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Abstract

Background: Unhealthy alcohol use among university studentsis cause for concern, yet the level of help seeking behavior for
alcohol use is low within the student population. Electronic brief interventions delivered via the Internet present an alternative
to traditional treatments and could enable the delivery of interventions on a population basis. Further evidence is needed of the
effectiveness of Internet-delivered interventions and of their generalizability across educational institutions.

Objective: Our objective was to evaluate the effectiveness across 4 UK universities of a Web-based intervention for student
alcohol use.

Methods: In total, 1112 participants took part. Participants were stratified by educational institution, gender, age group, year
of study, and self-reported weekly consumption of alcohol and randomly assigned to either the control arm or to the immediate
or delayed intervention arms. Intervention participants gained access to the intervention between weeks 1 to 7 or weeks 8 to 15,
respectively. The intervention provided electronic personalized feedback and social norms information on drinking behavior
accessed by logging on to awebsite. Participants registered interest by completing abrief screening questionnaire and were then
asked to complete 4 further assessments across the 24 weeks of the study. Assessments included aretrospective weekly drinking
diary, the Alcohol Use Disorders Identification Test (AUDIT), and a readiness-to-change algorithm. The outcome variable was
the number of units of alcohol consumed in the last week. The effect of treatment arm and time on units consumed last week and
average units consumed per drinking occasion were investigated using repeated measures multivariate analysis of covariance
(MANCOVA). In addition, the data were modeled using alongitudinal regression with time points clustered within students.

Results: MANCOVA revealed amain effect of time on units of alcohol consumed over the last week. A longitudinal regression
model showed an effect of assessment acrosstime predicting that participants who completed at |east 2 assessments reduced their
drinking. The model predicted an additional effect of being assigned to an intervention arm, an effect that increased across time.
Regression analysis predicted that being male or being assigned to an intervention arm increased the odds of not completing all
assessments. The number of units of acohol consumed over the last week at registration, age, university educational institution,
and readiness to change were not predictive of completion.

Conclusions: Delivering an electronic personalized feedback intervention to studentsviathe Internet can be effectivein reducing
weekly alcohol consumption. The effect does not appear to differ by educational institution. Our model suggested that monitoring
aloneislikely to reduce weekly consumption over 24 weeks but that consumption could be further reduced by providing access
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to aWeb-based intervention. Further research is needed to understand the apparent therapeutic effect of monitoring and how this
can be utilized to enhance the effectiveness of brief Web-based interventions.

(J Med Internet Res 2010;12(5):€59) doi: 10.2196/jmir.1461
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Introduction

Unhealthy alcohol use among university students continues to
be of concern given the immediate and long-term physical,
psychological, and socia conseguences of this behavior [1-4].
The level of heavy episodic or binge drinking within this
population [5] increases the risk of students engaging in risky,
illegal, and violent behaviors[6-8]. In addition to theimmediate
personal and societal costs associated with alcohol misuse,
heavy consumption during university is predictive of alcohol
misuse and dependencein later life. Furthermore, hel p-seeking
for acohol problems is low [9], meaning that relatively few
students access the traditional support services available.

Alcohol interventions using the Internet are being developed
that build on the established brief interventions evidence base.
These interventions are viewed as having potential benefit to
those who have not sought traditional modes of support or
treatment [10]. In addition, e-delivery may aid early
self-identification of acohol problemsviathe wide-scale access
students have to the Internet. This combined with ability to
enable confidential access at atime convenient to the user make
this mode of delivery especially attractive.

Recent systematic reviews of electronic forms of alcohol
intervention have indentified 17 randomized controlled trials
involving young people [11,12]. A recent meta-analysis
concluded that single sessions of personalized feedback,
including those delivered el ectronically (without therapist input),
can be effectivein reducing problem drinking in the short-term
(with follow-up up to 9 months after the intervention) [13].
Reviews suggest that interventions providing personalized
feedback and social norms information can be effective [14].
Inconsistencies in outcome relate to weaknesses in the
methodological quality of some evaluations[11,13-15], although
over time there appears to have been amarked improvement in
the quality of studies. In particular, there has been an increase
in the number of studies using arandomized controlled (RCT)
design and well-validated measures of alcohol consumption.
Despite these advancements, published results from European
trial sinvestigating the effectiveness of Web-based interventions
are relatively rare (in comparison with the number of trials
published from North Americaand Australia). In addition, few
trials explore the generalizability of effectiveness of
interventions at multiple institutions. Indeed al the trials
identified in arecent Cochrane review [14] were carried out at
single educational institutions. Thus, there is a need to
investigate if an intervention developed at one educational
institution can be effective at modifying behavior of students
based at other educational institutions (without the need for
in-person contact during recruitment, assessment, or intervention
delivery).

http://www.jmir.org/2010/5/e59/

Our recent randomi zed controlled trial suggested that Web-based
interventions for students, incorporating brief personalized
feedback and social norms information, can be effective in
reducing per occasion alcohol consumption among UK students
[16]. The results showed that an electronic approach to
delivering personalized feedback and social normsinformation
could be effective in a European population. A second and larger
RCT hasreplicated these findings and showed the reduction to
be maintained at the 4-month follow-up. A limitation common
to both these studies was the recruitment of students from only
one educational ingtitution. The existing evidence base says
little about whether an intervention developed at one university
will generalizeto other educational institutions. Thus, the current
research aimed to evaluate the effectiveness of a Web-based
intervention developed at one educationa institution for
moderating the alcohol consumption of students from other
educational institutions by including participants from 4 other
UK universities. Thereisalso littleinformation on whether time
of academic year affects outcome. Within the current research,
it was hypothesized that the presentation of electronic
personalized feedback and social norms information would
reduce alcohol intake regardless of when during the academic
year the intervention was available.

Methods

Procedure

The mode of student recruitment varied across educational
institution; however, all used some form of e-recruitment (eg,
notification included within weekly student union bulletin,
posting of invitation within student portal, and direct email to
students). In addition, some educationa institutions posted
paper-based posters around campus and provided verbal
reminders to their students (eg, during induction seminars).

Interested studentswere invited to register during October 2007
(Time 0). The tria was conducted over a 27-week period
beginning in November 2007 (Time 1).

Students who registered were asked to compl ete aretrospective
drinking diary and the Alcohol Use Disorders Identification
Test (AUDIT); these assessments are described in more detail
below. At Time 0, students were also asked to provide details
of their demographicsincluding age, gender, ethnicity, graduate
status, and area of study.

Only students who were consumers of acohol and provided
details of their alcohol consumption at Time O were éligible to
enter the current study. All students who consumed alcohol at
least once every 6 months were included in the current study.
Thiswas deemed important because (1) if found to be effective,
the intervention would be made available to al students, and,
therefore, an evaluation of the effect on those consuming below
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hazardous or harmful levels is required as it is possible such
information could have an adverse impact, and (2) previous
research has shown that misperceptions of social norms are not
only the domain of those engaging in risky behavior, and,
therefore, to correct misperceptions across the population,
feedback was necessary for al students.

Eligible students were stratified by educational institution,
gender, age group (above or below 21 at entry to undergraduate
degree program), graduate student status, and self-reported
weekly consumption of alcohol (within or above sensible
drinking guidelines).

Resear ch Design

The study was an RCT with 3 arms: 1 control arm (assessment
only) and 2 intervention arms (immediate and delayed access).
Participants were stratified by educational institution, gender,
age group, year of study, and self-reported weekly consumption
of acohol and randomly assigned to either the control or to the
immediate or delayed intervention arms. Participants were not
blind to their allocation.

After allocation to study arm, participants were emailed further
information about the study along with an electronic link to the
initial Time 1 (week 1) assessment. All contact with participants
was via email. The Time 1 email contained an embedded link
to either the control assessment electronic survey (completed
by thosein the control arm and in the delayed intervention arm)
or to the intervention website (for those in the immediate
intervention arm). Both websites contained identical project
information and assessments (question presentation was the
same between the two websites). Before completing their
assessment parti ci pants were provided with astudy briefing and
provided informed consent online. Participants were advised
that their having completed the earlier registration assessment
did not mean they had to consent to taking part inthetrial. Once
participants in the intervention arm had completed their
assessment, they received brief personalized feedback and social
norms information via the website. Participants who did not
complete the Time 1 assessment during week 1 were sent weekly
reminders for up to 3 weeks (or until they had completed the
assessment).

Participants in the immediate and delayed intervention arms
had accessto the intervention during weeks 1 through 7 or weeks
8 through 15, respectively. Regardless of which arm they were
allocated to, participants were assessed at 5 time points.

Following the initial assessment at Time 1, additional
assessmentswere completed at week 8 (Time 2), week 16 (Time
3), and week 24 (Time 4) (see Figure 1). The follow-up
assessments (at Times 2 through 4) for intervention participants
were also collected viathe control assessment electronic survey.
Those in the delayed intervention arm completed their Time 2
assessment via the intervention website and received
personalized feedback once their assessment was compl eted.
Delayed intervention participants follow-up assessments (at
Time 3 and Time 4) were completed via the control assessment
electronic survey. On completion of each Time 1 through Time
4 assessment, participantswere entered into aprize draw towin
a£25Amazon voucher (ie, 4 draws per educational institution).

http://www.jmir.org/2010/5/e59/
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The study was approved by the Leeds East National Health
Service (NHS) Research Ethics Committee and, where required
by education institutional procedures, also by the relevant
university ethics committee.

Sample Size

From previous work we ascertained that the average natural
logarithm of the number of units of alcohol consumed over the
last week plus 1 for students is approximately 1.3 with a
standard deviation of 0.58 and, hence, a variance of 0.34. A
change in natural logarithm of the number of units consumed
over the last week plus 1 over the intervention period will
therefore have a variance of less than 0.68 (ie, 2 times 0.34).

We have taken it to be equal to 0.49 (ie, 0.7).

The difference in the change in the natural logarithm of the
number of units consumed over the last week plus 1 between
two treatment arms might be tested with a t test where the
relevant standard deviation is 1.3. A suitable difference in
changeinthe natural logarithm of the number of units consumed
over the last week plus 1 was taken as 0.5, so that we sought a
standardized difference of 0.5. For asignificance level of alpha
equal to .05 and a power of 1 minus beta equal to .8, asample
size of 107 participants per treatment arm was required. Given
the lower power of this test compared with the analysis we
proposed, this set an upper limit to the sample size as 107
participants per treatment arm or 321 participants completing
thetrial. To alow for attrition we aimed to recruit at least 500
participantsin total.

Assessments

Participants were asked to complete a range of assessments
detailing their a cohol consumption, level of acohol dependence,
readiness to change, psychological well-being and risk-taking
behavior. Only those assessments of relevance to the reported
analyses are described here.

Participants completed a 7-day retrospective drinking diary for
the previous week at each of the 5 assessments at Time O
through Time 4. To facilitate accuracy, participants were
provided with a list of a variety of types of drinks (eg,175
millilitersred wine, 1 pint of ordinary strength lager) and asked
to indicate how many of each they had consumed each day for
the last 7 days. The number of drinks was then converted to
standard UK units of alcohol (1 unit = 8 grams of pure ethanol)
using published UK government guidelines. This retrospective
drinking diary method has been previously used within astudent
population [16], and the approach has been recommended as a
measurefor groupsthat drink regularly [17]. The main outcome
measure was total units consumed over the last week. A
secondary outcome measure wasthe number of units consumed
per average drinking occasion.

Participants completed the AUDIT at Times O through 4.
AUDIT is a 10-item measure investigating the quantity and
frequency of acohol consumption, problemsrelated to use, and
dependence symptoms. Items are scored on a scale of 0 to 4,
and a cutoff score of 8 is recommended for the identification
of possible hazardous or harmful drinking [18,19]. The
cross-national validation study of the AUDIT found high levels
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of sensitivity (.92) and specificity (.94) [20], and the measure
has been widely used.

Readinessto change drinking behavior was measured (at Times
1 through 4) using a 3-question algorithm developed by Epler
et al [21]. The questionsinvestigate level of changein drinking
(“Hasthe amount you drink changed in the past three months?’),
propensity toward changing drinking behavior (“Are you
interested in drinking less?’), and whether the perceived
drinking level is too high (“Do you drink more than you
should?’) The algorithm categorizes drinkers into a
precontemplation group, a contemplation group, or an action

group.
Intervention

Participants in the immediate and delayed intervention arms
gained access to Unitcheck (www.unitcheck.co.uk). Unitcheck
provides personalized feedback on alcohol consumption and
socia norms information. This feedback was available every
time participants visited the website and completed the online
survey. The online feedback, delivered after students completed
the retrospective drinking diary alongside a number of other
questions outlined below, consisted of 3 main sections: (1)
feedback on level of acohol consumption, (2) social norms
information, and (3) generic information.

Feedback on Level of Alcohol Consumption

Participants were presented with statements indicating the
number of alcohol units they consumed per week and the
associated level of health risk. Statements were standardized
for each risk level and gave advice about whether personal
alcohol consumption should be reduced or maintained within
the current sensible levels [22]. The number of alcohol-free
days was indicated alongside information stating that it is
advisableto have at least 2 per week. In addition, students who
consumed at least twice the daily units recommended by the
UK government (ie, females who consumed 6 or more units
[48 grams pure ethanol] or maleswho consumed 8 or more units
[64 grams pure ethanol]) were advised on the number of binge
episodes during the week, and it was suggested that they may
want to reduce the amount they consumed per occasion.

Social Norms I nfor mation

Personalized statements were presented that summarized the
percentage of university students who report drinking less
alcohal than they consume. This was calculated relative to the
risk level generated in section 1 of the feedback. The frequency
of students within each risk level was established from data
collected aspart of an earlier university survey [23] and checked
against the levels of consumption reported within the current
sample. Information was al so provided about the negative effects
of alcohol intake reported by students who consume alcohol
within the samerisk category.

Generic Information

Generic information provided standard advice on calculating
units and the general health risks of high levels of consumption
and outlined sensible drinking guidelines publicized in the
United Kingdom. Tips for sensible drinking and the contact
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details of both local and national support services were aso
presented.

Data Analysis

The effect of treatment arm and time on units consumed the
previous week and average units consumed per drinking
occasion wereinvestigated using repeated measures multivariate
analysis of covariance (general linear model) (MANCOVA).
Withinthisanalysis, the dependent variable was units consumed,
the independent variable was treatment arm, and the covariate
was the natural logarithm of the number of units consumed the
previous week at registration. All analyses were carried out on
the basis of condition allocation with the last known value
brought forward. Due to the data being positively skewed, the
natural logarithm of 1 plus the number of units consumed was
used for al analyses. The number of units presented within the
text and tables is the number of origina scale units. These
analyses were undertaken using SPSS, version 15 (SPSS Inc,
Chicago, IL, USA).

Previous research has suggested differential attrition according
to treatment arm and some trials have observed relatively high
rates of attrition. Thesetria characteristicsrender the traditional
repeated measures MANCOVA problematic, specifically liable
to dropout bias. Therefore, an additional analysisof the primary
outcome data (ie, units consumed the previous week) was
planned that could accommodate these characteristics [24],
namely, modeling the data using alongitudinal regression with
time points clustered within students. That is, regression of the
natural logarithm of the number of units plus 1 regressed upon
occasion, male gender, age, and the other covariates considered.
Measurements were clustered within individuals, making this
a multilevel model. The model was fitted on a log scale, and
thiswasinverted to present on the original scale of units. It was
also possiblethat any observed effect of intervention could have
been artificially produced by differential dropout, for example,
heavier drinkers may have been less likely to complete
assessments. To investigate this, alogistic regression wasfitted
to predict which studentswould not complete the study. Included
intheregression analysiswere age, educational ingtitution, units
consumed the previousweek at Time 0, sex, condition arm, and
readiness to change. To clarify the position with respect to
previous alcohol consumption, a box plot was generated to
compare noncompleters with assessment completers. This
analysis was undertaken with Stata, version 11.0 (StataCorp,
College Station, TX, USA).

Results

A total of 2306 students registered interest in being involvedin
the project. Of these, 2005 eligible students were randomized
toastudy arm and invited to take part (see Figure 1 for exclusion
criteria). Of these, 54% (1112/2005) of students provided
informed consent to be involved in the trial, a valid username,
and completed the Time 1 assessment. Of the 1112 students
who completed the Time 1 assessment, 690 (62%) provided
Time 2 data at week 8, 463 (42%) at Time 3 at week 16, and
374 (34%) provided Time 4 data at week 24 (see Figure 1).
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Figure 1. Participants flow through the trial

Registered Interest
n=2306

Excluded (n=301)
—Consumers who did not provide |ast week

consumption information (n=53)

~Do not consume alcohol (n=221)
— Did not specify if consumers of aleohol (n=27)

Bewick et al

Randomized
5 n=2005
3 I I =
fin]
= Control Intervention Delayed Intervention
B (Time 0) (Time 0) (Time 0)
.E n=635 n=665 n=705
E I I I
E Assessment Assessment Assessment
w Time 1; week 1 Time 1; week 1 Time 1; week 1
n=354 n=334 n=424
Intervention available
week 1- week 7
Accessed by n=334
I
gg Assessment Assessment Assessment
o8 Time 2; week 8 Time 2; week 8 Time 2; week 8
oz n=271 (77%) n=190 (57%) n=229 (54%)
I
Intervention available
week 8- week 15
Accessed by n=229
I
gf Assessment Assessment Assessment
_D"é Time 3; week 16 Time 3; week 16 Time 3; week 16
Dz n=194 (55%) n=121 (36%) n=148 (35%)
I I I
gﬁ Assessment Assessment Assessment
B '§ Time 4; week 24 Time 4; week 24 Time 4; week 24
Dz n=172 (49%) n=97 (29%) n=105 (25%)
§
g Analyzed (n=354) Analyzed (n=334) Analyzed (n=424)
<

Of the 1112 students enrolled in the study, 816 (73%) were
female. Participants' age ranged from 18 to 67 years (mean
21.45 yrs, SD 5.19). The majority of participants (95%) were
undergraduate students, and 92% were predominately
white/white British, based on self-reported choice from among
several categories of ethnicity. Participants came from arange
of subject areas, the largest of which were: medicine and health
(319/1112 or 29%), sciences (175/1112 or 16%), arts (155/1112
or 14%), and social sciences (140/1112 or 13%). In al, 4
universities (3 English and 1 Scottish) took part in the study.
The 4 universities were heterogeneous in terms of student
populations (ie, the number of students potentially being invited
to participate varied by educational institution: university A,
approximately 15,000; university B, approximately 26,000;
university C, approximately 5500; and university D,
approximately 5000). The majority of participating students
came from university A (591/1112 or 53%), followed by

http://www.jmir.org/2010/5/e59/

university B (344/1112 or 31%), university C (106/1112 or
10%), and university D (71/1112 or 6%).

Of the 1112 students enrolled in the study, 57% (637) scored 8
or more on the AUDIT and, therefore, their drinking could be
considered potentially hazardous or harmful. At registration,
the mean number of units of alcohol consumed over the previous
week was 23.2 (SD 25.5). The mgority of participants
(829/1112 or 75%) reported consuming alcohol at least once a
week. A further 15% (169/1112) reported fortnightly
consumption with 10% (114/1112) consuming either once a
month (n=80) or once every 6 months (n=34). Regarding
readiness to change, at Time 1, a quarter of participants
(276/1112 or 25%) were in the precontempl ation phase, almost
one-third (319/1112 or 29%) were in the contemplation phase,
and approximately one-fifth (246/1112 or 22%) were in the
action phase. The remaining participants had either missing
data(196/1112 or 18%) or had at that time identified themselves
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participants by treatment arm are provided in Table 1.

Table 1. Demographics of participants at baseline by treatment arm allocation

Treatment arm

Assessment only Delayed access Immediate access Total
n=2354 n=424 n=334 n=1112
Female, n (%) 265 (75%) 304 (72%) 247 (74%) 816 (73%)
Age, mean (SD) 21.3(4.6) 21.6 (5.8) 21.4(5.1) 215(5.2)
Undergraduate, n (%) 336 (95%) 411 (97%) 313 (94%) 1060 (95%)
White/white British, n (%) 329 (93%) 388 (92%) 301 (90%) 1018 (92%)
Subject area
Medicine and health, n (%) 106 (30%) 115 (27%) 98 (29%) 319 (29%)
Arts, n (%) 44 (13%) 66 (16%) 45 (14%) 155 (14%)
Social sciences, n (%) 46 (13%) 50 (12%) 44 (13%) 140 (13%)
Educational institution
A, n (%) 177 (50%) 228 (54%) 186 (56%) 591 (53%)
B, n (%) 118 (33%) 125 (30%) 101 (30%) 344 (31%)
C, n (%) 36 (10%) 42 (10%) 28 (8%) 106 (10%)
D, n (%) 23 (7%) 29 (7%) 19 (6%) 74 (6%)

Alcohol consumed over thelast week and per average occasion
is shown in Table 2. Repeated measures MANCOVA reveded
amain effect of time on units consumed over the previousweek
(Fs3324 = 6.42, P < .01). Pairwise comparisons showed a
significant decrease between Time 1 and all other time points
(ie, Time 2 to Time 4) but no significant differences between
Time 2, Time 3, or Time 4. There was however no significant
time by treatment arm interaction (Fg 33,4 = 1.30, P = .24).

Repeated measures MANCOVA revedled no main effect of
time on average units consumed per drinking occasion over the
previous week (F3 33,4 = 0.53, P = .67). There was asignificant

time by treatment arm interaction (Fg 33,4 = 2.85 P < .001).
Further analysis revealed a significant time by consumption
effect for the control arm (F3,059 = 12.08, P < .01) with
significant reductions between Time 1 and Time 2 (P < .01)
and between Time 1 and Time 3 and between Time 1 and Time
4 (P < .01). There was also a significant time effect for the
delayed intervention arm (F3569 = 11.46, P < .01) with
significant reductions between Time 1 and Time 2, Time 1 and
Time 3, and Time 1 and Time 4 (P < .01). No significant time
effect was observed in the immediate intervention arm (F3 gog
=0.53, P = .66).

Table 2. Mean (SD) reported units consumed in the previous week by treatment arm and average per occasion over time

TimeO Timel Time2 Time3 Time4
n Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Units consumed over the previous week

Control 354 23.5(24.0) 17.5(27.4) 13.6 (19.8) 14.6 (19.6) 15.0 (20.7)

Delayed intervention 424 23.5(26.1) 14.7 (18.8) 13.4(18.6) 12.8(17.9) 11.9(17.4)

Intervention 334 22.6 (26.4) 15.2 (20.0) 14.5(20.2) 14.2 (21.1) 13.9(21.7)

TOTAL 1112 23.2(25.5) 15.8 (22.3) 13.8(19.5) 13.8(19.5) 13.5(19.8)
Aver age units consumed per drinking occasion over the last week

Control 354 14.3 (11.2) 11.0(8.8) 9.5(8.5) 9.7 (11.0) 9.3(11.1)

Delayed intervention 424 14.2(12.9) 10.2 (8.6) 9.3(9.0) 8.8(8.3) 8.9(9.0)

Intervention 334 13.7 (12.3) 8.9(8.3) 9.1(10.8) 9.3(11.1) 9.0(11.2)

TOTAL 1112 14.1(12.2) 10.1(8.6) 9.3(9.4) 9.2(10.1) 9.1(10.3)

Included in the longitudinal regression model were monitoring
status (ie, if participants completed any assessment Time 1
through Time 4), sex, and treatment arm (dichotomized to

http://www.jmir.org/2010/5/e59/

treatment/no treatment), and time since treatment (irrespective
of time of initial access to the intervention). Readiness to
change, if accessto the intervention wasimmediate or delayed,
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and level of consumption at Time O were all excluded from the
final model as they did not add significantly to the prediction.
The longitudinal regression model showed a significant effect
of assessment (without intervention) on change across time,
showing that participants who completed at least two
assessments reduced their drinking (Table 3). The model aso
predicted an additional effect of being assigned to 1 of the 2
intervention arms, an effect that increased acrosstime.

The model predicted that at week 24 without any assessment
completion (ie. completing only Time O assessment), females
drank 11.5 units per week while males drank 16.0 units. Ascan
be seen in Table 3, when students completed at least 2 of the 5
assessments, predicted consumption decreased to 6.1 units for
females and 8.4 units for males. When assigned to an

Bewick et al

intervention arm, there was an additional effect that increased
across time with the model predicting that at week 24 females
in the intervention arm had reduced their previous week unit
consumption to 3.7 and males in the intervention arm had
reduced their previousweek consumption to 5.2 units per week.
Despitethe variation inindividua drinking patterns acrosstime,
the data included enough observations to see an effect of the
intervention. Table 4 provides details of the regression
coefficients fitted in the longitudinal model. In addition, an
intercept term of 2.44 corresponded to the outcome, log (1 +
units consumed), for afemale participant at baseline. The model
yielded an overall R2 value of 0.06 and an interclass correlation
coefficient of 0.14, indicating that therewas significant variation
between participants and over time.

Table 3. Prediction of units consumed over the last week at each time point (longitudinal regression model)

Units Consumed in the Previous Week

Females Males
Without monitoring (ie, Time O assessment only) 115 16.0
With assessment completion but no intervention (ie, completed at least 2 of the 5 assessments) 6.1 84
Assigned to an intervention arm, consumption at week 8 post intervention delivery 55 7.6
Assigned to an intervention arm, consumption at week 16 post intervention delivery 51 7.1
Assigned to an intervention arm, consumption at week 24 post intervention delivery 37 52

Table 4. Table of coefficients for longitudinal regression model: log (1+units consumed over the last week) regressed on monitoring status, male sex,
and duration since treatment (irrespective of when intervention was first delivered) by restricted maximum likelihood

Covariate Coefficient 95% Confidence Inter- P Value
val

Monitored (ie, completed at least 2 of the 5 assessments) -0.64 (-0.74t0-0.54) <.001
Male 0.33 (0.22-0.43) <001
Number of weeks after intervention

8 weeks -0.12 (-0.29 to 0.04) 0.14

16 weeks -0.17 (-0.36 t0 0.03) 0.09

24 weeks -0.54 (-0.83 t0 -0.26) .001

Regarding the possible effects of differential assessment
completion, 26% (293/1112) of participants completed all 5
assessmentswith the remaining 74% (819/1112) of participants
being classified as nonassessment completers (ie, completing
between 2 and 4 assessments). Regression analysis showed that
age, education ingtitution, previous week unit consumption at
Time 0, and readiness to change were unrelated to compl etion.
The box plot summarizing units consumed over the previous
week at Time O supported the regression analysis (Figure 2).
Thedifferencein the average number of acohol units consumed
in the previous week between those that completed all
assessments and participants that did not is less than 0.4 units

http://www.jmir.org/2010/5/e59/

(with those who completed all assessments drinking slightly
less). Being male or being assigned to theintervention increased
the odds of not completing all assessments. Males had double
the odds of not completing (odds ratio [OR] 2.10, 95%
confidenceinterval [CI] 1.48-2.97) and thosein theintervention
had approximately triple the odds of not completing (immediate
intervention arm OR 252, 95% Cl 1.80-3.53; delayed
intervention arm OR 3.47, 95% CI 2.49-4.85). The completion
odds ratio was further supported by chi-square analysis that
showed asignificant association between the treatment arm and

completion of all assessments (c? = 67.4, P < .001; see Table
5).
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Figure 2. Average number of units of alcohol consumed over the previous week (expressed as the natural logarithm of the number of units plus 1) at

baseline (Time 0) by assessment completion status

No

25

15

log (1+T0 units/week)

n_

Yes

Graphs by Completed all assessments

Table5. Completion status by treatment arm

Treatment Arm
Completed All Assessments  Assessment Delayed Immediate Total

Only Access Access n (%)

n (%) n (%) n (%)
Yes 150 (42%) 73 (17%) 74 (22%) 297 (27%)
No 204 (58%0) 351(83%) 260 (78%) 815 (73%)
Totals 354 (100%) 424 (100%) 334 (100%) 1112 (100%)

Discussion Comparison With Prior Work

Principal Results

This study suggests that delivering an electronic brief
intervention to students can be effective in reducing acohol
consumption. The results showed a significant effect of time
and/or assessment completion. |n addition, theintervention had
an independent effect on reducing the number of units of acohol
consumed weekly. Neither educational institution nor time of
academic year had an impact on intervention effectiveness. To
the authors' knowledge, these results are the first evaluation of
an electronic Web-based feedback and social norms acohol
intervention to include students from multiple universitiesfrom
outside of North America

http://www.jmir.org/2010/5/e59/

The current results are in line with previous research on
€l ectronic Web-based interventionsthat have reported significant
decreases in total consumption per week [25-28]. In some of
these studies, this decrease remained significant at the 3-month
follow-up [25,26]. Unlike our earlier study [16], the current
study found a significant reduction in units consumed per week
where previously we found only an impact on units consumed
per occasion. Within the current study, the regression analysis
showed that males entered the study with a higher total number
of units consumed over the last week. This finding is in
agreement with other literature, which suggests that males
consume more al cohol than females[23]. Being maleincreased
the odds of not completing all assessments. Given that males
have a tendency to consume higher levels of alcohol compared
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with females, further work is needed to understand how best to
keep mal e participants engaged.

According to our analysis, assessment alone had a significant
effect on drinking. It is, therefore, possible that completing an
assessment led participants to monitor and reflect on their own
behavior leading to adecrease in consumption. Such adecrease
in consumption by assessed participants is apparent in the
literature [29,30]. Our results suggest that this monitoring effect
did not increase alongside the number of assessments, but that
the completion of 2 or more assessments predicted a similar
level of reduction.

Reactivity to assessment has been documented in the literature
within randomized controlled trials [31-33] and within studies
designed specifically to investigate reactivity [34,35]. It is
possible that the reactivity effect is dueto areporting bias (eg,
socia desirability may mean that participants, consciously or
subconsciously, report a change in behavior without any actual
behavior change). Given that thisisalimitation of al self-report
data, the utility of such an argument isunclear. One aternative
isto suggest that monitoring alone can lead to behavior change
and, therefore, given that monitoring islikely to be carried out
only in the context of potential treatment, monitoring can be
viewed as one of the active componentsin brief interventions.
It has previously been suggested that comparing intervention
armsto assessment only may lead to the underestimation of the
impact of brief interventions—especially given that individuals
who are not seeking treatment are unlikely to havetheir behavior
monitored outside of arandomized controlled tria [32]. Within
the current study, being assigned to an intervention arm further
increased the reduction in weekly consumption. This suggests
that while monitoring alone appears to be effective in reducing
consumption, this reduction can be further enhanced by the
delivery of abrief personalized Web-based intervention.

The high proportion of students identified as drinking at
potentially hazardous or harmful levels suggests that students
engaging in unhealthy drinking behavior are interested in
engaging with Web-based resources, and this is a strength of
the current study. The ability to include such students is
admirable given some studies have reported engaging a greater
proportion of low-level consumers (eg, [36]). Thisisreinforced
by the finding that assessment completion was not predicted by
level of alcohol consumption, especially as previous research
hasreported higher level s of attrition among heavier consumers
of alcohol [16,37]. In addition, it is noteworthy that 75%
(563/1112) of participants included in the trial who were
assigned to receive the intervention engaged with the Unitcheck
website on at least 1 occasion. It is aso encouraging that the
time of academic year made no difference to outcome.

Acknowledgments
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Limitations

This study is the first outside of North America to engage
students from multiple educational institutions and to include
medium-term follow-up. A number of limitations need to be
considered, however, when interpreting the results. First,
although 75% of intervention participants accessed the
intervention, the percentage that engaged with follow-up
assessments was considerably lower, with only 26% (293/1112)
completing al 5 assessments. Second, while participants from
4 educational institutions were involved, the relatively low
number from some educationa institutions highlights the
difficulties in multisite interventions. In particular, it draws
attention to the need to understand further how to engage
students from universities that have not traditionally delivered
health information to their students and who are perhaps not as
receptiveto receiving brief interventions viathis medium. Third,
while there was a 4-month follow-up period, these results say
little about the longer term impact of the intervention. The
long-term impact of electronic brief interventions is still
uncertain. Nor isit understood how, if at all, repeated accessto
such interventions is likely to support behavior change. Thisis
of particular importance to Web-based interventions that can
be arepeated source of feedback to students at atime that they
choose. Itisapotential strength of e-interventionsthat students
could be encouraged to repeatedly access feedback while
incurring minimal additional costs. Fifth, the longitudinal
regression analysis cannot determine if it is monitoring or
willingness to be monitored that accounts for the reduction in
consumption. The analysis attempted to account for this;
however, we cannot rule out that willingness to be monitored
(rather than engaging in the monitoring process itself) is an
alternative explanation.

Conclusions

This RCT confirms that Web-based interventions for alcohol
can be effective in student samples. That the effect does not
appear to vary across educational institutions is encouraging.
It ishypothesized that differencesin levelsof recruitment across
educational ingtitutions are likely to be related to use of the
Internet to deliver health information to students. Further work
is needed, however, to understand how contextual factors can
best be optimized in order to engage students. Within this study,
much of the observed effect was apparently due to
self-monitoring, but there was an additional effect of the
intervention. Research is needed to understand how the
individual elements of the personalized feedback interact with
this self-monitoring effect in order to enhance the effectiveness
of Web-based interventions.
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