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Methamphetamine impairs social conformity during risk
decision-making
Hui Ai1,†, Jiahui Li1,†, Yuxuan Zhang1, Xue Ma1, Ti-fei Yuan2*, Pengfei Xu3,4,5*
Social conformity represents the propensity to align one's own a tude and behavior with the majority's, which is cri cal for adapta on to
social norms. Methamphetamine abuse has been widely associated with risk-seeking and norm viola on. However, whether risk a tude and
behavior in individuals with methamphetamine use disorder (MUD) could be modulated by social conformity has remained unclear. Here, we
report that MUD par cipants exhibited increased risk-taking behavior and reduced social conformity. Compared to controls, the MUD group
showed decreased conformity when observing other's risk-averse decisions but increased conformity when observing other's risk-seeking
decisions. Our model based on other-conferred u lity (OCU) demonstrated a enuated OCU and increased risk preference in the MUD group.
Importantly, OCU was signiﬁcantly correlated to the degree of MA abuse. Taken together, our results suggest that social conformity is impaired
in individuals with MUD, which might exacerbate their impulsivity in drug abuse behavior.
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INTRODUCTION
Humans are naturally motivated to maintain meaningful social
relationship with others (1). Social conformity implies the ability
to incorporate others’ responses into one’s action and decisionmaking, which is beneficial to social integration (2). Whether to
seek the reward of social acceptance or to avoid punishment for
violation of social norms, conformity is underlain by reinforcing
social feedback (3). Neuroimaging findings have shown a set of
brain areas in response to conformity, including the ventromedial
prefrontal cortex (vmPFC), anterior insula (AI), dorsal anterior
cingulate cortex (dACC), and ventral striatum (2–5). While appropriate conformity could facilitate the elicitation of appropriate
social responses and aid the obtainment of social approval (6),
inappropriate conformity might result in maladaptive behavior or
violation of social norms.
Abuse of illicit substances violates social norms and laws. Drug
dependence, for example on methamphetamine (MA), is associated
with impaired social functioning, increased aggression, as well
as social isolation (7). These alterations are potentially due to
disrupted frontal lobe functioning (8). In addition, individuals with
methamphetamine use disorder (MUD) have a tendency to make
risky decisions, accompanied by increased neural activity in the
dorsolateral prefrontal cortex (dlPFC), AI, dACC, and striatum (9–
11). Shared neural substrates for drug dependence and social
conformity imply potential interactions between them. Although
socialization and social conformity are crucial to initial drug
abuse (12), the role of social conformity in risk preference of
individuals with MUD remains unclear.
In the present study, MUD and healthy control (HC) participants
were recruited for a social conformity task which required them
to make decisions under different peer conditions with non-social
(NS), social safe (SS), social risky (SR), and social mixed (SM)
information (Fig. 1). Using a model that demarcates other-conferred
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utility from subjective value (5), we aimed to evaluate the modulation of social conformity on risk preference and reward-seeking in
individuals with MUD.

Fig. 1. Procedure of experimental task. In each trial, two op ons were presented for
4.5 s with (social) or without (nonsocial) informa on of two other players' decisions
for reference. Par cipant had 6 s to make a selec on from two op ons with the same
probability to obtain diﬀerent gains. The response/selec on of the par cipant was
presented for 0.8 s followed by a 0.6 ~ 0.9 s inter-trial interval (ITI).

RESULTS
Increased risk-taking behavior and reduced social conformity in
MUD
In general, the MUD group showed significantly increased risktaking behavior compared to the HC group (t(118) = 3.221, p =
0.002; Fig. 2a). The conformity analysis by using a 2×2 ANOVA
with Condition (SR and SS) as the within-participant factor and
Group (MUD and HC) as the between-participant factor showed
a significant main effect of Condition (F(1) = 11.829, p < 0.001)
and a significant Condition × Group interaction (F(1) = 7.967, p =
0.006), but a non-significant main effect of Group (F(1) = 0.409, p
= 0.524; Fig. 2b). Specifically, conformity was significantly higher
in the SR compared to the SS condition (p = 0.048). Post hoc
comparisons revealed that conformity was significantly higher in
the SR condition compared to the SS condition in the MUD group
(F = 37.950, p < 0.001), but not in the HC group (F = 0.130, p =
0.721); conformity of the MUD group was significantly lower than
that of the HC group in the SS condition (F = 5.570, p = 0.020).
We investigated the relationship between social conformity and
distance from others on the probability of choosing the risky option
(see Materials and Methods on how distance was computed in the
SR and SS conditions). Pearson’s correlation analyses showed that
conformity correlated significantly with distance in the SS condition
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(r = -0.791, p < 0.001) but not the SR condition (r = -0.193, p =
0.299) in the HC group. Conformity correlated significantly with
distance in both SR (r = -0.701, p < 0.001) and SS conditions (r
= -0.633, p < 0.001) in the MUD group (Fig. 2c). The correlation
coefficient was significantly higher in the SR condition compared to
the SS condition in the HC group (Z = -3.059, p = 0.002) but not in
the MUD group (Z = -0.826, p = 0.409). For the SR condition, there
was a significant group difference between correlation coefficients,
with the MUD showing a stronger negative association between
social conformity and distance compared to the HC group (Z =
3.097, p < 0.001). For the SS condition, there was only a marginally
significant group difference between correlation coefficients (Z =
1.506, p = 0.066).
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The independent-sample t-test on risk preference (Rho) showed
a significant difference between the two groups (t(113) = 7.798, p <
0.001; Fig. 3a). The independent-sample t-test on other-conferred
utility (OCU) also showed a significant group difference (t(113)
= 2.71, p = 0.008; Fig. 3b). There was a significantly positive
correlation of OCU with the difference of probability on risky
option selection between SR and NS (r = 0.769, p < 0.001) and
a significantly negative correlation with the difference between SS
and NS (r = -0.734, p < 0.001; Fig. 3c) across the two groups,
confirming that the OCU model could differentially predict social
influences on individual’s choices in different situations.
Social conformity abnormality in MUD
Partial correlation analyses revealed that after controlling for age,
age at first MA use and level of education, OCU was negatively
correlated with amount of MA use (∆ amount, r = -0.232, p = 0.034,
Fig. 4a), but not frequency of MA use (∆ frequency, r = 0.200, p =
0.068), Fig. 4b).

Fig. 2. Risk behavior and social conformity. (a) Probability of risky choice in the
two groups; (b) Social conformity of the two groups in SS and SR condi ons; (c)
Social conformity as a func on of social distance between self and others in SS and
SR condi ons. NS, nonsocial condi on; SM, social mixed condi on; SS, social safe
condi on; SR, social risky condi on; HC, healthy control; MUD, methamphetamine
use disorder.

Next, we conducted a mixed effect logistic regression model
to examine the modulation of social conformity on sensitivity
toward reward probability in the MUD group, with likelihood of
risky choice as the dependent variable and Group (MUD and HC),
Condition (NS, SS, and SR), and Probability for a high potential
gain (40%, 50%, 60%, 70%, 80%, and 90%) as independent
variables. The results of the mixed effect model revealed that
Condition (Z = 2.908, p = 0.004), Group (Z = -3.454, p < 0.001),
interaction between Probability and Condition (Z = -1.982, p <
0.048) significantly contributed to the likelihood of risky choice
(Fig. S2). See Tables S1-5 for results of F-tests and post hoc tests
with Tukey’s corrections for multiple comparisons.
Model analyses
In combination of the power function of prospect theory and
the OCU model (5), we estimated preferences of risk and social
conformity simultaneously (see Materials and Methods for model
specifications).

Fig. 3. Risk and social conformity preferences. (a) Es mated risk preference (Rho) in
the groups; (b) Es mated social conformity preference in the two groups; (c) Social
conformity preference was highly correlated with the diﬀerence between probability
of risky choice in social risky and nonsocial condi ons (SR-NS), as well as with that
between probability of risky choice in social safe and nonsocial condi ons (SS-NS)
across the two groups.

Vol.1(5), 2020

Fig. 4. Severity of methamphetamine (MA) use contributed to deﬁcit of social
conformity. Social conformity preference as a func on of (a) amount and (b)
frequency of MA intake. Note that ∆ indicates results of par al correla on analyses
that controlling for age, age at ﬁrst MA use and educa onal level.

DISCUSSION
The present study reported a model-based explanation of reduced
social conformity during risk decision-making in individuals with
MUD. The results indicated the “rigid” type of risk decision-making
in individuals with MUD. The effect is correlated to their drug
intake amount, indicating a potential link between reduced social
conformity and addictive behavior.
Social influences on drug intake behavior are vast and bidirectional (7). Adolescents are prone to drug intake or impulsive
behavior, with peer pressure acting as a high-risk factor for progression into abuse (13). While social support and society re-entry
programs are effective for relapse prevention and full rehabilitation
from addiction (14), social violation is a common behavior for
drug dependents (15). Social conformity therefore represents a
potential evaluation index for social functioning impairment and/or
an effectiveness indicator for rehabilitation programs. The OCU
model provides an integrated function which incorporates others’
choices into one’s own risk-taking behavior (5). Our current crosssectional analyses, however, did not fully address the possibility that
social conformity changes during abstinence; this warrants future
longitudinal design to elucidate the trajectory of social conformity
functioning at different stages of drug addiction.
Social signals of danger confer the boundary of “safe” behavior.
The reduced social conformity during risk decision-making therefore contributes to the increased risky behavior. Previous studies
reported higher impulsivity in individuals with MUD, correlated
to reduced D2 receptor availability at the striatum and enhanced
mesocorticolimbic functional connectivity (11). The aberrant neural
75
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connectivity and molecular signaling in ventromedial prefrontal
cortex and ventral striatum might contribute the altered coding and
functioning of social conformity signals (9, 10). This yet requires
further neuroimaging studies on social conformity in individuals
with MUD.
Consistent with previous studies of social conformity, we
observed an asymmetric pattern in the way that others’ choices
could influence observers’ choices. In general, people conformed
more with others’ safe option selection than others’ risky option
selection. However, this asymmetry was absent in the MUD group,
who showed high conformity with others when observing risktaking behavior. These results suggest that individuals with MUD
are not only risk-seeking themselves, but also susceptible to others’
risky behavior. Therefore, from a social perspective, successful
addiction intervention might well depend on the avoidance of
social influence and peer pressure in order to prevent or reduce
drug intake behavior in individuals with MUD. It has been proposed
that conformity behavior is driven by informational and normative
motivations which aim to facilitate appropriate social responses
and promote social acceptance respectively (6, 16). Although
informational motivation was not experimentally differentiated
from normative motivation in the present study, the increased
risk preference together with decreased social conformity jointly
indicate excessive reward-seeking regardless of informative and
normative suggestions in individuals with MUD.
This study has some limitations. Firstly, the sample size was relatively small, and limited to participants during a period abstinence
from MA; it would be interesting to recruit active drug users with
MUD and measure their social conformity level. Generalizability
of the findings might also have been compromised by exclusion of
heroin-mixed use participants, which is common in individuals with
MUD (17). Secondly, the study did not address any potential difference between social signals from “drug use partners” and those
from “anonymous partners”. Earlier findings suggested that social
signals could transmit information about relapse and/or increase
drug abuse behavior (18). Investigation into the degree of social
conformity to “drug use partners” in drug intake behavior would
provide clinically useful information in relapse risk evaluation.
Thirdly, although the neural substrates underlying social conformity
have previously been examined, the current study did not include
any neurophysiological measurements during the task; it would be
helpful to identify potential neural processing differences during
social conformity decision-making between healthy individuals and
those with MUD, which would in turn provide potential targets for
future intervention with brain stimulation, for instance.
In conclusion, our results demonstrated reduced social conformity of individuals with MUD in risk decision-making. The
findings refine our understanding on how social signals influence
decision-making in MUD individuals. The results also support the
wide implementation of social-based addiction intervention.

MATERIALS AND METHODS
Par cipants
A total of 89 male individuals with MUD and 31 healthy control
(HC) participants were recruited for this study (Table 1). The
inclusion criteria of MUD were as follows: 1) met the Diagnostic
and Statistical Manual of Mental Disorders, 5th Edition (DSM-5)
criteria in a structured interview; 2) had been using only MA (and
no other drug) for at least one year; 3) the use of MA lasted for at
least a month with frequency of intake of at least three times per
Vol.1(5), 2020
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week; and 4) the amount of MA intake was more than 0.1 g per
day prior to abstinence. All participants had normal or correctedto-normal vision. None of the participants reported any current
neurological diseases, or other severe bodily diseases. The study
was approved by ethic committee of Shenzhen University, and all
procedures were in accordance with the Declaration of Helsinki. All
participants provided written informed consent and participated in
the study voluntarily.

Task design
For the task, information on risk and social conformity was
presented as previously described (5). In each trial, participants
made choices between two options (Fig. 1). Each option consists of two probabilities to obtain high and low potential gains,
respectively. The two options in each trial have same probabilities
but different magnitudes of gains. The option with a smaller
variance of magnitude was defined as the safe option, while the
one with a larger variance of magnitude was the risky option.
Participants made decisions either with or without the knowledge
of the other two players’ selection. Participants were instructed
that their choices could also be randomly selected to provide to
others anonymously in the same way. At the end of the experiment,
participants were paid based on their responses to one randomly
selected trial during the experiment.
There were four conditions in the manipulations of social
information, including 1) nonsocial condition (NS) in which no
information about others’ decisions was provided, 2) social safe
condition (SS) in which information about the selection of the
safe option by both of the other players was provided, 3) social
risky condition (SR) in which information about the selection of
the risky option by both of the other players was provided, and 4)
social mixed condition (SM) in which information on the different
choices selected by the other two players (i.e., one selected the
safe while the other selected the risky option) was provided. For
each condition, there were six levels of probability (40%, 50%,
60%, 70%, 80%, and 90%) to obtain a high potential gain. Pairs
of high and low potential gain were selected from a previous
study (5). In total, the experiment consisted of 96 trials with 24 per
condition and 4 per level of probability. All trials were randomly
presented across participants using PsychToolbox-3 in MATLAB
2018a (MathWorks).
Data analyses
In general, to examine social influence on risk-taking behavior
in the MUD group, we analyzed behavioral responses to task
manipulation (absence and presence of social information) and
psychological preferences of risk and social conformity with the
76
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proposed model that in combination of other-conferred utility with
power utility function (5). Specifically, we calculated probabilities
of choosing the risky option and social conformity across NS, SS,
SR, and SM conditions in MUD and HC groups. Social conformity
was defined in terms of the probability of selecting the same option
as other two players in the SS and SR conditions. To test the
modulation of social influence on the sensitivity towards reward
probability, we calculated the probability of choosing the risky
option across different levels of probability of obtaining a high
potential gain in the two groups. To test the relationship between
social conformity and distance from others on the probability of
choosing the risky option, we defined distance in SR as (0 − p) and
distance in SS as (1 − p), where p was the probability of choosing
the risky option in NS.
Subjec ve preference es ma on
In the current study, we focused on subjective valuation of risk and
social conformity. Integrating other-conferred utility (OCU) with
power utility function, a recent proposed model has been shown
to fit individual’s decisions better than models of making decision
fully following others or not at all, or changing risk preference from
absence to presence of information about others’ choices (5). On the
basis of the OCU model, we estimated risk preference and social
conformity preference in the two groups.
)
(
)ρ (
u (nonsocial) = Phigh Vhigh + 1 − Phigh (Vlow )ρ
u (social) = u (nonsocial) + ocu
P (riskyoptionselection) = (1 + exp (−µ (u (risky) − u (sa f e))})−1
Where, u (nonsocial) represent the utility of nonsocial option, either
risky or safe. Phigh and Vhigh indicate the probability and value of
a high potential gain in each option respectively. µ is sensitivity
to changes of subjective difference between the two options. The
curvature of the utility function ρ represents risk preference, which
indicating risk-averse when ρ < 1 and risk-seeking when ρ > 1.
ocu indicates OCU which was only added to the utility of SR and
SS, but not SM or NS. Because the sign and range of OCU were not
restricted in the estimation, OCU was scaled to the range between
-1 and 1 using the following equation.
(
z (ocu) = 2 ×

)
ocui − min (ocu)
−1
max (ocu) − min (xocu)

Sta s cal analyses
An independent-sample t-test was conducted to examine risktaking behavior in the MUD group. Associations of conformity
with risk preference distance from others were tested with Pearson’s correlation analyses. To examine the modulation of social
conformity on sensitivity toward reward probability in the MUD
group, we conducted a mixed effect logistic regression model using
the lme4::lmer in R version 3.5.2 (http://www.r-project.org/). To
examine the contribution of MA use in social conformity preference
of individuals with MUD, we conducted partial correlation analyses
to test the relationships of OCU with amount and frequency of MA
use in the MUD group, and with age, age at first MA use, and
educational level as covariates.

Vol.1(5), 2020

Ai et al.

SUPPLEMENTARY MATERIALS
Supplementary materials for this ar cle are available at http://www.humanbab.net/qfy-content/
uploads/2020/10/2020010501SM.pdf
Supplementary Table 1. Results of the mixed eﬀect model with Choice as the dependent variable
and with Probability, Condi on, Group, and Magnitude of Poten al Gain as independent
variables.
Supplementary Table 2. Simple comparisons for the interac on between Probability and
Condi on. The p value was adjusted using Tukey's method.
Supplementary Table 3. Simple comparisons for the main eﬀect of Probability. The p value was
adjusted using Tukey's method.
Supplementary Table 4. Simple comparisons for the main eﬀect of Condi on. The p value was
adjusted using Tukey's method.
Supplementary Table 5. Simple comparison for the main eﬀect of Group. The p value was
adjusted using Tukey's method.
Supplementary Fig. 1. Probability of risky choice in four condi ons across groups. NS,
nonsocial condi on; SM, social mixed condi on; SS, social safe condi on; SR, social risky condi on;
HC, healthy control; MUD, methamphetamine use disorder.
Supplementary Fig. 2. Probability of risky choice increased with increased probability of high
poten al gain, which interacted with Condi on and Group. NS, nonsocial condi on; SS, social safe
condi on; SR, social risky condi on; HC, healthy control; MUD, methamphetamine use disorder.
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