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Abstract
Background—Clinical parameters for determining buprenorphine dose have not been
adequately examined in treatment outcome research.

Objectives—The current study is a secondary analysis of data collected in a recently completed
comparison of buprenorphine taper schedules conducted as part of the National Institute on Drug
Abuse’s (NIDA) Clinical Trials Network (CTN) to assess whether participant baseline
characteristics are associated with buprenorphine dose.

Methods—After 3 weeks of flexible dosing, 516 participants were categorized by dose provided
in the final dosing week (9.3% received a final week dose of 8mg buprenorphine, 27.3% received
16mg, and 63.4% received 24mg).

Results—Findings show that final week dose groups differed in baseline demographic and drug
use characteristics including education, heroin use, route of drug administration, withdrawal
symptoms, and craving. These groups also differed in opioid use during the four dosing weeks,
with the lowest use in the 8mg group and highest use in the 24mg group (p < 0.0001). Additional
analyses address withdrawal symptoms, and craving.

Conclusions and Scientific Significance—Final week dose groups differed in demographic
and drug use characteristics, and the group receiving the largest final week dose had the highest
rate of continued opioid use. These findings may contribute to the development of clinical
guidelines regarding buprenorphine dose in the treatment of opioid dependence, however further
investigations that include random assignment to dose by baseline characteristics are needed.
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Introduction
The safety and effectiveness of buprenorphine for the pharmacological treatment of opioid
dependence have been established (1–8), and research continues to examine issues related to
best practices for optimizing treatment outcome (9). Clinical dosing parameters for
optimizing treatment outcome have yet to be empirically examined, although some
buprenorphine dosing issues have been investigated, including comparable dosing, fixed vs.
flexible dosing, stabilization dosages, dosing schedules, and subjective and physiological
effects by buprenorphine dose.

The necessity of providing an appropriate dose is reflected in previous research comparing
the effectiveness of buprenorphine and methadone which concluded that the maximum
buprenorphine dose, typically 12–16mg, was too low (6, 10–14). After induction onto
buprenorphine, the optimal stabilization or maintenance dose should suppress withdrawal
symptoms and provide an appropriate substitute for illicit opioid use. In a meta-analysis
comparing treatment outcome for methadone and buprenorphine in opioid-dependent
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patients, Barnett and colleagues (15) concluded that variation between trials may be partly
due to differences in dose levels, and that buprenorphine doses higher than 12mg daily may
be needed to be most effective. In a non-randomized sample of methadone-maintained (n =
78) and buprenorphine-maintained (n = 76) patients, higher medication doses predicted
more opioid-negative urines for both groups (16).

The advantages of flexible dosing are increasingly recognized as allowing tailored treatment
to address patient needs and to ensure comfort (i.e., suppress opioid craving), and use of
fixed dosing in most research designs may contribute to difficulties in interpreting study
findings (12). Daily buprenorphine doses typically range from 8mg to a maximum of 24 to
32mg (5, 17), in order to provide for patient-specific needs, to minimize withdrawal
symptoms, and provide an adequate maintenance dose. Buprenorphine blood concentrations
typically stabilize after about 7 days of dosing (18), so emergent withdrawal symptoms may
indicate that a dose increase is necessary to alleviate patient discomfort (19) and increase
treatment retention.

In a unique study using flexible dosing to determine the dose required to produce an optimal
therapeutic response (20), 100 opioid-dependent patients were given up to 16 weeks of
buprenorphine, with daily doses ranging between 4mg and 32 mg. Using therapeutic
response criteria measured by adverse events, urine toxicology, and clinic attendance,
dosages were adjusted in sequential doses to reach 12, 16, 24, and 32mg per day.. Results
demonstrate that, of the 50 patients who remained in treatment, 70% achieved clinical
stabilization in an average of 64 days. Importantly, more than 80% of patients who achieved
stabilization required more than 12mg buprenorphine per day, with a mean daily
stabilization dose of 14.6mg (6.5mg). Individual variation in effective dose was apparent,
although effective dose did not vary by patient characteristics.

The current study utilizes data from a NIDA Clinical Trials Network (CTN) multi-center
study of buprenorphine taper schedules (9) to examine baseline characteristics and opioid
use for study participants who received a daily dose of 8mg, 16mg, or 24mg during the final
week of the 4-week buprenorphine stabilization/maintenance treatment phase. The final
week of dosing was not assigned, but rather, participants’ doses may have varied for 3
weeks until a participant-specific dose was selected by the study physician for the final week
of dosing. This secondary analysis examines baseline characteristics and opioid use to
determine if participants differ by final week dose. The possible identification of participant
characteristics associated with buprenorphine dose has important clinical implications that
could inform treatment planning and contribute to increased successful outcomes. Although
this is a secondary analysis, this investigation of buprenorphine dose groups, with dose
determined by clinicians after three weeks of flexible dosing, allows an examination of the
association between participant characteristics, opioid use, and prescribed buprenorphine
dose.

Methods
Design

Data were collected from June 2003 through November 2005 in research to compare two
buprenorphine taper schedules funded by the National Institute on Drug Abuse’s CTN. This
was an open-label study providing four weeks of Suboxone® (combination of
buprenorphine and naloxone). Following medication induction and flexible dosing for 3
weeks to determine appropriate participant-specific dose, daily dose was set at 8mg, 16mg,
or 24mg buprenorphine by clinician determination for the last week of the stabilization/
maintenance phase. The current study utilizes data collected at baseline and during the 4-
week stabilization/maintenance phase, before participants were randomly assigned to one of

Hillhouse et al. Page 2

Am J Drug Alcohol Abuse. Author manuscript; available in PMC 2012 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



two medication taper schedules (9). Current analyses examine whether baseline
characteristics and opioid use are associated with final week maintenance dose. These
analyses include data for all participants who completed the 4-week stabilization/
maintenance phase.

Participants
Eligible participants were seeking treatment for opioid dependence at one of the 11
participating treatment programs in 10 U.S. cities in Colorado, Washington, Oregon,
Connecticut, New York, Virginia, and North Carolina. Two of the treatment programs were
hospital-based, and 9 of the programs were Opioid Treatment Programs, although all 11
programs dispensed methadone regularly. Participants were recruited through word of
mouth, advertisements, and referrals. Inclusion criteria included being at least 15 years of
age, and seeking detoxification for opioid dependence. Exclusion criteria included poor
general health, allergies to buprenorphine or naloxone, pregnant or nursing, having a
psychiatric or medical condition that would make participation medically hazardous,
dependence on alcohol or any drug other than opioids (ascertained by the DSM-IV
checklist), participation in an investigational drug study in the last 30 days, or in methadone
or levo-Alpha Acetyl Methadol (LAAM) maintenance or detoxification in the last 30 days.
Females were required to agree to use an acceptable form of birth control. Individuals not
eligible to participate were referred to local treatment facilities.

Approval was obtained from each of the participating Institutional Review Boards. All
participants provided written informed consent prior to any study procedures and were
compensated with $10 gift cards or cash for each weekly visit, and $25 each for screening,
start of induction, start of taper, and follow-up visits.

A total of 894 participants were assessed at baseline, 83.67% (748) were inducted onto
buprenorphine, and 516 completed the stabilization/maintenance phase. Analyses comparing
baseline characteristics of participants who completed the 4-week stabilization/maintenance
phase (n = 516) and those who dropped out before the final week (n = 232) documented
significant differences in two variables. A lower mean number of days employed in the past
30 days was found for those who completed all 4 weeks (mean = 4.25, sd = 3.1) compared
to those who dropped out before the final week (mean = 4.85, sd = 3.2) (Z = 2.42; p =
0.0159). A lower mean number of days of heroin use in the past 30 days was found for the
retained group (mean = 22.87, sd = 11.6) as compared with the drop-out group (mean =
25.75, sd = 9.5) (Z = 3.57; p=0.0004).

Study Drug
Buprenorphine in the form of Suboxone®, a combination 4:1 ratio, buprenorphine to
naloxone, sublingual tablet was used. Reckitt and Benckiser (Hull, UK) provided two
formulations (2 mg buprenorphine/0.5 naloxone and 8 mg buprenorphine/2 mg naloxone)
supplied by NIDA. Participants were provided weekly supplies of medications and explicit
dosing instructions which included once daily dosing after induction.

Measures
Data were collected using measures and scales often included in studies of opioid treatment.
The Addiction Severity Index-Lite (ASI-Lite)(22), an abbreviated version of the ASI, is a
standardized clinical interview that collects problem severity profiles in seven domains
commonly affected in substance abuse, including alcohol and drug use, medical, psychiatric,
legal, family/social and employment/support. Demographic and drug use data collected with
the ASI were used in the current analyses.
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The Clinical Opiate Withdrawal Scale (COWS) (23) is an 11-item interviewer-administered
measure which assesses signs and symptoms of opioid withdrawal that can be observed
directly in the participant (e.g., sweating, runny nose, etc). The COWS was administered at
each clinic visit, and pre- and post-dose on induction day. Scores of individual items are
summed for the total score, ranging from 0–48.

The Adjective Rating Scale for Withdrawal (ARSW) (1, 24–25) is comprised of 16 self-
reported signs and symptoms of opioid withdrawal rated on a scale ranging from 0 (none) to
9 (severe), with total scale scores ranging from 0–144. Item examples include muscle
cramps, painful joints, and fitful sleep. The ARSW was completed at each clinic visit, with
pre- and post-dose assessments on induction day.

The Visual Analog Scale (VAS) consists of 100-point lines anchored with “not at all” and
“extremely.” Participants reported the extent to which they felt any craving for opioids,
withdrawal symptom severity, and the extent to which the study medication helped to ease
cravings. The VAS was completed at each clinic visit, and pre- and post-dose on induction
day. Only the assessment of craving was used in the current analyses.

Urine samples were collected at six clinic visits: once at induction, three times during
flexible dosing weeks, once during the final dose week, and once after the final dose week
(before randomization to taper schedule). Samples were tested on-site with results coded as
positive or negative for morphine, methadone, amphetamines, barbiturates, benzodiazepines,
cocaine, methamphetamines, phencyclidine (PCP), marijuana, and tri-cyclic antidepressants.
Either Jant’s Accutest MultiDrug Screen-10 or ABI’s SureStep Drug Screen Card 10A were
used at each site. Additionally, use of oxycodone was assessed using ABM’s Rapid One
Oxycodone single dipstick. Opioid use was measured by the Treatment Effectiveness Score
(TES) (26). The TES is computed as the percentage of opioid-negative UA tests over the
number of possible tests (6) during the treatment period.

Physician-prescribed daily dose was documented for each study day. Mean daily dose for
each specified final week dose group are computed for these analyses.

Procedures
Induction occurred over the first three days of participation using standard induction
procedures. The initial dose of study drug was determined by each study physician, but
typically ranged between 2–4mg buprenorphine, with a maximum 8mg dosage for the first
day. The usual dose for day 2 was 12mg, and the usual dose for day 3 was 16mg.
Participants received medication to continue daily dosing until the next scheduled office
visit with no more than seven days of medication provided at any time. Dose could be
adjusted at weekly clinic visits, in 4mg increments, to range between 8 mg and 24 mg, as
determined appropriate by the study physician.

The four week stabilization/maintenance phase included three weeks of flexible dosing to
allow adjustments for individual response to buprenorphine. Although no explicit
instructions were provided to physicians to determine dose, physicians may have been
guided by urine test results, participants’ self-reported opioid use, as well as withdrawal,
craving, and adverse events. All participants were on a daily dose of 8mg, 16mg, or 24mg
by the fourth week.

Because study procedures were intended to mirror those occurring in real-life clinic settings,
the behavioral treatment procedures in place at each treatment site were followed throughout
the study with no attempt made to standardize or modify site-specific procedures. Efforts
were made to ensure that all participants received a basic platform of substance abuse
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education, and sites received self-help buprenorphine treatment booklets for distribution to
participants. No data were gathered to assess engagement in the psychosocial treatment
component.

Data Analysis
Baseline comparisons, dosing patterns, opioid use, treatment outcome, and withdrawal and
craving are addressed. Baseline characteristics, opioid use, withdrawal symptoms and
craving were compared for each dose group using chi-square and ANOVA. All associations
between opioid use, withdrawal, and craving by final week dose group were analyzed using
ANOVA and regression, controlling for the baseline characteristics that differed across dose
groups.

All statistical tests were performed at 95% significance level. Statistical analysis was
performed using SAS 9.1 (SAS Institute Inc., Cary, NC)

Results
Participants

From 748 participants meeting study eligibility and inducted onto buprenorphine, 516
completed three weeks of flexible dosing and the final week of dosing. Table 1 shows
baseline demographic and drug use characteristics by final week dose. A total of 48
participants (9.3%) were prescribed final week daily doses of 8mg buprenorphine, 141
(27.3%) were prescribed 16mg, and 327 (63.4%) were prescribed 24mg. The dose groups
differed in mean years of education (F = 3.10; p = 0.0459), with the 8mg dose group having
more years of education (13.46 years) compared to the participants in the 16mg dose group
(12.57 years) and in the 24-mg dose group (12.80 years).

The groups also differed in drug use history, including mean days of heroin use in the past
30 days (F = 8.52; p = 0.0002), with the 8mg group reporting 17.21 days (sd = 13.36), the
16mg group reporting 21.82 days (sd = 12.37), and the 24mg group reporting 24.15 days (sd
= 10.70). Route of administration (injection vs. non-injection) was also significantly
different (Chisq = 6.95; p = 0.031) with 41.67% of the 8mg group, 48.94% of the 16mg
group, and 58.41% of the 24mg group reporting injection drug use. Lastly, the groups
differed in baseline withdrawal and craving scores, as measured by the COWS (F = 5.68; p
= 0.0036) and VAS (F = 4.70; p = 0.0095), respectively, with the 8mg group having a
significantly lower score from both the 16-mg and the 24mg groups.

All study participants provided at least four urine samples of the six used to determine the
TES. Of the 8mg dose group, 6.3% (3) provided 5 samples, and 93.7% (45) provided at least
6 samples. Of the16mg dose group, 1.4% (2) provided 4 samples, 12.1% (17) provided 5
samples, and 86.6% (122) provided at least 6 samples. Of the 24mg group, .31% (1)
provided 4 samples, 8.6% (28) provided 5 samples, and 90.8% (297) provided at least 6
samples. Across all groups, 16 participants provided 7 urine samples, typically because of an
additional clinic visit, but only one of these had all 7 samples negative for opioids. As such,
the TES for this individual was rounded down to 100, whereas the TES for the other 15
participants who provided 7 urine samples remained as computed.

Dosing Patterns
Dose adjustments were allowed during the first three weeks of treatment to meet the needs
of study participants in terms of discomfort, craving, and withdrawal symptoms with a final
week dose of 8mg, 16mg, or 24mg determined for each participant. Mean dose prescribed
for each study week by dose group is shown in Table 2.
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Opioid Use
Using the TES to measure opioid use from induction through the end of the four-week
treatment phase, the mean TES of the 8mg group was 66%, the 16mg group was 53%, and
24mg group was 42%. A significant association was found between final week dose group
and TES after controlling for the baseline characteristics which differed by dose group
(mean years of education, heroin use in the past month, COWS, and VAS) (F=11.61;
p<0.0001). The 24mg dose group had greater opioid use as indicated by the smaller
percentage of opioid-negative urine test results. The 8mg group had a significantly higher
mean TES by 0.18 units compared to the 24mg group, and the 16mg group had a higher
mean TES by 0.09 units compared to the 24mg group. The mean TES for each final week
dose group is significantly different from each other.

Withdrawal and Craving
A significant association was found between final week dose group and withdrawal and
craving, including the COWS (F=19.70; p<0.0001), ARSW (F=10.16; p<0.0001) and VAS
(F=22.79; p<0.0001) averaged over the treatment period after controlling for the baseline
characteristics that differed by final week dose group. Participants with greater withdrawal
symptoms and craving scores had larger final week doses. Table 3 shows mean scores for
each measure by final week dose group.

Analyses document that the 24mg group had significantly greater clinically observed
withdrawal symptoms as compared to both the 8mg group (F = 32.33; p < 0.0001) and the
16mg group (F = 31.56; p < 0.0001).

ARSW scores for the 24mg group were significantly greater than for the 8mg group (F =
15.83; p < 0.0001), and for the 16mg group (F = 25.76; p < 0.0001).

VAS scores for the final week dose groups were significantly different from each other: The
8mg group reported significantly less craving then the 16mg group (F = 7.86; p = 0.0052),
and the 24mg group (F = 39.56; p < 0.0001); and the 16mg group reported significantly less
craving than the 24mg group (F = 24.99; p < 0.0001).

Discussion
Final week dose groups differed in baseline demographic and drug use characteristics,
baseline withdrawal and craving symptoms, and opioid use during the 4-week treatment
period. Because study participants’ doses were based on clinical determination of
participants’ needs such that doses were increased or decreased through the first 3 weeks of
dosing in order to identify the most appropriate dose for the final week of dosing, it might be
expected that final week dose groups would experience similar rates of opioid-free urine
tests results. That is, physicians were given the opportunity to provide dosage based on the
apparent needs of each participant, and flexible dosing for three weeks allowed the
physician to titrate up or down based on the specific participant’s needs. Despite a 3-week
period to identify an appropriate clinical dose, the 24mg group had the highest rate of
continued opioid use compared to the 8mg and 16mg dose groups.

One explanation for these findings is that buprenorphine dose is related to severity of
patients’ drug use, with those having more severe drug use at baseline requiring a larger
dose and, not unexpectedly, continuing to experience a higher rate of continued drug use
throughout the treatment period. To compare dose groups on baseline severity of drug use,
we looked at opioid use (measured by days of heroin use in the last 30 days, and route of
administration) and withdrawal symptoms and craving (measured by the COWS, ARSW,
and VAS) which showed significant baseline differences among dose groups. Post-hoc
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regression analyses show that days of heroin use in the past 30 days significantly predicted
opioid use as a function of dose. These results demonstrate that baseline severity of drug use
is associated with buprenorphine dose, although no current formal assessment of drug use
severity has been constructed for use at treatment intake to assist in the identification of
appropriate induction and stabilization dosages. These study findings suggest that physicians
may be selecting dosage based on their own expertise, with a greater dose prescribed for
those with a history of more severe opiate use. Baseline assessments of withdrawal
symptoms and heroin use, however, may improve the ability to assess and dispense
appropriate buprenorphine dose.

A second explanation for the poorer outcome of the 24mg group is that they weren’t being
provided a sufficient dose given the severity of their drug use history and associated
withdrawal and craving symptoms. Although the majority of study participants (63.4%)
received the maximum dose of 24mg, it is unclear whether allowing for a greater dose above
the study maximum of 24mg would have resulted in better outcomes for the most severely
dependent participants. Published guidance on the clinical use of buprenorphine for opioid
dependence (e.g., 20, 28) indicates that dosing up to 32mg daily is appropriate. Although
clinical practice often resorts to an increase in dose when a patient is not doing well, a rarely
used alternative option is to reduce the dose. Given the current study design, it is unknown
whether study participants would have the same, better, or worse outcomes with a different
final week dose.

Finally, a third possibility is that buprenorphine may not be the best pharmacotherapy for
opioid dependent individuals with the most severe use history. No research has investigated
the effectiveness of buprenorphine by dependence severity criteria, so it is unknown whether
buprenorphine has optimal benefits only for a specific range of dependence severity. It may
be that methadone maintenance is the best treatment option for patients who do not do well
on even the highest doses of buprenorphine.

The mean dosage provided during the first week of treatment differs by dose groups (Table
2), suggesting that study physicians may be anticipating participants’ dose needs although
physicians prescribing buprenorphine may have few clinical guidelines for selecting dose. It
may be that physicians opt to use a trial-by-error method, selecting a dose and adjusting up
or down as deemed appropriate. Physicians may also be providing an initial low dose before
increasing dose when patients do not do well.

These findings suggest that baseline assessments may aid in determining stabilization dose;
particularly useful may be measures of drug use history and current withdrawal and craving
indices. These findings should be investigated using other study designs that include random
assignment and longer-term treatment periods. Most experts in the field would argue for
longer term treatment over short-term detoxification as provided in this study, and
clinicians’ dosing practices may differ when providing buprenorphine for long-term
maintenance treatment as compared to dosing for a short-term detoxification procedure.

Whether the results of this study examining dosages in a short-term detoxification regime
would also be found in the provision of longer term treatment should be explored in future
research. Other limitations that should be addressed in future research are that physicians
were constrained to prescribe 1 of 3 final week dosages (8mg, 16mg, 24mg), although it is
possible that an alternative dose would be most appropriate. Additionally, while the use of
the TES is designed to only include opioid-negative urine results, this means that both
missing and opioid-positive urine results are considered identically. This limitation is found
in other research that uses urine toxicology results as a determination of treatment outcome
although other reasons for missing urine tests should be considered.
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The current finding that dose is related to participant baseline characteristics and continued
opioid use may have important clinical implications for determining appropriate treatment
plans, including daily dose of buprenorphine for the treatment of opioid dependence, but
further research is required. Future research, including designs with random assignment,
should be undertaken to investigate whether participant baseline characteristics can
successfully predict appropriate buprenorphine dose. In addition to demographic and drug
use characteristics, other participant characteristics such as co-morbidity should be included
in future studies. Methods for determining optimal buprenorphine dose will be extremely
helpful in clinical settings in which physicians currently have no formal tools for
determining appropriate dose.
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Table 1

Baseline Demographic and Drug Use Characteristics by Final Week Dose Group

Dose

8 mg
(N=48)

16 mg
(N=141)

24 mg
(N=327)

Mean Age (yrs) 37.30 (10.54) 35.41 (10.03) 35.89 (10.62)

Mean Years of Education* 13.46 (2.32) 12.57 (2.29) 12.80 (2.05)

Mean number of days employed (in past 30 days) 3.56 (2.91) 4.09 (3.05) 4.43 (3.13)

Gender
    Male
    Female

64.58 (31)
35.42 (17)

64.54 (91)
35.46 (50)

68.50 (224)
31.50 (103)

Race
    Caucasian
    African-American
    Others
    Hispanic

72.92 (35)
18.75 (9)

. (.)
8.33 (4)

75.89 (107)
14.89 (21)
2.84 (4)
6.38 (9)

76.76 (251)
9.17 (30)
3.36 (11)
10.70 (35)

Marital Status
    Married/Remarried
    Widowed/Separated/Divorced
    Never Married

35.42 (17)
20.83 (10)
43.75 (21)

20.57 (29)
23.40 (33)
56.03 (79)

24.16 (79)
25.08 (82)
50.76 (166)

Mean Days Heroin use (in past 30)*** 17.21 (13.36) 21.82 (12.37) 24.15 (10.70)

Mean Years of Heroin use 4.54 (7.33) 6.13 (7.62) 6.82 (8.33)

Route of administration*
    Non-inject
    Inject

58.33 (28)
41.67 (20)

51.06 (72)
48.94 (69)

41.59 (136)
58.41 (191)

Mean Days Other Opioid/Analgesic Use (in past 30) 9.92 (13.33) 6.91 (11.53) 5.95 (10.66)

Mean Days Prescribed Methadone (in past 30) 0.00 (0) 0.04 (0.43) 0.03 (0.46)

Mean Days Illicit Methadone (in past 30) 0.23 (0.88) 0.47 (1.36) 0.50 (1.90)

Mean Days Cocaine Use (in past 30) 1.83 (4.89) 3.03 (6.49) 3.47 (6.93)

Mean Days
Amphetamine/Methamaphetamine Use (in past 30)

0.94 94.06) 0.66 (3.26) 0.48 (2.04)

Mean Days Cannabis Use (in past 30) 4.27 (7.58) 3.98 (7.88) 4.24 (8.35)

COWS score (baseline)** 6.75 (4.01) 8.42 (3.97) 8.77 (3.89)

ARSW score (baseline) 51.83 (31.31) 61.94 (32.45) 63.78 (31.96)

VAS score (baseline)** 59.50 (24.30) 70.18 (21.77) 70.88 (25.06)

*
p < 0.05

**
p < 0.01

***
p < .001
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Table 2

Mean prescribed dose for each study week by final week dose group (sd).

WEEK

Group 1 2 3 4

8mg
n = 48

9.87
(3.6)

10.09
(4.3)

9.36
(3.5)

8.32
(1.5)

16mg
n = 141

14.17
(2.9)

16.42
(2.4)

16.30
(1.7)

16.04
(1.1)

24mg
n = 327

16.83
(3.3)

23.17
(2.6)

23.74
(1.3)

23.92
(0.4)
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