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a  b  s  t  r  a  c  t

Background:  Methadone  maintenance  treatment  (MMT)  reduces  the  harms  of  opioid  use  disorder  and  is
being  rapidly  scaled-up  in  China.  This  study  evaluated  the real-world  implementation  of  MMT  system  in
Wuhan,  China.
Methods:  Data  extracted  from  electronic  medical  records  collected  in  2010  on  8811  patients  were  used to
compute  for  each  patient  indices  of the  prescribed  and  consumed  daily  methadone  doses,  an  adherence
index,  dose  adjustments  following  missed  doses,  the  rates  of  opiate  positive  urine  tests,  self-reported
drug  use,  injection  drug  use (IDU),  and  the duration  of MMT  exposure.
Findings:  The  modal  daily doses  prescribed  were  60  mg  and  above  for 68.5%  of patients.  Adherence  was
variable:  51%  of  patients  attended  less  than  60%  and  26%  attended  80–100%  of  their treatment  days;
and  patients  with  long  MMT exposure  had  significantly  higher  adherence  rates  than  patients  with short
MMT  exposure.  The  differences  between  doses  dispensed  immediately  before  and  after  the  interruption
in  dosing  days  ranged  from  0 to 7 mg, independently  of  the  length  of  the interruption  or  the prescribed
dosing  level.  The  overall  rate of  opiate  positive  tests  was 20%;  45% of  patients  had  at  least  one  opiate
positive  test;  29%  reported  past  month  drug  use  and  53%  of them  reported  past  month  IDU. Adherence
and  MMT  exposure  duration  correlated  significantly  with  the  proportion  of  opiate  negative  urine  tests

(r = 0.355,  p  <  0.001;  r =  0.351,  p  <  0.001,  respectively).  Treatment  for  males  and females  was  comparable.
Conclusions:  Provision  of  safe methadone  dosing  after  absences  and  improving  daily attendance  are
identified  as  priority  improvement  areas.
. Introduction

Problems with opiate use, injection drug use (IDU), and trans-
ission of human immunodeficiency virus (HIV) are closely

nterrelated in China, which has an estimated 780 000 HIV infected

ndividuals and over 2 million registered drug users (Kulsudjarit,
004; Lu and Wang, 2008; Meise et al., 2009; Ministry of Health of
he People’s Republic of China, 2012; Narcotics Control Bureau of
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the Chinese Ministry of Public Security, 2013; Yin et al., 2010). Injec-
tion of drugs is associated with 42% of HIV transmissions, and about
45% of people who inject drugs in China are estimated to share
needles and injection equipment (Chu and Levy, 2005; Meise et al.,
2009; Lu and Wang, 2008). To address these problems, China has
undertaken major initiatives over the past decade, including intro-
duction and scale-up of methadone maintenance treatment (MMT;
Shen and Yu, 2005; Wu  et al., 2007). The early success of small pilot
MMT programs introduced in 2004 (Pang et al., 2007) has been fol-
lowed by rapid expansion of MMT  programs (Chu and Levy, 2005;
Lu and Wang, 2008; Tang et al., 2006; Shi et al., 2007; Yin et al., 2010)
that follow standardized clinical protocols, and physicians provid-

ing MMT  participate in a structured, centrally run, and national
training. By the end of 2013, 412 686 patients had enrolled in 763
clinics established since 2005 (National Center of AIDS Prevention
and Control, 2013). Earlier studies evaluating implementation and
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cale up of MMT  programs across China reported use of lower than
enerally recommended dosages of methadone, misconceptions
bout MMT  (e.g., that MMT  is intended primarily for detoxification
r short term treatment or that low doses are preferable to avoid
erceived harm of methadone), paucity of counseling or other ser-
ices offered in the clinics, irregular attendance by MMT  patients,
nd high drop-out rates (Gu et al., 2012; Lin et al., 2011; Ren et al.,
013; Sullivan and Wu,  2007; Sullivan et al., 2013).

The current study is based on an initial evaluation of quality
f care and treatment effectiveness measures of MMT  services in
uhan, China, which has 20 dispensaries or clinics with a cumu-

ative enrollment between 2006 and 2010 of over 16 000 patients.
he study findings, initiated ongoing quality improvement efforts
imed at improving the overall effectiveness of MMT  in Wuhan.
hese quality improvement efforts include a review and revision of
he current MMT  guidelines and treatment protocols, improved and
xtended training and supervision of MMT  doctors and nurses, and
esearch to evaluate interventions that could be feasible and effec-
ive in improving the overall effectiveness of the MMT  programs in
hina.

Data extracted for this study from electronic medical records
f all patients enrolled in any of the MMT  dispensaries or clinics
perating in 2010 in Wuhan included patient characteristics, key
MT  characteristics (including data on patterns of methadone dos-

ng and patient attendance), and indicators of treatment response
self-reports of illicit drug use and urine toxicology tests results).
dditionally, we explored the data for potential predictors of treat-
ent efficacy and for gender differences.

. Methods

.1. Setting

Wuhan is a sprawling and populous city in central China, with a total population
f  over 10 million. The first MMT  dispensary or clinic opened in Wuhan in April 2006.
y  2010, Wuhan Centers for Disease Prevention and Control (CDC) managed a MMT
ystem consisting of 20 satellite dispensaries (or clinics) covering 8 of the 13 urban
istricts within the Wuhan metropolitan area. All dispensaries were linked and mon-

tored by a centrally managed computerized clinical database system. Dispensaries
re either stand-alone facilities or co-located with detoxification programs or gen-
ral medical or psychiatric hospitals. In 2010, patient enrollment in each dispensary
aried between 177 and 1606 patients. Each dispensary employed at least one medi-
al doctor, who  evaluated patients at treatment entry and prescribed the methadone,
nd a nurse or pharmacist who dispensed prescribed methadone and observed
ethadone ingestion. Methadone was  dispensed in liquid form (1 mg/ml concen-

ration). Patients were expected to attend clinic every day for their methadone dose,
nd there was no take-home dosing. At each clinic visit, patients were required to
ay a fee of 10 RMB  (∼US$ 1.50 in 2010) before receiving their methadone dose;
he fee amount was  fixed and did not depend on the methadone dose or the level
f  services received or offered at the clinic. Patients could meet with the doctor to
iscuss their methadone treatment (e.g., request a dose change) or other health con-
erns on an as needed basis. At least once per month, most dispensaries also offered
n educational group covering topics such as prevention of common needle-borne
nfections, including HIV and Hepatitis C virus (HCV), the importance of methadone
dherence and retention in treatment, and harms of drug use and overdose preven-
ion. Attendance at such groups was voluntary, and typically only a small number of
atients participated in them (less than 20 at each group meeting) (personal com-
unication from Pulin Liu, March/April 2014). No other psychosocial interventions
ere offered as a part of the standard treatment.

MMT  admission was  restricted to opiate using local residents at least 18 years
ld (Meise et al., 2009; Tang et al., 2006), and after 2006, admission did not require

 history of failed prior detoxification attempts (Meise et al., 2009). Patients could
iss medication without penalties and could resume treatment by simply returning

o the clinic for treatment.
Other treatment options or services were very limited for people using opioids

n  Wuhan in 2010. Voluntary detoxification centers provided inpatient treatment for
pioid, amphetamine-type stimulant, and ketamine use disorders. Some treatment

nd detoxification centers provided services based on traditional Chinese medicine
herbal medications and non-medication interventions such as acupuncture and

assage; Tang et al., 2006). There were also small needle exchange programs at
wo sites on the outskirts of Wuhan enrolling a total of about 100 individuals in
010.
 Dependence 157 (2015) 60–67 61

2.2. Data

The study used data from de-identified electronic medical records of all MMT
patients who were active in treatment during the year 2010 (i.e., patients who
received at least one dose of methadone between January 1 and December 31, 2010
in  any of Wuhan’s MMT  dispensaries/clinics). The database consists of data collected
at treatment entry and follow-up updates collected yearly, including demographic
information (e.g., sex, ethnicity, education, marital status, occupation, living situa-
tion, income source), drug use data (e.g., age of first use, number of times per day
in  past month using opiates, amount spent per day on opiates in the past month),
behavioral patterns of drug use and risk behaviors (e.g., self-report on needle shar-
ing  frequency, drug use methods and routes of administration, sexual activity and
condom use), selected social factors (e.g., arrests and crimes committed, family
relationship, employment and sources of money, socialization with drug users),
treatment history and current treatment related factors (e.g., transportation and
commute to MMT  clinic, satisfaction with treatment, usefulness of clinic hours, cost
of  treatment, adequacy of dosing, and satisfaction with the service quality of the
clinic). Other data include the results of tests for tuberculosis collected at entry,
HIV  collected at entry and every 6 months, and syphilis and HCV collected at entry
and yearly. Tuberculosis testing consists of a screening chest X-ray followed by con-
firmatory testing if abnormal. Patient level treatment data include results of urine
toxicology tests for illicit opiate use (testing morphine metabolites only), scheduled
to  be collected monthly, and the dates and doses of methadone administered for
each patient.

The characteristics of the study cohort are based on data collected by CDC
between April 2006 and December 2010 (patient self-report data at treatment
entry with follow-up updates, and results of the most current infectious disease
test results). The study findings are based on medication dispensing records and
urine toxicology results collected between January 1 and December 31, 2010, and
the  duration of MMT  participation prior to active treatment in 2010.

2.3. Data quality assessments and analytic strategy

We first evaluated the extracted data for overall quality/accuracy and complete-
ness  using data quality checks and exploratory analytical tools. We evaluated the
patterns of missing data, duplicate data, and patterns of dosing that could be indica-
tive of errors (e.g., unusual changes in daily doses for the same patient). Of the
8828 individual patients recorded as receiving methadone in 2010, 275 had multi-
ple records of treatment entry data (i.e., the date when they first started methadone,
baseline demographics). We  used their earliest collected data. Seventeen patient
identification numbers were associated with repeated doses in more than one dis-
pensary on the same day. Since it could not be determined if this was  the same
person dosing in multiple dispensaries or if the same identification number was
assigned to different people, we chose to exclude these identification numbers from
the analysis. Our final sample for analysis included 8811 patients.

2.4. Outcome measures

Based on data extracted from the database, we calculated the following process
measures and treatment indices for each patient: (1) an episode of active treat-
ment in 2010 was defined as a period between the first and the last recorded dose
of  methadone, where the patient did not miss more than 14 consecutive days of
medication attendance; (2) the mean daily methadone dose delivered, based on the
medication consumption data, was  calculated as the mean of all doses during the
active treatment episode where missing doses are coded as 0 mg; (3) the modal daily
methadone dose prescribed was based on the modal (most frequent) value of all doses
dispensed during the active treatment episode; (4) for patients who  missed 1, 2, 3, 4,
5,  6, 7–14, and more than 14 consecutive methadone dosing days, we calculated the
differences between the last dose received before and their first dose received after
(resumption dose) each of the missing periods, and we compared the differences
between these doses as a function of the patient’s prescribed dosing range prior
to  missing (below 40 mg, 40–59.9 mg,  60–89.9 mg, and 90 mg  and above); (5) an
adherence index (percentage of days attending treatment and receiving methadone)
was calculated as a ratio of days attending the clinic (taking methadone) to the total
number of days in an episode of active treatment during 2010; (6) a proportion of
urine tests positive for morphine; (7) the MMT  exposure duration was calculated as a
number of days between the first methadone dose ever received in MMT  in Wuhan
and the onset of the first treatment episode in 2010, and the MMT  exposure rank
was calculated using tertiles of the distribution of these values in the entire study
sample. Consequently the study participants were classified into three groups: (1)
those who started MMT  within the past 9 months – short MMT,  (2) those who  started
MMT  between 9 and 18 months prior to 2010 – medium MMT;  and (3) those who
started MMT  more than 18 months before their 2010 treatment episode – long MMT.

The  clinical database used by the MMT  programs in Wuhan does not include
data on the missing doses or missed clinic visits. Only the doses that are dispensed
and ingested by patients when they come to the clinic and their dates are recorded.

The  missing doses/visits are represented by missed or lapsed dates and records
in  the database. In our study, we first computationally supplemented the original
database by inserting the missing/lapsed dates and inserting 0 mg as values of for
the  missing methadone doses before calculating the above defined dosing indicators
for each study participant. Data extracted from the database of clinical records and



6 lcohol

t
c
a
t
m
t
t
o

3

3

y
d
w
c
w
m
s

p
w
s
p
i
y
d
t
3
$
d
o
r

3

o
d
r
(

a
o
i
o
s
t

f
t
m
t
F
a
l
s
a

(
s
e
8
T
m
t

2 C. Marienfeld et al. / Drug and A

he calculated process measures and indices were used in descriptive statistics to
haracterize the patient cohort and to evaluate the treatment implementation char-
cteristics. Additionally, we used a regression analysis and the ANOVA to evaluate
he  relationship between the proportion of urine tests negative for opiates and the
ean daily methadone dose delivered, the modal daily methadone dose prescribed,  the

reatment adherence index, the MMT  exposure duration, and gender. Finally, charac-
eristics and outcomes of male and female cohorts were compared using the analysis
f  variance (t-tests) for continuous variables.

. Results

.1. Demographics and drug risk behaviors

The mean (SD) patient age was 41 (7.3) years; range 18–72
ears; 72.3% (6217/8596) were male; 71.6% (6155/8596) had a mid-
le school education or less (typically to age 15); 76.2% (6370/8355)
ere living with family members; 59.1% (4885/8260) were finan-

ially supported by friends or family members, 38.2% (3156/8260)
ere financially supported by salary, temporary work or govern-
ent assistance, and 2.7% (219/8260) reported other unspecified

ources of support.
At MMT  entry, 96% (8006/8333) reported heroin alone as their

referred drug; 4% reported a preference for heroin combined
ith other drugs, or for morphine, benzodiazepines, or other non-

pecified drugs; 67% (5682/8473) reported injecting drugs in the
ast month, and 5% of them (294/5682) reported sharing needles

n the past month. The mean (SD) age of first drug use was  28 (7.4)
ears, with 63 as the oldest reported age of initiation. The mean (SD)
uration of lifetime drug use was 13.2 (5.5) years. In the month prior
o treatment entry, patients reported the mean (SD) of using heroin
.4 (3.3) times per day and spending 295 (222) RMB  (approximately
US 45 in 2010) per day on drugs. The mean (SD) of MMT  exposure
uration in the study sample was 316 (241) days. See Table 1 for
ther demographic and drug use behaviors by the MMT  duration
anks.

.2. Methadone dosing and adherence

While the modal daily methadone dose prescribed was  60 mg
r more for 68.5% of patients, the mean daily methadone dose
elivered was below 60 mg  for 81.6% of patients and 55.1%
eceived/ingested a mean daily delivered dose of less than 40 mg
see Fig. 1).

In the entire study sample, the majority (51.4%) of patients
ttended the clinics and ingested methadone on less than 60%
f days in active treatment; 22.8% attended the clinics and
ngested their prescribed daily maintenance doses on 60–79.9%
f days, and 25.8% attended the clinics and ingested their pre-
cribed daily maintenance doses on 80–100% days in active
reatment.

The analyses of methadone dosing and adherence data show dif-
erent patterns of results for different groups of patients based on
heir MMT  exposure rank. While the distribution of the modal daily
ethadone doses prescribed does not differ substantially between

he patients with short, medium, and long MMT  exposure (see
ig. 2a), the distribution of the mean daily methadone doses delivered
nd adherence levels show that substantially more patients with
ong MMT  exposure (28.9%) than patients with short MMT  expo-
ure (10%) had taken the mean daily methadone doses of 60 mg  and
bove (see Fig. 2b).

Similarly, substantially more patients with long MMT  exposure
44.2%) attended the clinics and ingested 80–100% of their pre-
cribed daily maintenance doses than patients with short MMT
xposure (16.2% of these patients attended the clinics and ingested

0–100% of their prescribed daily maintenance doses) (see Fig. 3).
here were also statistically significant differences in the overall
eans of the adherence index among the three MMT  exposure dura-

ion groups: 48% in the short MMT  exposure group; 58% in the
 Dependence 157 (2015) 60–67

medium MMT  exposure group; and 72% in the long MMT  exposure
group (F(2,8810) = 798, p < 0.001).

The mean difference between the last methadone dose dis-
pensed before missing 1, 2, 3, 4, 5, 6, 7–14, and more than 14
consecutive days of methadone dosing ranged from 0 mg to 7 mg
regardless of the prescribed dosing range prior to missing (below
40 mg,  40–59.9 mg,  60–89.9 mg,  and 90 mg  and above), the num-
ber of days missed before resumption of methadone dosing, or their
MMT exposure duration. There were 9882 dosing instances (involv-
ing 3226 patients) in 2010 where a patient received a resumption
methadone dose of 60 mg  or more (range 60–230 mg)  after missing
between 7 and 14 days of dosing.

3.3. Drug use during treatment

Past month drug use (during MMT  treatment in 2010) was
reported by 29.2% (1572/5392), and 52.5% of those who reported
drug use (826/1572) also reported IDU in the past month. Addition-
ally, 45.4% (3374/7429) of patients had at least one opiate positive
test during MMT  treatment in 2010, and the overall mean (SD) of
all opiate positive tests in the study sample was 20% (30%). There
were also statistically significant differences in the overall rates of
opiate positive urine test results among the three MMT  exposure
duration groups: 37% in the short MMT  exposure group; 16% in the
medium MMT  exposure group; and 10% in the long MMT  expo-
sure group (F(2,7428) = 615, p < 0.001). The reported rates of drug
use and injection drug use during MMT  also differed significantly
across the three MMT exposure duration groups:  in the short MMT
duration group, 40% reported drug use in the past month and 26%
reported injection drug use in the past month, in the long MMT
duration group, 27% reported drug use in the past month and 7%
reported injection drug use in the past month (p < 0.001 for both
variables).

In the regression analysis, adherence with daily methadone dos-
ing and MMT  exposure duration correlated significantly (r = 0.355,
p < 0.001; r = 0.351, p < 0.001, respectively) with the proportion of
opiate negative urine tests; the mean daily methadone dose deliv-
ered, the modal daily methadone dose prescribed,  and gender were
not significantly associated with the proportion of opiate-negative
tests (p = 0.400, p = 0.486, and p = 0.878, respectively).

3.4. Gender differences

At treatment entry, female compared to male patients were sig-
nificantly younger, had an earlier age at initiation of drug use, had
fewer years of drug use, and were more likely to have been sexu-
ally active in the past month and more likely to have exchanged
in sexual acts for drugs in the past three months (all p val-
ues < 0.001; see Table 2 for details). During treatment, there were
no significant differences between female and male patients in the
proportions of opiate-negative urine toxicology tests (p = 0.8) or
patterns of methadone adherence (p = 0.5). There were small dif-
ferences between females and males in the mean daily methadone
dose delivered (42 mg  vs. 39 mg)  and the modal daily methadone dose
prescribed (72 mg  vs. 58 mg)  (see Table 3 for details).

4. Discussion

This study assessing all methadone maintained patients in
Wuhan, China, found that a low proportion of patients adhered ade-
quately to daily methadone dosing – overall, only 25.8% received

80% or more of their daily doses while in treatment – and a sig-
nificant correlation between poor adherence to daily treatment
regimen and ongoing illicit opiate use during treatment. Addi-
tionally, the study found that when methadone dispensing was
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Table  1
Baseline characteristics at treatment entry by duration in methadone maintenance treatment (MMT)  prior to 2010.a

Demographics and drug use patterns Mean (SD) F value p

Short MMT
<9 months

Medium MMT
9–18 months

Long MMT
>18 months

Age at entry into MMT  40.3 (7.4) 40.4 (7.3) 40.0 (7.2) 2.49 0.083
Age  of drug use initiation 28.5 (7.7) 28.4 (7.6) 27.0 (6.9) 32.88 0.000
Daily  frequency of drug use (past month) 3.3 (4.0) 3.19 (2.5) 3.7 (3.1) 17.99 0.000
Total  number of drug injections (past month) 91.3 (51.5) 98.4 (49.8) 109.7 (56.6) 59.10 0.000
Daily  drug cost (RMB) 266.9 (208.7) 278.3 (219.5) 340.5 (229.6) 89.73 0.000

Percent (n/N) �2 p

Short MMT
<9 months

Medium MMT
9–18 months

Long MMT
>18 months

Risk behaviors
Injected drugs (past month) 67.3 (1914/2842) 65.1 (1847/2837) 68.8 (1921/2794) 8.65 0.013
Sexually active (past month) 49.0 (1368/2793) 50.9 (1391/2735) 62.9 (1723/2738) 127.01 0.000
Used  condom during last activity 28.3 (384/1356) 22.1 (299/1351) 16.1 (269/1669) 65.59 0.000
Exchanged sex for drugs (past 3 months) 0.4 (12/2828) 0.5 (13/2823) 0.7 (19/2785) 2.10 0.349
Arrested (past 3 months) 3.0 (86/2836) 3.2 (90/2827) 3.8 (106/2792) 2.85 0.240
Committed crime to obtain drugs (past 3 months) 0.9 (25/2833) 1.2 (35/2825) 2.0 (57/2793) 14.48 0.001

Trafficked drugs (past 3 months) 0.4 (10/2826) 1.0 (28/2830) 1.7 (48/2793) 26.00 0.000

Rates  of infectious diseases
HIV 0.5 (7/1495) 0.3 (7/2215) 0.3 (8/2663) 0.87 0.648
HCV  67.3 (1083/1610) 70.9 (1599/2254) 79.8 (2090/2620) 92.78 0.000
Syphilis (RPR) 3.4 (58/1719) 2.9 (63/2172) 1.7 (40/2402) 13.29 0.001
TB  0.7 (4/594) 0.9 (9/1005) 0.5 (7/1532) 1.85 0.396

a Based on patient self-report data at treatment entry collected by Wuhan CDC between April 2006 and December 2010.
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Fig. 1. Distributions of prescribed 

esumed for patients even following prolonged periods of missed
ethadone dosing, the methadone doses were not reduced in con-

ideration of the loss of tolerance to methadone, potentially putting
atients at risk of opiate overdose. Although China has undertaken a
assive expansion of MMT  in order to reduce problems with drug

se and HIV transmission, the findings suggest that there is sig-
ificant room for improving MMT  implementation and treatment
utcomes in China.

The study findings also show a strong effect of the duration of
xposure to MMT  on improved daily adherence to treatment and
onsequently on the mean daily methadone doses delivered and
ngested and on improved drug use outcomes. There are several
ossible interpretations of these findings. One is that staying in

MT longer leads to better treatment outcomes (Ward et al., 1999;

hang et al., 2003). Alternatively, those who entered treatment
arlier may  have different characteristics than those who  came
ater (though, in our study, there were no clinically meaningful
livered methadone doses in 2010.

differences in their baseline data), or those who  remain in treat-
ment the longest are those who are doing well, while those who
entered at the same time but had worse outcomes were no longer
in treatment in 2010. Future studies can be designed to provide
better explanations for these findings.

The research evidence accumulated to date and supported by
the findings of the current study, underscores some broad similar-
ities between China, the U.S. and other countries in challenges of
treating people with opioid use disorder, despite vast differences
in environment, culture, and socioeconomic opportunities. The
patterns of daily methadone adherence found in the current
study are compatible with problems of inconsistent treatment
participation and suboptimal retention reported in several earlier

studies in China, and elsewhere in the world (Gu et al., 2012;
Lawrinson et al., 2008; Sullivan et al., 2013; Wu  et al., 2013; Zhang
et al., 2013). One study of 58 methadone programs in low and
middle income countries with 27 047 participants found that the
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(a)

(b)

Fig. 2. (a) Distributions of the modal daily methadone maintenance dose prescribed across the three durations of MMT  exposure in 2010. (b) Distributions of the mean daily
methadone dose delivered across the three durations of MMT  exposure in 2010.
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Fig. 3. Distribution of patients with different levels of daily

verage retention after 12 months was 54.3% and comparable to

etention rates in high income countries (Feelemyer et al., 2014).

Possible reasons for low adherence observed in the current
tudy include both patient-related factors associated with hav-
ng a substance use disorder (e.g., overall disorganization, poor
rence across the three durations of MMT  exposure in 2010.

decision-making, potentially impaired cognitive functions and

impulsivity) and program-related or societal factors, including lack
of understanding among patients and clinical personnel about the
effective ways to use methadone, requiring daily payment of fees
which may  be a disincentive to daily attendance, and problems
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Table  2
Baseline characteristics of male and female MMT  patients in 2010.a

Demographics and drug use patterns Mean (SD), n t-Test p

Females Males

Age at entry into MMT  39.4 (7.0) n = 2379 41.8 (7.3) n = 6217 13.5 <0.001
Age  at initiation of drug use 26.9 (7.3) n = 2316 28.4 (7.4) n = 6047 8.59 <0.001
Years  of drug use 12.6 (5.3) n = 2316 13.3 (5.6) n = 6047 5.73 <0.001
Daily  frequency of drug use in the past month 3.4 (2.9) n = 2291 3.4 (3.4) n = 6003 0.85 <0.001
Total  number of injections in the past month 104.7 (59.9) n = 1569 97.9 (50.4) n = 4094 4.27 <0.001
Daily  drug cost (RMB) 311.8 (237.4)n = 2300 288.5 (215.0)n = 6003 4.3 <0.001
Number of sexual partners (past 3 months) 1.1 (2.5) n = 1379 1.02 (1.1) n = 3195 1.06 0.291

Risk  behaviors Percent (n/N) �2 (1 df) p

Females Males

Injected drugs (past month) 67.1 (1574/2345) 67.0 (4109/6128) 0.01 0.94
Sexually active (past month) 58.8 (1348/2291) 52.5 (3134/5975) 27.2 <0.001
Used  condom during last activity 23.0 (306/1333) 21.2 (646/3043) 1.62 0.203
Exchanged sex for drugs (past 3 months) 1.1 (25/2334) 0.3 (19/6102) 18.8 <0.001
Arrested (past 3 months) 2.7 (62/2340) 3.6 (220/6115) 4.719 0.03
Committed crime to obtain drugs (past 3 months) 0.9 (20/2338) 

Trafficked drugs (past 3 months) 0.6 (13/2342) 

a Based on patient self-report data at treatment entry collected by Wuhan CDC betwee

Table 3
Comparison of females (n = 2379) and males (n = 6217) on methadone doses and
adherence.a

Percent (n)

Females Males

Mean daily methadone dose delivered
Below 40 mg 52.2 (1242) 56.2 (3491)
40–59.9 mg  26.7 (636) 26.5 (1645)
60–89.9 mg  17.8 (424) 14.8 (922)
90 mg  and above 3.2 (77) 2.6 (159)

Modal daily methadone dose prescribed
Below 40 mg 9.3 (222) 11.1 (693)
40–59.9 mg  18.5 (440) 21.3 (1325)
60–89.9 mg  43.3 (1030) 44.0 (2735)
90 mg  and above 28.9 (687) 23.5 (1464)

Adherence index
Below 40% 25.8 (613) 25.9 (1613)
40–59.9% 26.2 (623) 25.6 (1594)
60–79.9% 23.5 (560) 22.5 (1398)
80–100% 24.5 (583) 25.9 (1612)

a The mean daily methadone dose delivered was calculated as the mean of all doses
during the active treatment episode where missing doses are coded as 0 mg;  the
modal daily methadone dose prescribed was based on the modal (most frequent) value
of  all doses dispensed during the active treatment episode; an adherence index (per-
c
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sample size and are of limited clinical importance. Both females and
entage of days attending treatment and receiving methadone) was calculated as a
atio of days attending the clinic (taking methadone) to the total number of days in
n episode of active treatment during 2010.

ith accessibility of treatment, including transportation difficul-
ies, distance to clinics, limited treatment hours, and interference
ith work or other responsibilities (Wu  et al., 2013). An additional

arrier to adherence is the possibility of arrest for drug use by public
ecurity officers targeting patients entering and leaving methadone
linics (Meng and Burris, 2013; Yang et al., 2014; Zhang et al., 2013).

The very limited services provided along with methadone in
uhan MMT  programs are comparable to low-intensity or min-

mal services programs that have been evaluated elsewhere, most
otably by McLellan et al. (1993). While low-intensity or minimum
ervices programs offered benefits over no treatment (Schwartz
t al., 2006, 2007), they were found sub-optimal for the major-
ty of MMT  patients (Deering et al., 2014; McLellan et al., 1993),
nd the results of the current study are in line with these other

ndings. Regardless of the reasons for low adherence, missed doses

eave patients at increased risk for opioid withdrawal, craving,
nd relapse, as reflected in the study findings that low adherence
ith daily methadone dosing was associated with illicit opiate use
1.6 (97/6113) 6.625 0.01
1.2 (73/6107) 6.89 0.009

n April 2006 and December 2010.

during treatment. Offering additional effective interventions edu-
cating patients about the benefits of high adherence to methadone
treatment and/or helping them to develop skills and plans focus-
ing on improved treatment adherence may  also potentially lead to
improved overall attendance.

The findings that physicians prescribed doses on average
60 mg/day or greater indicate good compliance with China CDC
treatment recommendations regarding methadone doses (Yin
et al., 2010). However, due to a low adherence to daily clinic
attendance and missing of prescribed daily maintenance doses, the
average ingested dose was low, below 40 mg/day for the majority of
MMT patients in 2010. This finding is consistent with earlier studies
elsewhere. For example, a study evaluating 17 years of methadone
prescribing in the US found that “Thirty-four percent of patients
receive doses below 60 mg/day, while 17 percent receive doses
below 40 mg/day” (Pollack and D’Aunno, 2008).

The finding that the methadone dose was  not reduced following
missed doses, even after more than one week of missed medica-
tions and even for patients receiving higher methadone dosages,
raises important safety concerns, since patients can quickly lose
tolerance to methadone after their last dose and are at risk of
methadone overdose if they are reinitiated at a high dose (Baxter
et al., 2013). The finding that doses were not reduced following pro-
longed absences also suggests that physicians (as well as patients)
do not fully appreciate the risks of methadone treatment, how it
works, and appropriate safe and effective prescribing practices.

Nearly half of the patients had at least one opiate positive
urine test during MMT.  Although the overall proportion of opiate-
positive urine tests during treatment was  relatively low, this rate
may  underestimate the extent of use because urine toxicology
tests were infrequent and often missed in part because of poor
clinic attendance. While urine tests are planned/scheduled for each
patient once per month in Wuhan MMT  programs, in reality they
were obtained when patients presented to the clinic, not truly
randomly, and collected less often than intended weakening the
potential clinical utility of this data.

Gender did not markedly affect treatment characteristics or
treatment outcomes (28% of patients were female). The statisti-
cally significant differences between male and female drug users
obtained in these comparisons are primarily driven by the large
males had similar rates of subtherapeutic ingested daily doses (78%
for females and 71% for males). Adherence with treatment was  low
in both groups, with only 25% of females and 26% of males coming to
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he clinic and receiving prescribed medication on 80–100% of treat-
ent days. Since the outcomes and problems experienced for males

nd females were similar, the study findings suggest that gen-
ral approaches to improving treatment and treatment outcomes
ay  be of greater value at present than developing gender-specific

nterventions.

.1. Study limitations

While providing a very large pool of real-world data, the
atabase comes from one city in China, and the results of the cur-
ent study may  not generalize to all of China or other countries.
ifferences in patient populations (e.g., the prevalence of HIV in
uhan patients was less than 0.5% in 2010, considerably lower

han in some other regions of China), and potential differences in
rogram implementation may  limit the generalizability of the find-

ngs. Nonetheless, it is important to note that the Wuhan MMT
rogram follows the same clinical guidelines and protocols used
hroughout China, its MMT  patient population is similar to many
rban regions of China with a large proportion of IDUs and a high
revalence of HCV, and Wuhan MMT  physicians receive the same
ducation, training, and monitoring as MMT  physicians throughout
hina.

Additionally, the database was designed for clinical moni-
oring and not for research. There are missing baseline and
elf-report data. Self-report data cannot be independently veri-
ed for accuracy. Urine toxicology screens were obtained when
atients presented to the clinic, not truly randomly or collected
s often as intended. Other than methadone dosing, self-reported
rug use, and morphine-derivative urine toxicology, there is little

nformation about other drug use or other services provided, co-
orbid psychiatric conditions, or other treatment outcomes. When

atients enter the MMT  program, they are evaluated using a stan-
ard set of questions regarding their demographics, drug use and
elated history, risk behaviors, and they are also tested for infec-
ious diseases. Throughout their MMT  participation, patients data
btained at baseline are updated (repeated evaluations and tests).
espite the MMT  staff efforts to update all patients data regularly
t uniform intervals, the available database is not completely up-to
ate (patients miss repeated evaluations for various reasons, and
here are no incentives or penalties related to missed evaluations).
n our study, we used the latest available record for each of the
tudy participants. Data limitations related to varying timing of the
vailable data records may  also have contributed to the observed
ack of differences among various study groups.

.2. Conclusions

The rapid expansion of MMT  in China has attracted a large
umber of admissions, and treatment for males and females
ppears clinically comparable. Problems documented by the
tudy, including problems providing safe methadone dosing after
bsences, ensuring that patients receive effective methadone
osages (consistent with known standards for efficacy), and imple-
enting structural or programmatic changes and supplemental

nterventions aimed at improving treatment adherence and effec-
iveness have been identified as priority quality improvement
reas in China. Based on the findings of the current study and on
ndings from another recently published study by our team (Zhou
t al., 2015), some of the initiatives currently being implemented
y the Wuhan CDC include: developing improved guidelines
oncerning methadone dosing, including safe-dosing of patients

ho miss medication; developing procedures to incentivize
atients to maintain high levels of daily adherence by modifying
he required payment schedules; improving educational and
rug counseling capacity and expertise in MMT  clinics (including
 Dependence 157 (2015) 60–67

increasing training opportunities for MMT  physicians and nurses);
strengthening communication and collaboration between the
MMT personnel and the local police/security organizations to
eliminate or minimize the threats/risks to MMT  patients resulting
from the police and security forces operating in close proximity
to MMT  clinics; improving data, and data reporting capabilities
of the computerized monitoring systems implemented in MMT
programs in Wuhan. Additionally, in collaboration with the study
investigators, Wuhan CDC is also undertaking a large randomized
clinical trial (RCT) evaluating the feasibility and the efficacy of
adding different counseling models to standard MMT  in China.
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