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Abstract
Objective-To determine whether the be-
haviour of participants based on percep-
tion of treatment group in a randomised
trial contributed to clinical outcome.
Design-A double blind randomised con-
trolled trial of the effect of daily applica-
tion of SPF 17 broad spectrum sunscreen
cream (or placebo) on solar keratoses.
Setting-A rural city in Victoria, Aus-
tralia. Residents aged 40 years or over
were invited by letter to attend for a skin
cancer screening check. Of these, 588 peo-
ple with between one and 30 solar kera-
toses enrolled in the trial and 431
completed the trial, which extended over a
six month period that included summer.
Participants' perceptions of their treat-
ment allocation, adherence with the treat-
ment regimen, adoption of other sun
protection behaviours, side effects, and
perceptions of change in condition were
measured at two monthly intervals.
Results-There were no significant differ-
ences between those who completed the
study and those that did not for sex, age,
treatment group, skin type, number of
solar keratoses or correct perception of
treatment group. Thirty per cent of those
completing the study correctly guessed
their treatment allocation, and people
were just as likely to be right as to be
wrong when they stated their opinion
about their treatment allocation (z=1.04;
p=O.15). Study group, skin type, amount of
time spent outdoors, presence of side
effects, perceptions of change in skin con-
dition did not significantly predict correct
perception of treatment allocation. Multi-
variate analysis of variance indicated that
adoption of other sun protection and
adherence with cream use were not sig-
nificantly affected by actual treatment
allocation, correct perception of treat-
ment allocation nor by their interaction.
Poisson regression analysis showed a
significantly lower difference ratio of solar
keratoses in the sunscreen group com-
pared with the placebo base cream group
(OR 0.55; CI=0.46, 0.64), and for women
compared with men (OR=0.76; CI=0.63,
0.93) but no independent effect of any of
the indices of other sun protection or
adherence.

Conclusions-A sufficient level ofcommit-
ment to study procedures was achieved, so
that trial participants did not adopt other
behaviours that affected treatment out-
comes. It is recommended that the poten-
tial threat to validity posed by the
behaviour of participants be recognised at
an early stage in planning of clinical trials,
so that strategies to deal with this can be
integrated into study protocols.

(3 Epidemiol Conmmunity Health 1 997;51:7 16-72 1)

Leventhal et al' have postulated that the behav-
ioural dynamics of a clinical trial can play an
important part in determining clinical out-
comes, particularly in trials with long time lines
or those that entail a high degree of commit-
ment from participants. Leventhal suggests
that behaviours of participants that do not
accord with study protocols are a source of
variation that can affect response to randomisa-
tion and adherence to various components of
trial protocols. If these behavioural factors
interact differentially with treatment condi-
tions, they can affect outcomes by adding to,
subtracting from, or multiplying the effects in
the experimental or control conditions.
Wherever feasible, randomised trials should

be conducted double blind to avoid both bias
in measurement, through participants perceiv-
ing effects that are not present, and bias in par-
ticipation through differential adherence and
drop out between treatment groups.2 If partici-
pants discern their allocated experimental con-
dition, perhaps through noticing side effects or
improvements that are attributed to treatment,
both these biases may come into play. More-
over, if participants correctly perceive that they
are in the placebo arm of a trial, they may adopt
other compensatory behaviours to achieve the
outcome they would expect from the experi-
mental condition. Knowledge of treatment
group may also result in differential adherence
with treatment between experimental condi-
tions. This would be a problem when the effec-
tiveness of a treatment was dose dependent.
We have studied the effect of some of these

factors in a double blind randomised control-
led efficacy trial of regular use of sun protection
factor (SPF) 17 broad spectrum sunscreen use
on solar keratoses.3 (SPF 17 sunscreen results
in a 94% reduction of radiation in the UVB
wavelengths 290-320 nm). The trial was
undertaken in an Australian rural town over
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717Behavioural dynamics in a clinical trial
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Figure 1 Proposed modelfor how extraneous factors may have affected outcomes in the trial.

summer, and participants applied either a sun-

screen cream or the base cream minus the sun-

screen actives to their head, neck, forearms,
and hands. At the conclusion of the trial, fewer
new solar keratoses developed and more remis-
sions occurred in the sunscreen group than in
the base cream group. The study concluded
that regular use of sunscreens can prevent
development of solar keratoses and by implica-
tion, reduce the risk of skin cancer in the long
term. In this paper, we examine whether the
behaviour of participants in the trial may have
contributed to the observed outcome. Figure 1
shows a model outlining the factors that we

examined and the hypothesised effects. We
were particularly interested in the extent to
which participants were able to guess the treat-
ment condition to which they had been
allocated and the determinants of this, and the
effect of this perception on other behaviours
that may have affected the major outcome of
the trial (that is, reduction of solar keratoses).

Methods
The study methods have been described in
detail elsewhere.3 Briefly, in September 1991,
people aged 40 years and over in a rural district
of Victoria, Australia were invited by letter to
attend for free skin cancer screening by one of
seven medical practitioners. The study was

promoted on local television and in local news-
papers, and the local council, rotary group,

hospital and community health centre en-

dorsed and supported the study.
Persons with between one and 30 solar kera-

toses were invited to participate in the study
and after informed consent the participants
were randomly allocated (double blind) to
either a sunscreen or base cream group. The
blinding procedure was explained to partici-
pants by the clinical examiner who initially
described the study to potential participants, in
the written material that was given to partici-
pants, and by the investigator who gained
informed consent. Both creams were pre-

sented, quite truthfully, as alternative treat-
ments with the base cream being described as a

moisturiser (the base cream being equivalent to
aqueous cream BPC (British Pharmacopoeia),
a treatment often recommended to soften solar
keratoses). Participants were instructed to

apply around 1.5 ml of cream to their head and
neck, and to each forearm and hand each
morning, and reapply if necessary during the
day. The time of application of the cream was
to be recorded in a daily diary. Participants
were warned not to rely upon the cream for sun
protection and to use other sun protection as
they thought appropriate. They were told that
the investigators preferred that participants did
not use any other sunscreen on the areas where
treatment cream was being applied. Follow up
examinations occurred on three occasions over
the next seven months until March 1992, cov-
ering the period of maximum daily sunlight in
southern Australia. One week before each
scheduled follow up appointment, participants
were mailed a questionnaire and a seven day
sun protection journal to complete and to
bring to their appointment, along with daily
diaries and bottles of cream. Table 1 gives the
measurements obtained.
The major outcome variable was a ratio of

the total number of solar keratoses at the end of
the study to the number at the beginning,
expressed as proportion of baseline lesions.3

STATISTICAL ANALYSIS

Logistic regression was used to determine
whether actual treatment allocation, skin type,
time spent outdoors in the study period,
perceived change in skin condition, and the
presence of side effects were significant predic-
tors of correct perception of treatment alloca-
tion. A two way multivariate analysis of
variance (MANOVA) was used to determine
whether correct perception of treatment alloca-
tion, actual treatment allocation, and the inter-
action between the two, affected adherence
with cream use and the scores on the indices of
use of other sunscreens, use of other moisturis-
ers, and covering up when outdoors. The effect
of other sun protection behaviours (as meas-
ured by the indices) and adherence, independ-
ent of treatment and sex effects, on the
difference ratio for solar keratoses was exam-
ined by multiplicative Poisson models, where
the outcome was the ratio of the total number
of solar keratoses at the end of the study to the
number at the beginning, expressed as propor-
tion of baseline lesions.
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Table I Measurement of variables

Variable Method and timzing of data collection Measurenzent

Demographic characteristics Questionnaire completed at initial Sex, age, skin type (always burn, burn first then tan, always tan)and skin type examination
Perceptions of treatment From the questionnaires completed Question: "Which cream do you think you have been given?".allocation before each of the 3 follow up clinical Possible responses: Definitely the sunscreen; probably the sunscreen; don't know; probably theexaminations moisturiser; definitely the moisturiser.

Derived variable: Perceptions rated as either "definite" or "probable" that coincided with
actual treatment allocation on at least the last two questionnaire administrations were
classified as "correct".

Perceived change in skin From the questionnaires completed Question: "Since we saw you at City Hall, do you think there has been any change in the skincondition before each of the 3 follow up clinical of your hands? (arms/face)"
examinations Possible responses: Yes/No for each body part.

Derived variable: A score of 1 was given for each affirmative answer, and these were added
over time periods.

Side effects Asked by the medical practitioner at Questioni: "Have skin reactions prevented you from applying the cream on any occasion?"each of the 3 follow up clinical Possible responses: Yes/No
examinations Derived variable: The person was considered to have side effects if this had happened at least

once.
Adherence to treatment Diary completed each day of the trial Each morning the person recorded whether the cream was applied.regimen: period Derived variable: the percentage of days the cream was applied over the study period.Time spent outdoors Journal completed prior to each of the Journal: Participants recorded whether they were outside in either or both of the two hour

3 clinical follow up examinations period(s) between 11 am and 3 pm over a seven day period
Derived variable: Percentage of occasions the participant was outdoorsCovering up when outdoors Journal completed prior to each of the Journal: As part of the seven day journal (see above) participants also indicated whether3 clinical follow up examinations. (see they were wearing a hat, wearing a long-sleeved shirt, wearing another sunscreen or were inabove) the shade when outside.
Derived variable: The percentage of occasions that the participant was outdoors wearing a
hat and long sleeved shirt, wearing another sunscreen and/or in the shade.Use of other sunscreens From the questionnaires completed Question: "Since we gave you our cream about how many times have you used anotherbefore each of the 3 follow up clinical sunscreen on your arms? (hands/face)"

examinations Possible responses (for each body part): Not at all, about once a month, a few times a month,
about once a week, a few times a week and every day. These response options were scored
from 0-5.
Derived variable: Ratings were summed over the three body areas and an average score for
the three data points was calculated.

Use of other moisturising From the questionnaires completed Respondents also indicated how often they had used another moisturiser on their hands,creams before each of the 3 follow up clinical arms or face. Scoring procedures were similar to those used for other sunscreen use.
examinations

Results
PARTICIPANTS AND WITHDRAWALS
Overall 2000 people (about 60% of the popula-
tion over 40 in the town) attended for the skin
examination. Five hundred and eighty eight
participants with between one and 30 keratoses
were enrolled at the beginning of the study, and
221 people in the base cream group and 210 in
the sunscreen group completed the study. The
remaining 157 people either withdrew or failed
to attend the final appointment of the study. As
table 2 shows, there was no significant differ-
ence in number of withdrawals between study
groups, and no significant difference in baseline
demographic or clinical features (including side
effects of treatment) between those who com-
pleted and those that withdrew. Among the 488
people who completed the first clinical exami-
nation, and who answered the question on per-
ceived treatment allocation, the proportion of
people correctly guessing their treatment group

Table 2 Characteristics of people who withdrew and those who completed the study

Withdrew Completed
(n= 157) (n=431) p

Sex:
Male 44'S) 42% 0.63

Age (mean SD) 63.2(13.0) 62.6(10.5) 0.63
Study group:
Base cream 47% 51% 0.31

Side effects:
Present 5% 5% 0.67

Skin type:
Always burn 24% 21%
Burn first, then tan 530/o 56%
Just tan 23% 23% 0.72

Solar keratoses:
Number at initial examination (mean SD) 8.0(6.2) 8.2(6.9) 0.79

was similar for those who completed the study
(32.5%) and for those who later withdrew
(34.1%: X2 =0.07; df=1; p=0.79).

PERCEPTION OF TREATMENT ALLOCATION OVER
THE LAST TWO MONTHS OF THE TRIAL
Of the 376 respondents who completed the
study and who answered the question before
the second and third examinations, perceived
treatment (rated as definite or probable) corre-

sponded with actual treatment in 111 (29.5%)
of respondents on both occasions; 96 (26%)
were incorrect on both occasions, and 169
(45%) either indicated a "don't know" re-

sponse on both occasions, or were incorrect on
one occasion. Conditional on the 207 partici-
pants who were either correct or incorrect on
both occasions, people were just as likely to be
right as to be wrong when they stated their
opinion about their treatment allocation
(z=1.04; p=0. 15).

DETERMINANTS OF CORRECT PERCEPTION OF
TREATMENT ALLOCATION
The proportion of correct responses did not
differ between the two treatment groups, with
32.6% of the sunscreen groups and 26.5% of
the base cream group giving correct responses
(%2 = 1.72; df=l; p=0.19). As table 3 shows,
skin type, the amount of time spent outdoors,
the presence of side effects, perceptions of
change in skin condition (and its interaction
with treatment group) also did not significantly
predict correct perception of treatment alloca-
tion. (Small numbers in some cells meant that
the interaction between side effects and
treatment group could not be examined in the
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Behavioural dynamics in a clinical trial

Table 3 Logistic regression predicting correct identification
of treatment allocation *

Variable No OR (95% CI)

Treatment group:
Base creamt 185 1.00
Sunscreen 189 0.95 (0.43,2.10)

Skin type:
Always burnt 81 1.00
Burn first, then tan 213 0.91 (0.52, 1.61)
Always tan 80 0.91 (0.45, 1.83)

Outside:
<50% of the timet 292 1.00
>50% of the time 82 0.96 (0.55, 1.67)

Perception of change in skin 1.11 (0.99, 1.23)
conditiont

Perception x treatment 0.94 (0.81, 1.08)
Side effects:
Not 355 1.00
Yes 19 0.61 (0.20, 1.90)

*Based on the 376 respondents who completed the study and
who answered the question about perceived treatment allocation
before the second and third examinations. Two cases had miss-
ing data on at least one other variable; 111 cases (30% were
classified as probably correct).
tReference group.
tOR associated with increase of one point on the scale measur-
ing perception of change.

logistic regression, but univariate analysis,
stratifying by treatment group, showed there
was no significant association between side
effects and correct identification in either
treatment group).

EFFECTS OF CORRECT PERCEPTION OF
TREATMENT ALLOCATION
Table 4 shows the mean scores (and 95% con-
fidence intervals) for the adherence measure
and for each index of sun protection for those
who guessed their treatment allocation and
those that did not, separately for each treat-
ment group. It is clear that adherence was high
and use of other moisturisers and sunscreens
was low for both treatment groups, regardless
of whether or not participants guessed their
correct treatment allocation. Participants in all
conditions reported that they used additional
sun protection on about one third of the occa-
sions that they were outside between 11 am
and 3 pm. The MANOVA indicated, using
Wilks' criterion, that the combined indices
measuring adherence to cream use and use of
other sun protection during the study period
were not significantly affected by actual
treatment allocation (F4, 31=1.47; p=0.21),
correct perception of treatment allocation (F4,
311=0.90; p=0.46) nor by their interaction (F4,
311= 1.63; p=0.17).

EFFECT OF INDICES OF SUN PROTECTION AND
ADHERENCE ON REMISSIONS OF SOLAR KERATOSES
Adherence was divided into tertiles, represent-
ing categories of 100%; 95-99%; and less than
95% use of creams. As table 5 shows, Poisson
regression analysis showed a significantly lower
difference ratio for solar keratoses in the
sunscreen group compared with the base
cream group (RR=0.55; CI=0.46, 0.64), and
for women compared with men (RR=0.76;
CI= 0.63, 0.93) but no independent effect of
any of the indices of other sun protection or
adherence.

Discussion
This trial required a considerable commitment
from participants, in that they were asked to
apply a cream every morning over a long period
oftime (seven months). Given the nature of the
treatments, one being a high SPF sunscreen,
highly effective for preventing sunburn, it
seemed feasible that participants could guess
which treatment they were receiving. Leventhal
has suggested that under these types of condi-
tions, particularly potential loss of blinding,
participants will adopt other behaviours at
variance with study protocols, and that these
behaviours may effect clinical outcomes.'
Only around 30% of participants correctly

guessed their treatment allocation, with the
remainder either guessing incorrectly or being
unable or not prepared to offer an option. It
seems that blinding was effective in this study.
This result is very surprising when the
intervention is considered-using or not using
a high SPF sunscreen over an Australian sum-
mer. Correct perception was not related to skin
type, differences in side effects between the two
treatments, or to a differential perception of
skin changes that might be attributed to treat-
ment. Surprisingly, the correct perception was
also not related to the amount of time partici-
pants spent outdoors. It is possible that partici-
pants were using other cues that were not
measured to reach a correct decision about
which cream they were receiving. However,
that 70% of the sample did not guess their cor-
rect treatment group, suggests that this identi-
fication either may not have been a priority for
participants or that the task may not have been
as easy as it may have seemed.
We thought that ifparticipants were aware of

their treatment allocation this would affect
their behaviour. For example, if a person
believed that they were applying sunscreen they
would feel protected against developing solar

Table 4 Mean scores (95% CI) of indices of adherence and other sun protection behaviours *

Base Cream Sunscreen

Possible Correct perception Incorrect perception Correct perception Incorrect perception
Index range (n=61) (n=126) (n=50) (n=139)

Adherence 0-100% 94.9 (93.1, 96.8) 94.4 (92.4, 96.5) 94.6 (90.5, 98.7) 95.6 (93.8, 97.4)
Covering up when

outdoors 0-100% 32.0 (23.5, 40.6) 33.3 (27.5, 39.1) 33.2 (25.0, 41.1) 29.6 (24.4, 34.8)
Use of other sunscreens 0-15 1.7 (0.9, 2.5) 2.4 (1.8, 3.1) 1.7 (0.8, 2.7) 1.3 (0.8, 1.8)
Useofothermoisturisers 0-15 3.1 (2.1,4.2) 3.4 (2.1,4.7) 3.1 (2.4,3.9) 2.3 (1.6,2.9)

*Based on the 376 respondents who completed the study and who answered the question about perceived treatment allocation
before the second and third examinations.
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Table 5 Poisson regression predicting outcome (ratio of
total number of solar keratoses at the beginning and the end
of the study)

Variable No* RR (95% CI)

Treatment group:
Base creamt 213 1.00
Sunscreen 204 0.55 (0.46, 0.65)

Sex:
Malet 171 1.00
Female 246 0.76 (0.63, 0.93)

Use of other moisturiserst 0.86 (0.29, 2.54)
Use of other sunscreenst 1.82 (0.63, 5.25)
Covering up when outdoorst 1.00 (0.99, 1.00)
Adherence:

<95'fot 120 1.00
95-99% 130 0.94 (0.77, 1.15)
100%yo 167 0.83 (0.67, 1.02)

*Fourteen cases had missing data on at least one variable.
tReference group.
t:RR associated with increase of one point on scales used.

keratoses and perhaps have a stronger commit-
ment to the study's goals, manifest as being less
likely to drop out and more likely to adhere
with treatment than other participants. On the
other hand, if a person believed that they were
in the base cream group they might compen-
sate for this by using other forms of sun
protection, particularly other sunscreens dur-
ing the study period. There were no significant
differences in withdrawals, adherence or other
sun protection between different treatment
groups nor between those who correctly
guessed their treatment allocation and those
that did not. The lack of a significant
interaction shows that people who correctly
guessed that they were in the base cream group
were no more likely to use additional sun pro-
tection than other participants and that people
who believed they were applying sunscreen
were no more likely to comply with treatment
than others. Overall, adherence with treatment
was high and the use of other sun protection
behaviours was low for people in all groups. It
seems that people in this trial, having made a
commitment to the study protocol adhered to
it throughout the trial and it made no
difference whether they had decided which
treatment they were receiving.
During the planning stages of this trial, it was

recognised that other behaviours of partici-
pants might be a threat to the internal validity
of the trial. Therefore a number of strategies
were used to improve recruitment into the trial
and to increase the likelihood that participants
would adhere to study protocols. These strate-
gies incorporated the behavioural principles of
engendering community cooperation, using
appropriate credible models, providing rewards
for participation, using a number of different
sources to give clear instructions and rationale,
and incorporating regular reinforcing messages
throughout the study.4 5

Promotion of the study and the organisation
of the clinical examinations were conducted in
close collaboration with local personnel and
organisations, to enhance a spirit of cooperation
between the study team and the community.
The senior investigator of this trial (RM) was
well known in the community through previous
skin cancer incidence studies that had been
conducted in this district, and which had
resulted in favourable publicity for the region.6 7

The senior investigator therefore maintained a

high profile while promoting the study in the
community and conducting the trial.
The study also ensured that the community

was given something for their cooperation in

the study. The initial examination offered a free
skin check and pertinent advice for all
members of the community over the age of 40.
Given the high risk of skin cancer among Aus-
tralians in this age group,8 this was thought to
be an appropriate and effective strategy for
both recruiting people into the study and for
giving something to the community. About
60% of the population over 40 in the town took
up the offer of the clinical examination, attest-
ing to the suitability of the strategy. It was rec-

ognised that the way the alternative treatments
were described to potential participants could
affect adherence to study protocols so both
creams were presented as alternative treat-
ments. The rationale for blinding was also
explained to participants both verbally and in
written material. Participants were also given
clear statements of what was expected in terms
of recommending the use of other sun protec-
tion during the study period. These messages
were reinforced at the each subsequent clinical
examination. So although participants were

expected to maintain an unusual behaviour
over quite a long period, there was regular
reinforcement for doing so.

It seems that the incorporated strategies
were successful, and that a sufficient level of
commitment to study procedures was
achieved among trial participants, so that the
potential threat to the internal validity was not
realised. The results of the trial, in terms of the
effects of treatment on clinical outcome,
therefore can be taken to be internally valid.
However there is a need for caution in gener-
alising from these findings to other trial
settings in which the study population may not
be as committed or well informed about
adherence to the protocol.
We recommend that the potential threat to

validity posed by the behaviour of participants
in clinical trials be recognised at an early stage
in the development of trials, and that strategies

KEY POINTS
* The behaviour of participants that do not

accord with study protocols may threaten
the validity of outcomes in clinical trials.

* Strategies that incorporated behavioural
principles such as credible models, en-
gendering community cooperation, and
regular, clear reinforcing messages were
used to increase the likelihood that
people would adhere to study protocols.

* A sufficient level ofcommitment to study
procedures was achieved so that partici-
pants in this trial of sunscreen cream did
not adopt other behaviours that affected
outcomes.

* Behavioural strategies that encourage
cooperation should be incorporated and
deviations from protocols investigated in
all clinical trials.
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to deal with these be an integral part of study
protocols.
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