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Abstract

Objective—Behavioral conditioning as an inherent component of many pharmacotherapeutic
protocols has never been examined. We hypothesized that psoriasis patients treated under a partial
schedule of pharmacologic (corticosteroid) reinforcement would show less severe symptoms and
relapse than those given the same amount of drug under standard conditions.

Methods—A double blind, simple randomization intervention was conducted with 46 patients from
California and New York. Initially, lesions were treated with 0.1% acetonide triamcinolone under
standard treatment conditions. Thereafter, a Standard Therapy group continued on continuous
reinforcement (active drug every treatment) with 100% of the initial dose; Partial Reinforcement
patients received a full dose 25-50% of the time and placebo medication other times; Dose Control
patients received continuous reinforcement with 25-50% of the initial dose.

Results—Severity of disease scores in CA neither supported nor refuted the hypothesis. In NY,
where there was no difference between Partial Reinforcement and Dose Control groups at baseline,
partial reinforcement effected a greater reduction in lesion severity than Dose Control conditions and
did not differ from Standard Therapy patients receiving 2-4 times more drug. For the entire
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population, the incidence of relapse under partial reinforcement (26.7%) was lower than in Dose
Control patients (61.5%) and did not differ from full-dose treatment (22.2%).

Conclusions—A partial schedule of pharmacotherapeutic reinforcement could maintain psoriasis
patients with a cumulative amount of corticosteroid that was relatively ineffective when administered
under standard treatment conditions. Conceivably, corticosteroid administration only one quarter or
half as frequently as currently prescribed is sufficient to treat psoriasis. We posit, however, that these
preliminary observations implicate conditioning processes in—and for the design of—regimens of
pharmacotherapy.
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INTRODUCTION

Clinical research and drug evaluation studies have adhered to the model in which a drug or
placebo is administered in order to evaluate the efficacy of pharmacotherapies or to define the
pharmacological (as opposed to the psychological) action of a drug. There have been repeated
but unanswered calls for studies of the placebo effect as a phenomenon that may have important
clinical implications in its own right (2). Still, it is only the initial, nonspecific response to a
placebo that is studied in the majority of placebo research. Here, we address placebo effects
as they apply to chronic drug treatment conditions.

The response to a placebo “looks like” the response to a conditioned stimulus. In behavioral
terms, physiological effects elicited by pharmacologic agents are unconditioned responses
(UCRs), the drug itself being the unconditioned stimulus (UCS). Events or stimuli that are
coincidentally or purposely associated with and reliably predict the voluntary or involuntary
receipt of drug—hbut are neutral with respect to eliciting the unconditioned effects of the active
drug—are conditioned stimuli (CSs). These could include the environment in which
medication is taken or administered (and by whom) and characteristics of the “pill” or injection,
itself. Repeated associations of CS and UCS eventually enable the CS to elicit a conditioned
response—an approximation of the response unconditionally elicited by the UCS. Thus, the
response to an inert or therapeutically irrelevant substance or placebo has been described as a
conditioned response.

There is a substantial literature in humans and lower animals supporting the proposition that
the response to a placebo is a learned response (3)—and one that is specific rather than
nonspecific (4). The substitution of conditioned stimuli for a proportion of active
immunosuppressive drug treatments delayed the onset of proteinuria and mortality in lupus
prone mice using a cumulative amount of drug that was not, by itself, sufficient to influence
progression of the autoimmune disorder (5), suggesting that there might be some heuristic
value in viewing pharmacotherapeutic protocols as a series of conditioning trials. This strategy
was also effective in the treatment of a child with systemic lupus erythematosus (6). Other
studies have also shown the salutary effects of exposure to conditioned stimuli previously
paired with therapeutic agents in animals (7-11) and in humans (12). The response to a placebo
is influenced by the sequence in which drug and placebo are administered (13-15), and relapse
is delayed among patients who are given placebos upon withdrawal of active medication (e.g.,
16). Also, conditioning is a parsimonious explanation of the delayed relapse that occurs among
patients treated with drug and then switched to placebo (CSs) in double-blind crossover studies
(17,18).

The role of conditioning in placebo responding has been questioned on the grounds that some
conditioned pharmacologic responses, compensatory or paradoxical conditioned responses,
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are opposite in direction to the effects of the drug used as the unconditioned stimulus (19).
However, there is an operational difference between conditioned pharmacologic and
conditioned pharmacotherapeutic responses (3). In the former, the UCS delivered to normal
subjects elicits a physiological response that represents some deviation from some homeostatic
level and there are occasions when the UCS elicits a compensatory response. In the case of
conditioned pharmacotherapeutic responses, a therapeutic agent delivered to a subject (patient)
is calculated to correct a naturally occurring or experimentally induced physiologic imbalance.
We are unaware of any direct evidence of compensatory conditioned pharmacotherapeutic
responses.

Currently, research designed to evaluate drug effects involves two distinct groups: an
experimental group that receives active drug and a control group that does not---receiving,
instead, an inert or chemically irrelevant substance (the placebo). In all other respects, the
stimuli that attend drug or placebo administration are, presumably, “identical.” Experimental
subjects receive medication that is invariably followed (reinforced) by the unconditioned
effects of the drug (in behavioral terms, a continuous or 100% reinforcement schedule). In
contrast, control subjects who engage in the same behaviors, are subject to the same
environmental conditions, and receive placebo medication are never therapeutically reinforced,;
they are on a 0% reinforcement schedule. One is therefore prompted to ask about schedules of
reinforcement between 0 and 100%? There is an alternative to evaluating drug effects by
administering drug or placebo: one can administer drug and placebo. One can introduce partial
schedules of reinforcement in which “medication” and the attendant environmental cues are
therapeutically reinforced on some occasions but not on others. Thus, by capitalizing on
conditioning effects, it might be possible to approximate the therapeutic effects of a continuous
schedule of reinforcement, that is, suppress symptoms or maintain some physiologic
homeostatic limits, using lower cumulative amounts of drug.

We explore this possibility by attempting to reduce the amount of corticosteroid medication
required for the maintenance of patients with mild to moderate psoriasis. Psoriasis is not a fatal
disease, but usually requires life long treatment and can become a source of significant
morbidity. There is strong evidence that immune regulation plays a pathophysiologic role in
the development of this disease (20) and there is striking evidence for the involvement of
neurogenic inflammation as well (21,22). There is also literature implicating neuroendocrine
factors in the inflammatory and proliferate processes of psoriasis (23,24). It is not surprising,
then, that affective states and stressful life experiences have been associated with the
appearance or exacerbation of psoriasis (25,26), and it would not, therefore, be unlikely that
conditioned pharmacotherapeutic responses could affect the course of disease.

We propose, then, to capitalize on conditioned pharmacotherapeutic responses to reduce the
cumulative amount of corticosteroid medication used in the treatment of psoriasis. Specifically,
we will test the prediction derived from a conditioning model of pharmacotherapy (3) that
patients treated under an intermittent schedule of corticosteroid medication will have a lower
incidence of relapse and less severe symptoms of disease compared to patients treated with
that same (reduced) amount of drug administered under a continuous schedule of
reinforcement.

METHODS

Participants

Patients with mild to moderate psoriasis, 19-70 years of age, were recruited from newspaper
and television advertisements and paid for their participation. Patients reported that they had
not been treated with topical or systemic psoriasis medication in the previous two months and
agreed to refrain from using any other psoriasis treatments during the course of the study. A
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total of 251 subjects were screened and 139 satisfied inclusion criteria. Of these, 58 failed to
meet baseline period criteria, 27 withdrew from the study (17 before completing the baseline
period) for a variety of personal reasons or, most often (70%), without providing reasons, and
8 were victims of protocol errors (e.g., remained under baseline conditions after attaining the
inclusion criterion) providing a population of 46 patients (83% were white and 56% were male)
for analysis (Figure 1). Approximately half the patients were studied at the University of
Rochester School of Medicine and Dentistry and half at the Stanford University Medical School
throughout the calendar year between 2001 and 2006. The protocol was approved by the
Institutional Review Board of both universities. Patients signed a consent form indicating that
this study was an attempt to determine if their psoriasis could be managed with smaller amounts
of corticosteroid and, at some point in the course of the study, we might reduce the amount of
medication they were receiving and that the chance of being in such a group was completely
random.

During an initial screening, two comparable psoriatic plaques were selected and clinically
evaluated with respect to erythema, induration and scaling on a 9-point modified Psoriasis
Severity Scale (PSS) (27). Only patients with a PSS score of >7 were enrolled. The majority
of lesions (approximately 70%) were on elbows or knees and the target and control lesions
were on contralateral sides. There were no group differences in the location of lesions. At this
same time, participants also completed several brief questionnaires: the Psoriasis Life Stress
Inventory (28.29), Hassle Scale (30), an Impact of Events Scale (31) and the Interpersonal
Support Evaluation List (32).

For the next 3-6 weeks, each patient applied his or her distinctively fragrant and colored
medication, 0.1% triamcinolone acetonide in aquaphor (Aristocort A), twice daily, to the
randomly selected “target” lesion. A commercial moisturizing cream was applied to the
“control” lesion. Medication was packaged in a connected strip of daily application syringes
sufficient for one week. Evaluations of the psoriatic lesions were made weekly throughout the
maintenance (conditioning) and experimental periods by a dermatologist blinded to the group
to which patients belonged. Patients who did not show evidence of improvement within six
weeks (a > 3-point decline in PSS score) or showed an equal PSS decline in the target and
control lesions were excused from further participation in the study.

Following the baseline period, patients were randomly assigned to one of three groups (Table
1):

Standard Therapy patients continued to receive a full dose of medication on the same
continuous (100%) reinforcement schedule received during the baseline (maintenance)
period. Corticosteroid was applied to the selected lesion twice daily for as many as eight
additional weeks. This is a continuation of their standard pharmacotherapeutic regimen.

Partial Reinforcement patients, the experimental group, were treated under a partial
schedule of reinforcement. That is, patients received the same 0.1% dose of Aristocort A
but only a portion of the syringes contained active drug; the remaining syringes contained
a placebo ointment (aquaphor with the same embellished fragrance and color as the
corticosteroid ointment, absent the corticosteroid)—a CS. Initially, patients in the Partial
Reinforcement (n = 6) and Dose Control (n = 4) groups were treated under a 50%
reinforcement schedule or dose of triamcinolone acetonide. It appeared, however, that the
incidence of relapse might be insufficient to discriminate among the groups, so the protocol
was amended and the reinforcement schedule was reduced to 25% for the remaining
experimental patients (n = 9) and adjusted accordingly in the Dose Control group (n = 9).
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The sequence of medication was random with the restriction that one of every two or four
randomly selected applications of salve contained active drug.

Dose Control patients served as a control for the cumulative amount of drug received.
They were treated twice daily under a continuous reinforcement schedule, but each syringe
contained only 25 or 50% of the dose of corticosteroid received during the baseline period.
Thus, patients in the Partial Reinforcement and Dose Control groups treated under
different schedules of pharmacologic reinforcement received the same cumulative amount
of active drug.

The primary outcome measures were based on PSS scores. “Relapse,” defined a priori as a
return to a PSS score within 2 PSS units of the individual patient’s initial score is an arbitrary
criterion but does signify an inability to maintain the therapeutic effects achieved during the
standard pharmacotherapeutic regimen imposed during the baseline period. Additionally, we
analyzed changes in PSS scores over time. Per-protocol analyses were limited to participants
who met the baseline criteria and provided at least four data points during the 8-wk treatment
period.

It was considered possible that a noncontinuous or intermittent schedule of pharmacologic
reinforcement (and the concomitant reduced amount of active drug) could exert effects
indistinguishable from a continuous (standard) regimen of pharmacotherapy (a higher
cumulative amount of drug). That outcome or comparison, however, is not critical for
evaluating the role of conditioning in the pharmacotherapy of psoriasis. Specifically, we tested
the prediction that patients treated under a partial schedule of corticosteroid medication would
show a greater amelioration of symptoms and a reduced incidence and rate of relapse than that
achieved by patients treated with that same (reduced) amount of drug administered under a
continuous schedule of reinforcement.

Statistical Methods

RESULTS

The incidence of relapse was analyzed with nonparametric tests and a repeated measures
ANOVA (Group X Week X Site) was applied to the PSS data. Based on the specificity of the
a priori hypothesis, the available n for these preliminary observations, and the significant
effects found in a preliminary, unpublished experiment, we used post-hoc one-tailed tests for
the planned comparisons of the incidence of relapse of the Standard Therapy vs. the Dose
Control group (a dose effect) and the Partial Reinforcement vs. the Dose Control group (the
predicted experimental effect).

There were no differences in initial Psoriasis Severity Scale (PSS) scores or between the target
and control lesions of the groups of patients who did and did not remain in the study, and neither
age nor sex were related to either PSS scores or relapse. Further, neither group comparisons
nor correlation analyses uncovered any associations between any of the psychometric
instruments used to gauge the level or manner of dealing with the life stressors accompanying
psoriasis at the time of enrollment and either subsequent relapse or PSS scores.

PSS scores (including the final baseline values) yielded a significant Group X Week X Site
interaction (F(16/320) = 2.47, p = .002). Differences among treatment groups varied at the two
study sites (Fig. 2). At Stanford, PSS scores remained at the approximate level of the final
baseline scores and there were no group differences (F(16,184) = 1.14, p = .33). In Rochester,
there was no difference between the final baseline PSS values of the Partial Reinforcement and
Dose Control groups. Under these circumstances, partial reinforcement effected a greater
reduction in lesion severity during the experimental period than continuous reinforcement with
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the same cumulative amount of drug (F(16,136) = 2.29, p =.005). The Partial Reinforcement
Group did not differ from the Standard Therapy group that received 2-4 times more drug.

With respect to relapse, there were no differences between the 25 and 50% reinforcement
schedules or between patients studied in New York and California. These groups were therefore
combined. The incidence of relapse is shown in Figure 3. An overall Chi square analysis
revealed differences in the frequency with which relapse occurred in the three differentially
treated groups (X2 = 5.81, p < .05, 1 tail). Among those treated under a standard regimen of
corticosteroid therapy, 4 of 18 patients (22.2%) relapsed within the 8-wk experimental period.
Among patients treated under a partial schedule of reinforcement, 4 of 15 (26.7%) relapsed.
In contrast, 8 of the 13 dose control patients (61.5%) that received the same reduced amount
of drug relapsed in the same period of time. Planned comparisons showed that the incidence
of relapse in the Partial Reinforcement group was lower than in Dose Control patients treated
with the same amount of corticosteroid (X2 = 3.45, p < .05) and did not differ from patients
receiving a full dose of drug all the time X2 = 0.09, p >.10).

The control lesion, which defines the effects of emollient alone, provides an approximation of
a within-subject control for the natural history of disease. Therefore, we compared the
difference between the PSS scores of the target and control lesions for each patient to determine
the effect of treatment over and above the effects of emollient. There were Group differences
(F(2/a3) = 3.94, p =.027), but there were no interaction effects. Overall, the difference between
target and control lesions among patients in the Dose Control group was significantly (44%)
less (i.e., the severity of the psoriatic lesions was greater) than among patients in the Partial
Reinforcement Group (PLSD Critical Difference = 1.23. p < .014). There was no difference
between the Partial Reinforcement and the Standard Therapy groups (p =.39). Again, however,
these differences paralleled differences seen at the final baseline week and cannot be used to
support the hypothesis.

DISCUSSION

Based on a learning model of placebo effects under chronic drug treatment conditions (3) the
hypothesis that psoriasis patients treated under a partial schedule of pharmacologic
reinforcement would show greater amelioration of symptoms and less relapse than patients
treated with the same cumulative amount of drug under a standard pharmacotherapeutic
regimen—a continuous schedule of pharmacologic reinforcement was—confirmed. These
observations are consistent with the results obtained in the animal research (3,5,7-10) from
which the present study was derived. At one of the study sites, however, there were no group
differences in PSS scores that could be attributed to the different treatments. This may have
been related to the (not to be expected) high baseline values in the randomly selected Dose
Control subjects. It might even reflect the amount of sunshine available in Stanford relative to
Rochester. This subset of data for this outcome measure, then, neither supports nor refutes the
hypothesis. The elevated PSS baseline in the Dose Control group cannot, however, explain the
difference in the incidence of relapse between the Partial Reinforcement and Dose Control
groups since the somewhat higher incidence of relapse occurred in Dose Control subjects in
Rochester where there was no difference in baseline PSS scores.

Among psoriasis patients who showed comparable levels of improvement under standard
treatment conditions, the subsequent imposition of a partial schedule of pharmacologic
reinforcement enabled these patients to be maintained with a cumulative amount of topical
corticosteroid that was, under standard treatment regimens, relatively ineffective in treating
the disease. The fact that there were no differences between patients treated under a schedule
of partial reinforcement and those treated under a standard treatment regimen who received
2-4 times more drug is another interesting feature of these results. We cannot conclude,
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however, that the partial and continuous reinforcement treatments were equivalent.
Nonetheless, these results suggest that a parametric examination of the interactions among drug
dose, frequency and schedule of reinforcement would yield interesting results with important
implications for the design of pharmacotherapeutic regimens.

While the feasibility of incorporating a behavioral strategy in the titration of prescribed
medications has been established here, we can only infer, based on the operations performed,
that conditioning processes were responsible for the observed effects. In this initial study, we
did not have an independent measure of conditioned physiological responses relevant to the
amelioration of symptoms of psoriasis. Also, other predictions that can be derived from the
model have yet to be tested, e.g., would pre-exposure to the CS or UCS attenuate learning and
would reinforcement schedule predict resistance to extinction (the partial reinforcement
effect)?

Similarly, alternative hypotheses need to be addressed. Multiple doses of .025 or .05%
Avristocort A may not be pharmacodynamically equivalent to 0.1% Aristocort A and, while
repeated low doses are relatively ineffective, a bolus of corticosteroid once every other day or
every four days (without intervening conditioned stimuli) may be sufficient to maintain reduced
symptoms of psoriasis. If true, however, the standard qday or bid dosing regimen for treating
psoriasis may be prescribing 2-4 times more corticosteroid than necessary. One might (should)
consider a comparison group maintained on a continuous schedule of reinforcement that
receives only a full dose of drug once every 2 or 4 days. Experimentally, the data from such a
group would be suspect, however, since, unlike all other study subjects, these patients could
not be blinded. Even so, such a group will need to be studied.

Another variable to consider is that the “side” effects of drug treatments could be reduced under
a partial schedule of reinforcement (less drug is being administered) resulting in greater
adherence to the treatment regimen than occurs under a continuous, full dose regimen. This
beneficial side effect may play some role in the therapeutic equation in humans. But, it could
not explain the comparable results obtained in lupus-prone mice treated under the same
conditions described here (5).

It has been shown that, even in the case of an autoimmune disorder, animals behave in their
biological interests. For example, unlike normal mice that develop an aversion to flavors
associated with the effects of cyclophosphamide, lupus-prone mice do not display an aversion
to a novel taste associated with the immunosuppressive drug (33). The possibility that a
conditioned compensatory response could emerge in a pharmacotherapeutic situation, a
biologically maladaptive outcome, seems unlikely, but could be examined in subhuman
animals using a pharmacologic agent that reliably elicits a compensatory response in normal
animals and has therapeutic effects in animals with a spontaneously occurring or
experimentally-induced pathologic condition.

There are, in addition, several methodological issues that will need to be addressed. Thus far,
the selection of reinforcement schedule has been essentially arbitrary and will need to be
established (and is likely to be different) for different medical conditions. The duration of the
baseline period the—period during which conditioning occurs—has yet to be examined. Given
a sufficient number of treatment trials (each medication instance constituting a single trial),
we would predict that all patients (not just a subgroup of placebo “responders™) would
eventually acquire the conditioned pharmacotherapeutic response.

Psoriasis was chosen for this first study because neither the disease nor treatment with topical
corticosteroid was considered a major health risk, there were measurable clinical outcomes

and, presumably, a sufficient number of qualified participants. This model, however, was not
ideal for examining possible biological mechanisms. Corticosteroids are assumed to influence
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the expression of psoriasis through its immunosuppressive and anti-inflammatory actions, but
which specific aspects of immune function are responsible for the alleviation of symptoms of
psoriasis and which of these are capable of being conditioned remains to be determined. It
seems unlikely that a single biological mechanism will be found to explain conditioned
pharmacotherapeutic effects. Hypothetically, an elaboration of the biological mechanisms
underlying conditioned pharmacotherspeutic responses will depend on the ability to condition
those effects of specific drugs that are directly or indirectly responsible for alleviating the
symptoms of specific disease processes.

While there are several research strategies that need to be pursued, these initial data limited by
a smaller than expected or planned number of patients may reasonably be construed as
providing a proof-of-principle in illustrating the feasibility and potential clinical impact of
designing drug treatment protocols that consider a behavioral dimension that is an inherent
component of many pharmacotherapeutic regimens. Operationally, it is not possible to
administer a therapeutic agent that is not accompanied by conditioned stimuli. One can choose
to ignore the learning component of pharmacotherapies. Alternatively, one can explore ways
to exploit conditioning in designing drug treatment regimens that consider both the behavioral
and the pharmacologic components of the response to medications. While these strategies
would not apply in the case of replacement therapies, the adoption of a conditioning perspective
suggests testable hypotheses and innovative strategies for the experimental analysis of drug
and placebo effects and for the design of pharmacotherapeutic regimens in a variety of other
disorders. The present results support the proposition, based on principles of learning, that the
imposition of partial schedules of reinforcement in a pharmacotherapeutic protocol might:
reduce the total amount of drug required for the treatment of some pathophysiological
conditions, thereby maximizing benefits and reducing risks; reduce (deleterious or noxious)
side effects (and thereby increase adherence to a treatment protocol); extend the effects of
pharmacotherapy (i.e., increase resistance to extinction); and last, but by no means least, reduce
substantially the cost of long-term drug treatments.
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(112)
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(139)
Baseline period
(139)
Failed baseline criteria Withdrew
(58) (17)

Met baseline criteria
(64)

Randomized to
therapy groups
(64)

Withdrew (10)
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Experimenter error (8)
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(Continuous
reinforcement)
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Group P25-50/100
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(15)
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(Continuous
reinforcement/
reduced dose)
(13)

Figure 1.
Flow of participants through each stage of the study. *(N).
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Weekly Psoriasis Severity Scale (PSS) scores (mean + S.E.) as a function of reinforcement

schedule and amount of drug at each of the study sites.m = Standard Therapy (Rochester n =
5; Stanford n = 13); A = Partial Reinforcement (Rochester n = 8; Stanford n = 7); e = Dose
Control (Rochester n = 7; Stanford n = 6).
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[] Rochester
I Stanford
STANDARD PARTIAL DOSE
THERAPY REINF. CONTROL
(N =18) (N =15) (N=13)

Incidence of “relapse” as a function of reinforcement schedule and amount of drug. Planned
comparisons showed incidence of relapse in the Partial Reinforcement group to be lower than
in Dose Control patients treated with the same amount of corticosteroid.

Psychosom Med. Author manuscript; available in PMC 2011 February 1.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Ader et al.

Experimental Protocol

TABLE 1

BASELINE PERIOD (3 to 6 weeks)

EXPERIMENTAL PERIOD (8 weeks)

GROUP Drug Dose™ Reinforcement Schedule™™ Drug Dose Reinforcement Schedule
Standard 100 100 100 100

Therapy (N =18)

Partial 100 100 100 25t0 50
Reinforcement

(N =15)

Dose Control (N 100 100 25to 50 100

= 3)

*
Percentage of 0.1% Aristocort A

Fk

Percentage of treatment occasions when active drug is received.
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