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Correlation between loneliness, 
personality traits, and treatment 
outcomes in patients 
with methamphetamine use 
disorder
Tsung‑Yu Tsai1,2, Tzu‑Yun Wang2*, Huai‑Hsuan Tseng2,3, Kao Chin Chen2, Ching‑Ju Chiu4, 
Po See Chen2,3 & Yen Kuang Yang1,2,3

The aim of this study was to investigate whether loneliness and personality traits correlate with the 
treatment outcome of methamphetamine use disorder. In this 1-year longitudinal study, a total 106 
participants (98 males, 8 females), with a mean age 36.3 ± 9.6 years were enrolled. We measured 
UCLA Loneliness Scale and Tridimensional Personality Questionnaire at baseline, while craving level 
at baseline, week 12, 24, 36, and 48. Urinary methamphetamine tests were given 17 times. For the 
evaluation of the data, multiple linear regression and generalized linear mixed models were used. The 
baseline results showed lower levels of the harm avoidance trait and higher levels of loneliness were 
significantly associated with higher craving levels (p=0.04 and 0.04). Moreover, loneliness was not 
only positively associated with craving levels (B=0.05, p<0.01) but with urinary methamphetamine 
positive results (B= 0.08, p=0.03) during one-year treatment. The findings suggested that loneliness 
was associated with poor methamphetamine treatment outcome (greater craving levels and higher 
proportion of positive methamphetamine urine tests) and lower harm avoidance traits are associated 
with higher craving levels.

In the past decades, the use of methamphetamine-type stimulants increased rapidly worldwide. Over the period 
2009–2019, the quantities of methamphetamine seized increase almost ten times with a profound increase in 
East and South East Asia1. Those who abused methamphetamine-type stimulants commonly started in their late 
teenage years or their early twenties. Any application of methamphetamines increases the risk of cardiovascu-
lar injury2, neurological damage3, psychosis, violence, suicidality, depression, and dementia4,5. Those who had 
methamphetamine abuse were more likely to have domestic violence toward their intimate partners6, intentional 
self-inflicted injury or internal assaults7, and increased annual hospital costs8. Problematic methamphetamine 
use is less well defined, but methamphetamine use disorder is defined as “a pattern of amphetamine-type sub-
stance use leading to clinical significant impairment or distress when at least two of 11 criteria (Diagnostic and 
Statistical Manual of Mental Disorder, Fifth Edition, DSM-5) within a 12-month period” including a longer 
period or a larger amount consumption then intended, cravings, tolerance, and withdrawal9. Up to date, there 
is still no effective pharmacotherapy for methamphetamine dependence10. Therefore, it is warranted to explore 
and to identify the complex associations with the psychological and sociodemographic factors for individuals 
with methamphetamine use disorder.

Several papers across different countries and ethnicities reported personality traits play a vital role in subjec-
tive effects and addictive behaviors11–13. For example, individuals with lower harm avoidance traits were associ-
ated with greater positive activation effects of amphetamine but such association were not observed in those 
who have higher trait of impulsivity14. Individuals who were high in neuroticism and low in conscientiousness 
were more like to consume drugs15. Furthermore, higher levels of antisocial traits and aggressive traits in those 
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who had substance use disorder were significant predictors of higher drop out from treatment16. That using 
Cloninger’s Temperament Scales is an effective tool to explore the correlations between personality traits and 
substance-related behaviors17. Based on Cloninger’s theory of personality, Cloninger’s Tridimensional Personal-
ity Questionnaire consist of 3 domains: Novelty Seeking (NS), Harm Avoidance (HA), and Reward Dependence 
(RD). In Cloninger’s personality models, NS is characterized by low tolerance to boredom and a willingness to 
take risks for the sake of stimulations, HA is characterized by higher tendency to responds intensely to aversive 
stimuli and to learn to passively avoid punishment, and RD is characterized as a tendency to respond markedly 
to signals of reward18. NS and HA are associated with higher risk of substance abuse17,19. For example, those who 
had stimulant abuse reported higher scores of NS, while those who had opioid and hypnotics abuse reported 
higher scores of HA20. In addition, both human and rodent studies demonstrated that high novelty seeking can 
predict an earlier beginning stage of drug abuse and a transition to compulsive drug use and relapse21. Moreover, 
high levels of HA and NS are also associated with higher risk for the development of methamphetamine depend-
ence among methamphetamine users22. Substance abusers with higher level of NS and HA are associated with 
higher tendencies to suffer from somatic and emotional distress19. Nonetheless, there remains debate over RD 
as a reliable dimension of temperament23 and some studies tried to identify personal risk factors to reduce the 
severity of dependence and the odds of positive urine methamphetamine test in methamphetamine use disorder, 
their results remain inconclusive10,24.

Loneliness is a subjectively distressing feeling when an individual perceives a lack of quality or quantity in 
interpersonal relationships25. A host of reports indicate that loneliness is associated with mental health symp-
tomatology such as depression and anxiety, and addictive behaviors26. The feeling of loneliness is stronger with 
drug abuse than without. The feeling of loneliness increases the odds of abusing drugs and taking part in high risk 
behaviors27. Lonely individuals were found significantly correlated to compulsive internet use, excessive alcohol 
use, and problem gambling28. Furthermore, loneliness increased odds of using illicit opioids among those who 
received methadone maintenance treatment29. These addictive behaviors and drug abuse may damage one’s social 
networks, leading to loneliness in turn30,31. Although social supports may assuage loneliness and lead to healthier 
behaviors, loneliness oppositely diminished the positive association between social support and better health 
more profoundly32. However, the effects of loneliness on reducing the odds of positive urine methamphetamine 
tests and craving levels among those who have methamphetamine use disorder remain unclear.

In a recent study, the loneliness effects were longitudinally associated with the development of personality 
traits from late adolescence to early midlife. Loneliness was positively associated with neuroticism and nega-
tively with extraversion and agreeableness33. Furthermore, higher levels of loneliness predicted less perceived 
self-control and a tendency to avoid risks34. Loneliness positively correlated with anxiety and negatively with 
social risk-taking so that loneliness may positively correlate with HA35. The rank-order pattern for loneliness 
was as stable as the personality characteristics and which followed an inverted U-shape trajectory across the life 
span36. In one Korea study, dependent personality significantly correlated with smartphone addiction and loneli-
ness. In advance, loneliness partially mediated the relationship between dependent personality and smartphone 
addiction37. Both personality traits and loneliness are correlated with substance abuse, whereas there are scarce 
of studies examining the impacts simultaneously of loneliness and personality traits on the treatment outcome 
of methamphetamine use order.

In the current study, we investigate the associations between loneliness and personality traits, and treatment 
outcomes in patients with methamphetamine use disorder. We hypothesize that higher loneliness and greater 
tendency of NS and HA personality traits are associated with poorer treatment outcome of methamphetamine 
use disorder. We choose the independent variables as loneliness and personality traits, measuring craving levels, 
and the results of urinary methamphetamine tests as the treatment outcome variables of methamphetamine use 
disorder.

Methods
Study design.  This is a 1-year longitudinal study focusing on the effects of loneliness and personality traits 
on treatment outcomes in those who had methamphetamine use disorder and received the 1-year treatment 
program.

Setting.  Patients with methamphetamine use disorder were recruited between Jan. 2019 and Dec. 2020 from 
the addiction clinics of National Cheng Kung University Hospital (NCKUH). All of them received the 3-stage 
treatment program including physical and psychiatric managements, psychotherapies, and other psychosocial 
interventions within 1 year. All procedures followed were in accordance with the ethical standards of the respon-
sible committee on human experimentation (the Institutional Review Board at NCKUH, IRB No: A-ER-106-
197) and with the Helsinki Declaration of 1975, as revised in 2000. The study procedures were fully explained to 
each participant before they signed an informed consent.

Participants.  Each participant was interviewed by a board-certified psychiatrist to confirm an initial diag-
nosis. The first interview was based on the criteria of the Diagnostic and Statistical Manual of Mental Disorders, 
fifth edition (DSM-5). The second interview was conducted by a well-trained study member to screen other 
comorbid psychiatric disorders. It was based on the Chinese version of the Mini International Neuropsychiatric 
Interview (MINI), established on the concepts of DSM-IV. MINI has been widely used in clinical trials and epi-
demiological studies with an interrater reliability of 0.7538.

The participants were between 18 and 65 years old. The participants who were not capable of signing the 
informed consent or completing the questionnaire, were excluded. Another reason for exclusion was a serious 
medical or physical condition requiring immediate hospitalization.
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The three‑stage treatment program.  The treatment program was built on the “Clinical Treatment 
Guideline for Schedule II Substance Users” (Taiwan Ministry of Health and Welfare, 2017; http://​www.​dep.​
mohw.​gov.​tw/​DOMHA​OH/​cp-​4097-​43400-​107.​html).

During the first treatment stage of 4 weeks, the patients received diagnostic interviews to evaluate their 
substance use history and comorbidity of physical and psychiatric condition. Their demographic data, social 
functions, family support, and psychological functions were also evaluated during this period. The participants 
also received weekly outpatient follow-up and urine methamphetamine tests to monitor treatment response.

During the second treatment stage of 8 weeks, the patients received both a supportive and a 12-session group 
psychotherapy based on a cognitive behavior therapeutic approach. Psychoeducation and service linkages were 
also provided during this period. This second stage of the treatment program was only provided if the latest 
previous urinary methamphetamine results were negative. The patients kept receiving biweekly urine metham-
phetamine tests at an outpatient clinic.

During the third treatment stage of 36 weeks, the patients received a supportive psychotherapy, a 12-session 
group psychotherapy, and motivation enhancements to maintain methamphetamine abstinence. The urinary 
methamphetamine tests were given once a month during this period. Case managers were responsible for the 
treatment integration and monitored during all 3 stages.

Measures.  UCLA loneliness scale and tridimensional personality questionnaire at baseline.  UCLA loneli-
ness.  We assessed the level of loneliness through the UCLA Loneliness Scale (version 3), which is a widely 
used loneliness measure of high reliability and validity39. This test contains 20 items. The Cronbach’s alpha of this 
sample was 0.65. Participants rated how often they felt the way described in the item using a four-point Likert 
scale ranging from ‘never’ to ‘often’. Higher loneliness scores indicated greater loneliness.

Tridimensional personality questionnaire.  We assessed the main personality dimensions through the Tridi-
mensional Personality Questionnaire (TPQ) is a self-report personality inventory to measure three major per-
sonality dimensions: Novelty Seeking (NS), Harm Avoidance (HA), and Reward Dependence (RD). We used the 
Chinese version for evaluating the participants’ personality40. The Cronbach’s alpha values were as follows: for 
NS, Cronbach’s α = 0.72, for HA, Cronbach’s α = 0.89, and for RD, Cronbach’s α = 0.54. In the present study, we 
only measured NS and HA because the RD dimension was not reliable for Han Chinese in Taiwan40.

Outcome measurement: Visual Analogue Scale and urine methamphetamine test.  We assessed the outcome vari-
able through the Visual Analogue Scale (VAS) and methamphetamine urinalysis. During 1-year treatment pro-
gram, each participant received 5 sets of Visual Analogue Scale (VAS) and 17 times urine methamphetamine 
tests.

Visual Analogue Scale.  The VAS was used to assess the craving level of amphetamine by asking the partici-
pants: “How much did you crave/desire/want methamphetamine in the preceding week?”10. The participants 
responded the question with a 100-point Likert scale ranging from 0 (none) to 100 (very much) which was 
measured at baseline, weeks 12, 24, 36, and at the end of the 1-year treatment program to evaluate the craving 
levels of using methamphetamine.

Urine methamphetamine test.  The patient provided their urine sample at each outpatient visit and a total of 
17 binary methamphetamine urinalysis results were collected from each participant during the 1-year treatment 
program (first stage: 4 times once/week; second stage: 4 times once/2 weeks, third stage: 9 times once/4 weeks). 
Their urine samples were analyzed by using the Amphetamines II (AMPS2)® which is an in vitro diagnostic test 
for the qualitative and semiquantitative detection of methamphetamines in human urine on the Roche/Hitachi 
cobas c systems. The cutoff point of amphetamine concentration were 300 ng/ml, 500 ng/ml, and 1000 ng/ml 
when d-methamphetamine was calibrated.

Covariates.  Less perceived social support and poorer family relationships were associated with greater loneli-
ness and more severe depression, which had been demonstrated to correlate with poorer recovery/remission of 
addiction41,42. We measured the social support function, family adaptation, partnership, growth, affection, the 
resolve index (APGAR), and the Hamilton Depression Rating Scale (HDRS) as covariates at baseline.

Measurement of support function.  The self-reported Measurement of Support Function (MSF) questionnaire 
had been used to assess social support status. The validity of this assessment in Taiwan was approved by previous 
studies. In this study, the Cronbach’s alpha of the 20 items was 0.83. This questionnaire consisted of four areas: 
perceived crisis support, perceived routine support, received crisis support, and received routine support. A 
higher score indicated more social support43.

Family adaptation, partnership, growth, affection, and resolve index.  The Family Adaptation, Partnership, 
Growth, Affection, and Resolve (APGAR) index is composed of five domains: Adaptability, Partnership, Growth, 
Affection, and Resolve44. The Chinese version of family APGAR index has been validated in Taiwan45. The par-
ticipants responded to the follow questions: “Are you satisfied with the help that you received from your fam-
ily?,” “Do you talk with your family about your household problems?,” “Do you feel that your family loves you?,” 
“Are you satisfied with the time that you and your family share together?,” and “Do you discuss with your family 
about important decisions that affect the whole family?.” Each domain was answered along a 4-point Likert scale 
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ranging from 1 (low satisfaction) to 4 (high satisfaction), thus the total scores ranged from 4 to 20. Higher score 
represented better family functions.

Hamilton Depression Rating Scale.  The 17-item HDRS is for the measurement of the severity of depressive 
symptoms. This assessment provides comprehensive coverage of depressive symptoms. It has strong psycho-
metric properties, high concurrent and differential validity, and strong reliability. The participants had to rate 
11 items for the severity of depressive symptoms along a three- to five-point Likert scale. The total score ranged 
from 0 to 52. The Cronbach’s alpha of this sample was 0.7746. The higher scores of the 17-item HDRS indicated 
greater severity of depressive symptoms.

Baseline demographic and clinical characteristics.  We collected the participants’ baseline demographic charac-
teristics including age, sex, educational attainment, and marital status. The age and educational attainment were 
collected as continuous variables. We also recorded the duration of methamphetamine use by asking the partici-
pant: “How many years have you used methamphetamine?”. In addition, according to the evaluation results of 
MINI, the psychiatric comorbidities were itemized into 5 binary categories: Mood disorder (Yes/No), Anxiety 
disorder (Yes/No), Psychotic disorder (Yes/No), other substance use disorder (Yes/No), and Anti-social per-
sonality disorder (Yes/No). In each category, one point was assigned if the result was yes. Based on the sum of 
these 5 category result, the psychiatric comorbidity index is ranging from 0 to 5 and higher scores of psychiatric 
comorbidity index indicated more psychiatric comorbidities.

Statistical analysis.  The analysis for obtaining descriptive statistics and a multiple linear regression was 
carried out with SAS 9.4 statistical software. Descriptive analysis was performed for all variables at baseline. If 
the distribution of the variable x was different from normal, we transformed log (x + 1) into normal distribution. 
Independent samples t tests or Chi-squared tests were used to assess associations between the demographic data 
and the outcome variables.

Because the VAS and urine methamphetamine tests had to be assessed repeatedly, the generalized linear 
mixed models (GLMMs) method was used for obtaining multiple linear regression analysis. GLMMs in repeated-
measures analyses that accommodate randomly missing data47. Furthermore, hierarchical regression models 
were applied to investigate the association between loneliness, personality traits (TPQ-HA and TPQ-NS), and 
the outcome variables (VAS and urine methamphetamine test). For each outcome variable, three models were 
estimated at first stage and the endpoint during the 1-year treatment program. In Model 1, we regressed loneli-
ness and personality traits (TPQ-HA and TPQ-NS) on the outcome variable. In Model 2, we then repeated the 
analyses, adjusting for age and education. In Model 3, we repeated the analyses adjusting for disease duration, 
psychiatric comorbidities, MSF, HDRS, family APGAR, and the numbers of visits.

 All tests were evaluated at a 0.05 level of statistical significance.

Results
Table 1 summarized the participant characteristics at baseline and the endpoint. At baseline, there were 106 meth-
amphetamine use patients enrolled (male: 92.4% and mean duration using methamphetamine: 6.5 ± 7.3 years). 
About fifty percent of the patients had psychiatric comorbidities other than methamphetamine use disorder. The 
independent variables of baseline loneliness score, TPQ-HA, and TPQ-NS score, and the outcome variables of 
baseline VAS score and the proportion of positive methamphetamine urine tests were listed in Table 1.

After 52 weeks of methamphetamine treatment, 41 out of 106 patients (male: 95.1%; and mean duration using 
methamphetamine: 7.7 ± 7.9 years) completed a total of 5 times of the VAS scores, but only 28 of them completed 
a total of 17 times of urine methamphetamine test. The latest VAS score and the proportion of positive urinary 
methamphetamine tests were lower than at baseline.

Table 2 displays the initial associations between independent variables and dependent variables, we col-
lected the first stage of treatment outcome parameters for hierarchical regression analysis. Model 1 showed a 
positive association between loneliness and craving level (B = 0.05, p = 0.02) but a negative association between 
TPQ-HA and craving level (B = − 0.10, p = 0.01). In Model 2, adjusting for age and education, the positive asso-
ciation between loneliness and craving level (B = 0.05, p = 0.03) and the negative association between TPQ-HA 
and craving level (B = − 0.10, p = 0.01) remained consistent. In Model 3, the positive association between lone-
liness and craving level (B = 0.05, p = 0.04) and the negative association between TPQ-HA and craving level 
(B = − 0.09, p = 0.04) are consistent after adjusting for disease duration, psychiatric comorbidities, MSF, HDRS, 
family APGAR, and the numbers of visits remained robust. However, TPQ-NS was not significantly associated 
with craving level. We also examined the association between the independent variables and 4 times urine 
methamphetamine tests in total by GLMMs analysis. We found no significant association between the baseline 
of the independent variables and the first stage of urine methamphetamine tests.

In advance, as shown in Table 3, we examined the associations between the baseline independent variables 
and the repetitive outcome variables, 5 sets of VAS scores and 17 urine methamphetamine tests, during the 
1-year treatment program by GLMMs analysis. Model 1 on craving levels showed that loneliness was positively 
associated with greater levels of craving (B = 0.05, p = 0.003) but TPQ-HA was negatively associated with greater 
level of craving level (B = − 0.07, p = 0.02). Model 2 further added age and education, and the positive associa-
tion between loneliness and craving level (B = 0.05, p = 0.003) and the negative association between TPQ-HA 
and craving level (B = − 0.07, p = 0.02) were consistent. Model 3 further adjusted disease duration, psychiatric 
comorbidities, MSF, HDRS, family APGAR, and the numbers of visits, the positive association between loneliness 
and craving level (B = 0.05, p = 0.03) and the negative association between TPQ-HA and craving level (B = − 0.07, 
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p = 0.03) remained robust. However, in Model 3, the association between TPQ-NS and craving level was not 
significant (B = 0.05, p = 0.17).

Although, during 1-year program, Model 1 and Model 2 showed loneliness and personality traits insignifi-
cantly associated with positive urinary methamphetamine results, loneliness positively associated positive uri-
nary methamphetamine results after adjusting disease duration, psychiatric comorbidities, MSF, HDRS, family 
APGAR, and the numbers of visits in Model 3 (B = 0.08, p = 0.04) (Table 3).

Discussion
In the present study, we hypothesized that higher loneliness and greater tendency of NS and HA personality 
traits were associated with greater craving levels of methamphetamine and higher proportion of positive urine 
methamphetamine results in those who attended the 1-year treatment program for methamphetamine use dis-
order. In accord with the hypothesis, our findings suggested that greater loneliness was associated with greater 
craving levels of methamphetamine and higher proportion of positive urine methamphetamine results. Not only 
at the first stage but at the end of treatment program remained the consistent findings between loneliness and 
the treatment outcomes of craving and positive urine methamphetamine results. However, inconsistent with the 
hypothesis, we found a negative association between HA personality trait and craving level of methamphetamine 
and a nonsignificant association between NS personality trait and craving level of methamphetamine. Neither 
HA personality trait nor NS personality were insignificantly associated with an increasing numbers of positive 
urine methamphetamine results.

Table 1.   Participant characteristics at baseline and endpoint. SUD substance use disorder, ASPD anti-social 
personality disorder, TPQ tridimensional personality questionnaire, HA harm avoidance, NS novelty seeking, 
MSF measure of support function, HDRS Hamilton depression rating scale, APGAR​ family adaptation, 
partnership, growth, affection, and resolve index, VAS visual analog scale (# reported original scores).

Variable Baseline After 52 weeks Paired t or χ2 p

Cases (n) 106 41

Age (years, mean ± SD) 36.3 ± 9.6 39.7 ± 10.2 – –

Sex (male/female) 98/8 39/2 – –

Education (years, mean ± SD) 12.6 ± 2.9 12.7 ± 2.8

Disease duration (years, mean ± SD) 6.5 ± 7.3 7.7 ± 7.9 – –

Psychiatric comorbidities (n/%) – –

Yes 60 (56.6) – – –

No 46 (43.4) – – –

Mood disorders (n/%) – –

Yes 37 (34.9) – – –

No 69 (65.1) – – –

Anxiety disorder (n/%) – –

Yes 18 (17.0) – – –

No 88 (83) – – –

Psychotic disorder (n/%)

Yes 8 (7.5) –

No 98 (92.5) –

Other SUD (n/%) – –

Yes 41 (38.7) – – –

No 65 (61.3) – – –

ASPD (n/%) – –

Yes 12 (11.3) – – –

No 94 (88.7) – – –

Urine methamphetamine (n/%) 114.6 0.007

Positive 25 (23.6) 2 (5.0) – –

Negative 81 (76.4) 26 (63) – –

Loneliness (mean ± SD) 43.3 ± 10.3 – – –

TPQ-HA (mean ± SD) 14.4 ± 5.4 – – –

TPQ-NS (mean ± SD) 16.0 ± 4.2 – – –

MSF (mean ± SD) 102.1 ± 18.2 – – –

HDRS (mean ± SD) 5.4 ± 4.2 – – –

APGAR (mean ± SD) 12.5 ± 4.8 – – –

VAS (mean ± SD)# 13.2 ± 21.0 9.8 ± 18.1 2.27 0.03
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Loneliness impacts social experiences and emotional states. It weakens the immune system and increases 
stress-related responses. When one feels lonely, a greater perceived loneliness is associated with increased ven-
tral stratum and midbrain activity, contributing to “social craving” in a similar way as fasting causes hunger50,51. 
In parallel, it was previously shown that a negative emotional state leads to a change in the extended amygdala 
and increases perpetuation of drug-taking behavior to remunerate the negative feeling52. Those who experience 
loneliness have higher likelihood of depression and anxiety and are more likely to engage in impulsive behav-
iors such as unplanned spending and over-eating53,54. Both craving and stress relief trigger lonely individuals to 
search for the drug and impaired prefrontal top-down self-regulation diminishes their awareness of addiction52.

Our results suggest that lonely methamphetamine users have poor treatment response and higher tendency 
to use methamphetamine even they are under deferred prosecution status with close monitoring. We find that 
higher levels of loneliness are associated with higher craving levels of methamphetamine. Such association are 
observed both at baseline and during the 1-year methamphetamine treatment program in those participants 
with methamphetamine use disorder. In addition to higher craving levels, higher levels of loneliness are also 
associated with higher probability of using methamphetamine.

Table 2.   Association between loneliness, personality traits, and craving level for methamphetamine, and the 
urinary methamphetamine test results at first stage in methamphetamine-use patients. *p < 0.05, **p < 0.01. 
TPQ tridimensional personality questionnaire, HA harm avoidance, NS novelty seeking. a Transformed VAS by 
log (x + 1). b Model 3: adjusting for age, education, disease duration (years), psychiatric comorbidities, measure 
of support function (MSF), Hamilton depression rating scale (HDRS), family adaptation, partnership, growth, 
affection, and resolve index (family APGAR), and the numbers of visits.

Craving levela Urine methamphetamine test result

B t (95% CI) p B t (95% CI) p

Model 1: Unconditional

Loneliness 0.05 2.38 (0.01 to 0.09) 0.02* − 0.02 − 0.62 (− 0.08 to 0.04) 0.53

TPQ-HA − 0.10 − 2.50 (− 0.17 to − 0.02) 0.01* 0.05 0.86 (− 0.07 to 0.17) 0.39

TPQ-NS 0.07 1.80 (− 0.01 to 0.14) 0.07 − 0.01 − 0.22 (− 0.13 to 0.10) 0.83

Model 2: Age and education adjusted

Loneliness 0.05 2.26 (0.01 to 0.09) 0.03* − 0.03 − 0.80 (− 0.09 to 0.04) 0.42

TPQ-HA − 0.10 − 2.49 (− 0.17 to − 0.02) 0.01* 0.06 0.92 (− 0.06 to 0.18) 0.36

TPQ-NS 0.06 1.58 (− 0.02 to 0.14) 0.12 − 0.01 − 0.23 (− 0.14 to 0.11) 0.82

Model 3: Full adjustedb

Loneliness 0.05 2.05 (0.002 to 0.10) 0.04* − 0.06 − 1.42 (− 0.15 to 0.02) 0.16

TPQ-HA − 0.09 − 2.07 (− 0.17 to − 0.003) 0.04* 0.04 0.60 (− 0.11 to 0.19) 0.60

TPQ-NS 0.02 0.04 (− 0.06 to 0.11) 0.57 0.03 0.35 (− 0.12 to 0.04) 0.73

Table 3.   Association between baseline loneliness, personality traits, craving level for methamphetamine, 
and urinary methamphetamine test results during the 1-year treatment program in methamphetamine-use 
patients. *p < 0.05, **p < 0.01. TPQ tridimensional personality questionnaire, HA harm avoidance, NS novelty 
seeking. a Transformed VAS by log (x + 1). b Model 3: adjusting for age, education, disease duration (years), 
psychiatric comorbidities, measure of support function (MSF), Hamilton depression rating scale (HDRS), 
family adaptation, partnership, growth, affection, and resolve index (family APGAR), and the numbers of 
visits.

Craving levela Urine methamphetamine test result

B t (95% CI) p B t (95% CI) p

Model 1: Unconditional

Loneliness 0.05 3.06 (0.02 to 0.08) 0.003** 0.04 1.63 (− 0.01 to 0.10) 0.10

TPQ-HA − 0.07 − 2.39 (− 0.13 to − 0.01) 0.02* − 0.06 − 1.22 (− 0.16 to 0.04) 0.22

TPQ-NS 0.08 2.61 (0.02 to 0.14) 0.01* 0.05 1.00 (− 0.05 to 0.14) 0.32

Model 2: Age and education adjusted

Loneliness 0.05 2.99 (0.02 to 0.08) 0.003** 0.05 1.76 (− 0.01 to 0.10) 0.08

TPQ-HA − 0.07 − 2.42 (− 0.13 to − 0.01) 0.02* − 0.07 − 1.33 (− 0.17 to 0.03) 0.18

TPQ-NS 0.07 2.26 (0.01 to 0.14) 0.02* 0.04 0.82 (− 0.06 to 0.15) 0.41

Model 3: Full adjustedb

Loneliness 0.05 2.26 (0.01 to 0.08) 0.03* 0.08 2.04 (0.003 to 0.15) 0.04*

TPQ-HA − 0.07 − 2.18 (− 0.14 to − 0.01) 0.03* − 0.06 − 0.96 (− 0.18 to 0.06) 0.34

TPQ-NS 0.05 1.39 (− 0.02 to 0.11) 0.17 0.01 0.15 (− 0.11 to 0.13) 0.88
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Compare with NS traits, we find lower HA traits were significantly associated with higher craving level of 
methamphetamine among those who received methamphetamine treatment program. In the previous study, NS 
and HA personality are correlated to gray’s biopsychological theory, the behavioral activation system (BAS) and 
behavioral inhibition system (BIS) respectively55. Once individuals know that a reward is likely to follow, those 
who had higher tendency of NS traits arise their behavioral action system to carry out some behaviors to attain 
reward when they were exposed to the environment cues of the drug. They also had higher level of craving and 
long-term vulnerability of relapse of psychostimulant drug abuse56. However, when individuals developed with 
psychostimulant drug dependence, avoiding aversive feeling passively instead of achieving rewards actively may 
be more significantly lead them to use psychostimulant drug57,58. Although people with higher levels of HA are 
associated with lower social adaption and higher risk for affective disorders59, people with lower levels of HA 
have difficulties in avoiding aversive outcomes when looking for immediate monetary rewards60.

There were several limitations in the present study. (1) The sample size was medium, and the attrition rate 
was high. Only 39% of the participants completed the 1-year longitudinal evaluation and during the 1-year 
treatment program we collected: 68.1% of craving level evaluations (106 participants, 5 test occasions, 361 out 
of 530 samples); 66.7% of urinary methamphetamine test results (106 participants, 17 test occasions, 1202 out 
of 1802 samples). (2) Over 95% of the participants in this study were convicted of methamphetamine abuse 
and underwent the deferred prosecution program, which simultaneously request them to attend the 1-year 
treatment-based program. Although we had explained to the participants that the assessments in the current 
study were not related with their legal issue, some participants may under-report their severity of craving. (3) 
Although the evidence of personality change following substance use remains inconsistent15, it is possible that 
methamphetamine use may change the personality and the personality changes may persisted over the course 
of the study as participants were treated61. These results need to be interpreted cautiously to determining the 
long-term outcomes. (4) Because of limited completion of measurement during the 1-year program, we only 
used the first stage of measurements in the mediation analysis about the role of loneliness between personality 
and craving level. The mediation effect of loneliness on the association between personality and craving level 
needs to be verified again in future studies.

Conclusion
We found loneliness is associated with poorer methamphetamine treatment outcomes. Higher loneliness levels 
were associated with higher craving levels and higher tendency of methamphetamine use. In addition, lower 
HA personality is associated with higher craving levels of methamphetamine. Additional studies on regulating 
loneliness to improve treatment outcomes in methamphetamine use patients may be warranted.
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