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It has been well documented that methadone
maintenance treatment (MMT) can reduce illegal
opioid use and drug-related crimes, and decrease
the HIV infection risk™. China initiated its MMT
program in 2004, which was rapidly scaled up
nationwide'. By the end of 2016, there were 778
MMT clinics established in 29 provinces, serving
more than 430,000 opioid users”. To have desirable
treatment outcomes, MMT requires long-term or
even lifelong daily attendance at clinics™. One major
concern is that participants with illegal use of opioids
or non-opioid drugs while in treatment will likely
have poor compliance with MMT,

Emerging synthetic non-opioid drugs, e.g.,
amphetamines and benzodiazepines, have recently
replaced opioid drugs as the most widely used illegal
drugs in China. Benzodiazepines, a family of non-
opioid central nervous system depressants, has been
widely used in MMT clinics in Jiangsu Province[sl,
while amphetamines are commonly used stimulants
among MMT participants in other areas of China. We
already know that illegal opioid use during MMT
resulted in the poor adherence to MMT?. However,
the association between the illegal use of non-opioid
drugs and MMT adherence remains unclear. Thus, a
cross-sectional survey was conducted from May to
August, 2017 to examine the possible associations
between the illegal use of benzodiazepines and
amphetamines and MMT adherence.

MMT participants 18-year-old and above, who
were enrolled at least 6 months, attending MMT at
least once in the last week prior to the study were
included. Five MMT clinics (two in Nanjing, two in
Wuxi, and one in Lianyungang) were randomly
selected from clinics with more than 200 MMT
participants in Jiangsu as the study sites. A
convenient sampling method was used to recruit
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participants from these clinics. Urine samples were
tested for morphine, amphetamines, and
benzodiazepines by utilizing colloidal gold rapid
detection methods. Face-to-face interviews were
then conducted by qualified interviewers using a
well-structured questionnaire to collect data
involving socio-demographics, MMT treatments, and
illegal drug uses during treatments. This study was
approved by the Institutional Review Board of the
National Center for AIDS/STD Control and
Prevention, China CDC. Data were de-identified and
informed consent was obtained from every
participant prior to urine tests and interviews.

The primary outcome of this study was MMT
adherence, which was defined as poor with either
dropout or a methadone-taking compliance lower
than 50%. Dropout was defined as not taking
methadone for 7 consecutive days, and methadone-
taking compliance was defined as the percentage of
days that participants took methadone in clinics in
the past 6 months as the numerator and the
cumulative days of the past 6 months as the
denominator. Good adherence meant that
adherence was > 50%, while poor adherence meant
that adherence was < 50%. Benzodiazepine and
amphetamine use was defined as any positive urine
tests or self-reported results during the previous 6
months. Chi-square tests and logistic regression
models were used to estimate the association
between benzodiazepines or amphetamines use and
MMT adherence, with adjustments for potential
confounders. Differences were considered as
statistically significant using two-tailed tests with a
value of P < 0.05. All data were double-entered and
validated using EpiData 3.0 software. SAS 9.3 (SAS
Institute, Cary, NC, USA) software was used for data
cleaning and analysis.
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A total of 496 participants were eligible and
included in the study. The average age of the
participants was 44.7 £ 7.5 years old. The majority of
them (75.8%) were male. More than half (51.6%) of
the participants were married, and 25.2% had no
income. Approximately half of the participants
(47.3%) spent < 30 min traveling to MMT clinics. The
median daily methadone dose was 59.3 mg. More
than one-third (35.3%) of the participants used
illegal opioids during the treatment period. The
profiles of participants are shown in Table 1. The
prevalences of amphetamine and benzodiazepine
use were 9.5% (47/496) and 14.5% (72/496),
respectively. A total of 108 participants (22%)
illegally used amphetamines or benzodiazepines
during the MMT treatment periods. Among them,
61.1% (66/108) participants used benzodiazepines or
amphetamines more than once per week, and the
median duration of use was 6.9 years (please see
Supplementary Table S1, available in  www.
besjournal.com).

A total of 38.5% (191/496) of the participants
had poor treatment adherence in the previous 6
months. No significant association between using
benzodiazepines or amphetamines and poor
adherence was found using both univariate [odds
ratio (OR): 1.24, 95% confidence interval (Cl):
0.81-1.92)] and multivariate analysis (OR: 1.41, 95%
Cl: 0.75-2.67). Notably, when we further
characterized the associations between MMT
adherence and each type of substance, the results
showed MMT adherence between benzodiazepine
users (33.3%) and nonusers (39.4%) were similar.
Participants who did not use the two substances had
a MMT adherence of 37.4%, indicating that
benzodiazepine use might not have decreased MMT
adherence. However, participants using
amphetamines had a significantly increased risk of
poor MMT adherence. Thus, amphetamine use was
associated with poor MMT adherence. When we
combined use of the two substances, the negative
impact of amphetamine use was compromised by
the effect of using benzodiazepines. Associations
between benzodiazepine or amphetamine use and
MMT adherence are shown in Table 2.

Studies of benzodiazepine use among MMT
participants showed mixed effects on treatment
outcomes. Some showed a higher dropout, while
others showed no effects, as in the present study[6'7].
The high prevalence of benzodiazepine use among
MMT participants might be explained by the fact
that they were suffering from elevated levels of
psychiatric comorbidities (e.g., depression, anxiety,

etc.) and side effects (e.g., insomnia, pain, etc.) of
long-term opioid dependence, including the use of
methadone®®. MMT participants tended to use
benzodiazepines, both from prescriptions and from
illegal markets, to treat their health disorders, which
did not decrease their daily MMT attendance®. A 17
year cohort study also indicated that the percentage
of MMT patients concurrently using benzodiazepines
stayed stable during the treatment period[m]. Even
though benzodiazepine use did not lead to poor

Table 1. Characteristics of participants

Characteristics N %
Sex
Male 376 75.8
Female 120 24.2
Age (years)
19— 121 24.4
40— 131 26.4
45— 107 21.6
50-65 137 27.6
Education level
Primary or below 39 7.9
Junior high 244 49.1
Senior high 174 35.1
College or above 39 7.9
Marital status
Single 87 17.5
Married or cohabitation 256 51.6
Divorced 153 30.9
Income (yuan/month)
0 125 25.2
1- 125 25.2
1,000— 86 17.3
3,000— 70 14.1
5,000— 90 18.2
Main source of income
Self-support 219 44.2
Family or friends 137 27.6
Social Security 140 28.2
One-way travel time to MMT clinic (min)
0- 84 16.9
15- 151 30.4
30- 158 31.9
45- 103 20.8
Receiving MMT with families accompany
No 188 37.9
Yes 308 62.1
Daily methadone dose (mg)
0- 130 26.2
40— 119 24.0
60— 134 27.0
75— 113 22.8
Use of illegal opioids
No 321 64.7
Yes 175 35.3
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MMT adherence, it has been well-established that it
put MMT participants at a greater risk of overdose,
personal injury, and death®. Thus, targeted
interventions and counseling services are needed for
these patients. In accordance with previous
studies[gl, due to its associations with risk-taking
behaviors, cognitive  and physical health
impairments, antisocial personality as well as the
involvement of criminal activities, participants who
used amphetamines might be less likely to be
compliant with MMT treatment. These additional
complexities might hinder the ability of patients to
regularly attend treatments, and to make
compromised treatment outcomes more likely.
Based on the above results, the associations
between characteristics of amphetamine use and
MMT adherence were examined. When only
controlling socio-demographics (model 1), the risk of
poor adherence was 3.30-fold higher among those
who used amphetamines more than once per week
(OR: 3.30, 95% CI: 1.14-9.58) compared to nonusers.
Moreover, in fully adjusted model 2, the risk of poor
adherence was 3.15-fold higher among those who
used amphetamines less than once per week (OR:
3.15, 95% CI: 0.98-10.14) compared to nonusers.
Furthermore, these kinds of risks might show a rising
tendency as the frequency of amphetamine use
increased (Pyenq < 0.05). In addition, participants
with shorter amphetamine use tended to have a
higher risk of poor MMT adherence, especially for
those who used amphetamines < 5 years (OR: 15.98,
95% CI: 3.27-77.99) when controlling for socio-

demographics (model 1). Adjusting model 2 for all
potential confounders resulted in similar results.
Similar results were also obtained from a cohort
study in Washington[gl. Higher frequency of
amphetamine use usually reflects a greater severity
of addition and more chaotic lifestyles. Therefore, it
was not surprising that these participants did not
attend MMT in a timely manner. Table 3 summarizes
MMT adherence differing by the characteristics of
amphetamines use.

There were a few limitations in this study. First,
although we included the results of urine tests,
benzodiazepine or amphetamine use was based
partially on self-reporting. Thus, the magnitude of
this use might result in an underestimation. This
underestimation was unlikely to change the
conclusions, but could modify their effects. In
addition, benzodiazepines could be used with
medical intention. Missing information regarding
this use might restrict the accurate interpretation
of the results. Second, there might have existed
other unidentified confounding factors, such as
comorbidity, alcohol use, and the duration of MMT
attendance, which were not collected in this study
and might distort the estimated associations.
However, the main risk factors for poor MMT
adherence were well-controlled in our analyses.
Third, the study was conducted in Jiangsu Province,
so generalization of the conclusions is a concern.
Last, due to the nature of the cross-sectional study,
no causal inference could be drawn from the
results, but only the associations between using

Table 2. Associations of poor MMT adherence with benzodiazepine or amphetamine use

Crude model Model 1° Model 2°
Item Poor MMT adherence (%)
OR (95% ClI) P-value OR (95% CI) P-value OR (95% ClI) P-value
Use benzodiazepines or amphetamines
No 374 1.00 1.00 1.00
Yes 42.6 1.24 (0.81-1.92) 0.325 1.36 (0.86-2.16) 0.186 1.41(0.75-2.67) 0.292

Use benzodiazepines
No 394 1.00
Yes 333 0.71(0.42-1.22)
Use amphetamines
No 36.3 1.00

Yes 59.6 2.68 (1.45-4.98)

0.214 0.66 (0.37-1.18) 0.157

0.002 3.48 (1.77-6.82)

1.00 1.00
0.57 (0.25-1.29) 0.174

1.00 1.00

< 0.001 4.94(1.96-12.46) 0.001

Note. °Adjusted for sociodemographic characteristics, including age, sex, education, marriage, income,
and clinic location. bAdjusted for confounders in model 1, and additionally for the main source of income, one-
way travel time to MMT clinics, attending MMT accompanied by families, daily methadone dose, and use of

illegal opioids.
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Table 3. Associations of poor MMT adherence with different characteristics of amphetamine use
Crude model Model 1° Model 2°
Item Poor MMT adherence (%) OR (95% CI) P-value OR (95% ClI) P-value OR (95% CI) P-value

Use frequency of amphetamines (time/week)*

0 36.3 1.00 1.00 1.00

0- 50.0 1.76 (0.74-4.14)  0.199 2.15(0.85-5.43)  0.104  3.15(0.98-10.14) 0.054

1- 58.8 2.51(0.94-6.71)  0.068 3.30(1.14-9.58)  0.028  3.92(0.75-20.47) 0.105

Pirend 0.030 0.009 0.020
Use duration of amphetamines (year)*

0 36.3 1.00 1.00 1.00

0- 85.7 10.53 (2.33-47.61)  0.002  15.98(3.27-77.99) 0.001  14.82(2.44-90.00) 0.003

5- 57.1 2.34(0.52-10.58)  0.270 3.31(0.67-16.49) 0.143  4.6(0.71-29.71)  0.109

10~ 26.7 0.64 (0.20-2.04)  0.448 0.71(0.20-2.47)  0.587  0.56(0.11-2.99)  0.497

Pirend 0.477 0.258 0.327

Note. °Adjusted for socio-demographic characteristics, including age, sex, education, marriage, and clinic
location. bAdjusted for confounders in model 1, and additionally for the main source of income, one-way travel
time to MMT clinics, attending MMT with families, daily methadone dose, and use of illegal opioids. “Missing

eight samples. dMissing 11 samples.

amphetamines or benzodiazepines and MMT
adherence could be concluded. Despite these
limitations, the present study presented an
overview  picture of  benzodiazepine or
amphetamines use among MMT participants, and
thus provided practical considerations for future
interventions.

In  conclusion, this study showed that
benzodiazepines and amphetamines were popular
with MMT participants, and that amphetamines use
might lead to poor MMT adherence. In addition, the
frequency and duration of amphetamine use might
also play roles in decreased treatment adherence.
Thus, findings from this study supported the urgent
need for further research to characterize therapeutic
interventions of non-opioid substance use among
MMT participants in China.
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Supplementary Table S1. Use characteristics of benzodiazepines and amphetamines among MMT clients

Use benzodiazepines or amphetamines,

Use of benzodiazepines,

Use of amphetamines,

Item n (%) n (%) n (%)

Positive use

Total 108 (100.0) 72 (100.0) 47 (100.0)

Urine test 68 (63.0) 46 (63.9) 24 (51.1)

Self-report 101 (93.5) 67 (93.1) 41 (87.2)

Kappa 0.67 0.69 0.52
Use frequency (time/week)

0- 31(28.7) 12 (16.7) 22 (46.8)

1- 66 (61.1) 56 (77.8) 17 (36.2)

Missing 11 (10.2) 4 (5.5) 8(17.0)
Use duration (year)

0- 40 (37.1) 29 (40.3) 14 (29.8)

5- 16 (14.8) 11 (15.3) 7(14.9)

10— 35(32.4) 22 (30.6) 15 (31.9)

Missing 17 (15.7) 10 (13.8) 11 (23.4)




