analysis of all partici-
pants was negative on experiment day. The sample size was
calculated using the G Power version 3.0.10. Also, the one-
way ANOVA test was used for intragroup comparison of the
FER score.

The sample size was estimated as 28 subjects per group
(a total of 84 participants), based on the effect size (0.4)
with a 95% confidence level (α = 5%, type I error), and a
test power of 90% (β = 10%, type II error). By consider-
ing a dropout rate of 50%, the number of participants in
each group was increased to 42 subjects. Those with an
incomplete questionnaire were excluded from the study.
The study protocol of the current study is approved by the
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Ethics Committee of the Mazandaran University of Medi-
cal Sciences (Reg. IR.MAZUMS.REC.1398324). In addition, af-
ter explaining the objectives and methodology of the study
to all potential participants, written informed consent was
obtained if agreeing. Initially, using some checklists, data
on demographic characteristics and substance history of
participants were collected. Afterward, participants were
evaluated using the Ekman and Friesen facial expression
experiment.

3.2. Instruments

3.2.1. Demographic and Substance History Checklist

Data on age, educational level, history of substance
use disorder, and current MMT were collected using a self-
report researcher-made questionnaire.

3.2.2. Ekman and Friesen Facial Expressions Experiment

Moosavian et al. Evaluated the validity of the Persian
version of Ekman and Friesen facial expressions experi-
ment on a sample of Iranians (24). The experiment con-
tains 41 black and white photos of normal facial emotion
expression. There were 6 photos for each of the fundamen-
tal emotions, including sadness, happiness, disgust, anger,
wonder, and neutral state, while just 5 photos were related
to the fear state. Initially, by showing a picture of each of
the emotions, the type of emotion was taught to the indi-
viduals in order to ensure the sufficiency of their knowl-
edge about the types of emotions. The pictures used at this
stage were 7 cards (30 × 20 cm). Then, participants were
asked to seat on a comfortable chair at a distance of 40
cm from the computer screen. After describing the exper-
imental method, 41 other photos were displayed sequen-
tially on a 16-inch tablet screen for 500 milliseconds. After
submitting each photo, subjects had 5 seconds to name the
emotion. The final results were calculated based on the to-
tal number of correct answers for each emotion. The over-
all score was equal to the sum of all emotions’ scores. The
experiment was carried out by an experienced psycholo-
gist who was blinded to study group allocation.

3.2.3. Statistical Analysis

Data were analyzed by SPSS version 21 using the chi-
square test, independent t-test, one-way ANOVA, and Welch
test (and Scheffe and Tamhane post hoc test). Statistical sig-
nificance was considered when P-value < 0.05.

4. Results

A total of 71 male participants on MMT and 40 healthy
male concomitants completed the study. The mean age of

participants was 37.02 ± 8.39 years. The youngest and old-
est participants were 20 and 58 years old. There was no sig-
nificant difference between the three groups concerning
the variables of age and educational level. The mean dura-
tion of methamphetamine use was 4.83 ± 3.72 years, and
for opioid use mean duration in groups 1 and 2 was 11.42
± 7.56 and 11.26± 7.26 years, respectively. There was no sig-
nificant difference between the two groups concerning the
duration of opioid use. Also, the duration of MMT and cur-
rent dose were similar between the two groups. The Lev-
ene’s test was used to evaluate the equality of variances of
age, duration of opioid use, duration of MMT, and current
methadone dose variables between the study groups. De-
mographic characteristics and history of substance use of
three study groups are described in Table 1.

One-way ANOVA revealed a statistically significant dif-
ference between the study groups.One-way ANOVA re-
vealed an overall statistically significant difference in
groups’ means, regarding to total recognition, sadness,
and anger and wonder score.. According to Levene’s test,
the variance of variables of wonder and anger was not sim-
ilar between the study groups. Therefore, a robust test
(Welch) was used for these variables, and the results were
in line with those of the ANOVA (Table 2).

Regarding the total recognition score, the post hoc test
(Scheffe (demonstrated that the mean total FER score in
groups 1 and 2 was significantly lower compared to the con-
trol group (P = 0.005 and P = 0.001, respectively). Also,
those in groups 1 & 2 had lower performance in recogni-
tion of sadness compared to the control group (P = 0.02
and P = 0.04, respectively). Regarding recognition of won-
der and anger, the Tamhane post hoc test showed that
methadone-maintained patients with a history of both
opioid and methamphetamine use disorder had a signif-
icantly lower ability to recognize wonder (P = 0.011) and
anger (P = 0.013) compared to the control group.

5. Discussion

This study demonstrated a significant deficit in to-
tal FER accuracy score in methadone-maintained subjects
(with and without a history of methamphetamine use dis-
order) compared to the healthy control group. Regarding
the various type of emotions, recognition of sadness was
impaired in patients with a history of opioid use disorder
(with and without methamphetamine use disorder his-
tory), while in recognition of anger and wonder, patients
with both opioid and methamphetamine use disorder his-
tory had significantly lower performance. Some studies
evaluated the FER ability in individuals with a history of
opiate use disorder; however, the reported results are con-
tradictory. Kornreich et al. evaluated emotion recogni-
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Table 1. Participants Demographic and Substance History Characteristicsa

Variable Group 1 (n=40) Group 2 (n=31) Group 3 (n=40) P-Valueb

Age (mean ± SD) 38.45 ± 7.64 38.19 ± 7.41 34.70±7.64 0.089

Education 0.124

Illiterate (n) 2 1 0

Primary high school (n) 16 9 10

Secondary high school (n 12 18 18

University (n) 10 3 12

Duration of opioid use in year (mean ± SD) 11.42 ± 7.56 11.26 ± 7.26 - 0.925

Duration of methamphetamine use in year(mean ± SD) - 4.83 ± 3.72 - -

Duration of methadone maintenance treatment in year (mean ± SD) 5.45 ± 2.32 5.45 ± 2.25 - 0.998

Current methadone dose in milligram (mean ± SD) 69.75 ± 29.35 69.03 ± 31.02 - 0.921

aGroup 1: methadone-maintained patients with a history of opioid use disorder; Group 2: methadone-maintained patients with a history of both opioid and metham-
phetamine use disorder; Group 3: healthy control subjects.
bP-value < 0.05 was considered significant

tion performance in four groups of patients who under-
went detoxification from alcohol recently, those with a his-
tory of opiate addiction on MMT, opiate addicts detoxified
recently, detoxified patients with a history of both opiate
and alcohol dependence. They reported that all partici-
pants had lower accuracy concerning the FER compared to
the healthy controls (8). In the same vein, Giuseppe Cra-
paro et al. showed that heroin-addicted participants not
only were slower in doing the tasks but also had lower
accuracy in FER compared to the healthy controls. They
also reported that the deficit was correlated to the alex-
ithymia score (11). Nejati et al. demonstrated that the per-
formance of patients with opium use disorder in FER task
was lower compared to the control group. Concerning the
type of emotions, they reported that participants had less
accuracy, only concerning the detection of sadness, hap-
piness, and anger (13). The observed difference between
the findings of the present study and some other studies
can be attributed to the methodology of FER evaluation
and the mean age of participants, which was higher in the
present study) (25). Meanwhile, Martin et al. demonstrated
that patients with opiate use history who were on MMT ob-
tained higher scores concerning the variable of recogni-
tion of facial display of disgust compared to the ex-opiate
users (14). This result may be due to the increased expo-
sure to others’ facial expressions of disgust (14). In addi-
tion, there are various confounding variables such as cul-
ture and race. In contrast to the findings of the present
study, they reported no difference concerning FER accu-
racy scores between the study groups. Probably, except
for variables of race and cultural background, there are
some other confounding factors that have contributed to
this difference. For instance, we can mention exposure to

other substances like alcohol, crack, cannabis, and ben-
zodiazepines 30 days prior to the test (14). Last but not
least, Zhou et al. showed that abstinent heroin abusers had
better performance in the detection of negative emotions
(26). These results, as mentioned above, can be attributed
to increased exposure to other facial expressions of nega-
tive emotions that may be influenced by culture and race.
There are neurobiological evidence that can be used to ex-
plain the lower performance of addicts in emotional recog-
nition tasks. Some previous studies reported impaired ac-
tivity of various regions of the brain that are responsible
for emotion processing including the insula, anterior cin-
gulate, orbitofrontal cortex, and amygdala among drug
users (13). Therefore, the deficit in FER ability is not un-
expected. Moreover, in the present study, patients with
no history of both opioid and methamphetamine use dis-
order had lower performance in total FER score, particu-
larly regarding the detection of sadness, anger, and sur-
prise. Consistent with the results of the present study,
Henry et al. demonstrated that individuals with a history
of methamphetamine dependence for at least six months
of abstinence and currently engaged in rehabilitation pro-
grams had significant impairments in FER ability (10). In
the same vein, Kim et al. reported that methamphetamine
abusers had lower performance in FER and theory of mind
tasks compared to the controls (9). Not surprising, they
found a higher level of impaired recognition of fearful fa-
cial expressions in methamphetamine abusers compared
to the control group. While, we found no significant dif-
ference between the study groups concerning the recogni-
tion of happiness, sadness, anger, and natural status. From
a neurobiological perspective, the orbitofrontal cortex is
the main part of the brain that has a role in the FER pro-
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Table 2. Intra-Group Comparison of the Study Groups Concerning the Total Emotion Recognition Score and Different Types of Emotionsa

Group Group 1 (n = 40) Group 2 (n = 31) Group 3 (n = 40) Total (n = 111) P Valueb F

Total recognition

Mean ± SD 29.68 ± 4.38 28.81 ± 5.20 32.98 ± 3.91 30.57 ± 4.78 0.001 9.70

95%Confidence interval 28.27 - 31.08 26.74 - 30.49 31.73 - 34.22 29.67 - 31.47

Happiness

Mean ± SD 5.88 ± 0.40 5.81 ± 0.48 5.83 ± 0.68 5.84 ± 0.53 0.852 0.16

95%Confidence interval 5.75 - 6.00 5.63 - 5.19 5.61 - 6.04 5.74 - 5.94

Sadness

Mean ± SD 4.25 ± 1.37 4.26 ± 1.51 5.10 ± 1.19 4.56 ± 1.40 0.008 5.03

95%Confidence interval 3.81 - 4.69 3.71 - 4.81 4.72 - 5.48 4.30 - 4.82

Fear

Mean ± SD 1.60 ± 1.50 2.16 ± 1.21 2.33 ± 1.47 2.02 ± 1.44 0.063 2.84

95%Confidence interval 1.12 - 2.08 1.72 - 2.61 1.85 - 2.80 1.75 - 2.29

Wonder

Mean ± SD 5.40 ± 1.08 5.13 ± 1.15 5.78 ± 0.62 5.46 ± 0.99 0.011 4.83c

95%Confidence interval 5.05 - 5.75 4.71 - 5.55 5.58 - 5.97 5.27 - 5.65

Anger

Mean ± SD 3.85 ± 1.70 3.13 ± 1.84 4.33 ± 1.37 3.82 ± 1.69 0.013 4.61c

95%Confidence interval 3.82 - 1.69 2.45 - 3.80 3.89 - 4.76 3.50 - 4.14

Disgust

Mean ± SD 3.55 ± 1.99 3.55 ± 1.67 4.35 ± 1.63 3.84 ± 1.81 0.080 2.59

95%Confidence interval 2.91 - 4.19 2.94 - 4.16 3.83 - 4.87 3.50 - 4.18

Natural

Mean ± SD 5.15 ± 1.15 4.74 ± 1.16 5.28 ± 0.78 5.08 ± 1.05 0.089 2.47

95%Confidence interval 5.08 - 5.52 4.32 - 5.17 5.02 - 5.53 4.88 - 5.28

aGroup 1: methadone-maintained patients with a history of opioid use disorder; Group 2: methadone-maintained patients with a history of both opioid and metham-
phetamine use disorder; Group 3: healthy control subjects. Total recognition: total recognition score.
bP-value < 0.05 considered significant.
cWelch statistics

cess (27). There is a line of evidence that suggests that the
orbitofrontal cortex undergoes some neurochemical and
functional change in methamphetamine abusers. Those
with a history of methamphetamine use had elevated and
declined orbitofrontal glucose metabolism, respectively,
in early and late abstinence (28, 29). Moreover, some stud-
ies reported declined orbitofrontal dopamine and sero-
tonin transporters density in this population (30, 31). How-
ever, further studies are needed to extend our knowledge
about these findings. Meanwhile, as mentioned above,
some previous studies demonstrated a deficit in fear recog-
nition in individuals with methamphetamine use disor-
der. Furthermore, there are evidence that some impair-
ments in the amygdala activation in methamphetamine
abusers compare to their healthy counterparts (9). The
amygdala is an important part of the brain that has a ma-

jor role in emotion recognition. Some neuropsychologi-
cal studies showed that damage to the amygdala may lead
to a deficit in recognizing negative facial emotion expres-
sions, particularly fear, sadness, and disgust (32, 33). In the
present study, groups 1 and 2 had significantly lower accu-
racy in the detection of facial expressions of sadness, but
there was no difference between the three groups concern-
ing the ability to recognize fear and disgust. It can be at-
tributed to factors such as a history of concomitant use of
opioids that should be considered as a potential confound-
ing factor.

Moreover, in the present study, patients with a his-
tory of opioid use disorder (with and without metham-
phetamine use disorder history) were on MMT. Hence,
methadone use should be considered as a confounding
factor. Previous studies demonstrated that methadone
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may cause acute-on-chronic sedative effects when is ad-
ministrated in opiate users (34, 35). Besides, methadone
can decrease the speed of psychomotor activity (36, 37).
Hence, it can be assumed that impaired cognitive abil-
ity due to methadone consumption probably has affected
the results. In our patients, methadone dose and dura-
tion of methadone therapy were similar between the study
groups. Therefore, if we accept that methadone treat-
ment leads to impaired detection of sadness and overall
deficit in facial emotion expression, lower performance
of patients with a history of both opioid and metham-
phetamine use disorder in recognizing wonder and anger
cannot be justified. Also, as mentioned before, some dif-
ferences between the results of this research and previous
studies may be due to the applied methodology such as
used tasks, heterogeneity in gender, age, and other con-
comitant substances use, particularly alcohol.

Generally, it seems that the findings of the present
study are in line with most of the previous studies and pro-
vide further support to assert deficit in FER performance
in patients with a history of substance use disorder. Nowa-
days, it is well proved that the ability to identify facial emo-
tional expression is an important social skill; hence, im-
pairment in this area may result in social communication
problems, which may lead to distress and negative feel-
ings that in turn may result in an increased risk of relapse.
Hence, it is necessary to consider this impairment in treat-
ment and rehabilitation strategies in order to achieve bet-
ter outcomes.

It is necessary to mention some limitations and
strengths of our study. The most important strength of
this study was matching the study groups concerning the
confounding factors like gender, age, race, education level,
and history of other substance abuse; however, personal
traits were not considered in the study. Hence, it can be
considered as a potential source of bias. Moreover, we
did not evaluate other cognitive domains. Moreover, cau-
tion should be taken when generalizing the findings, as
the findings are related to a particular sample in a single
city. Future studies should consider other confounders re-
lated to functional neuroimaging and cellular and molecu-
lar evaluations, which will improve the clarity of different
aspects of social cognition.

5.1. Conclusions

This study demonstrated that patients with opioid
use disorder and those with both opioid and metham-
phetamine use disorder had a lower level of FER compared
to the controls. Given that deficit in FER may cause vari-
ous difficulties in interpersonal relations, social cognition
deficit should be considered in strategies related to the ad-
diction (both treatment and rehabilitation).
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