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Abstract: Although brief alcohol intervention can reduce alcohol use for both men and women,
health care providers (HCPs) are less likely to discuss alcohol use or deliver brief intervention to
women compared to men. This secondary analysis examined whether previously reported
outcomes from a cluster randomized trial of a clinical decision support system (CDSS)—prompting
delivery of a brief alcohol intervention (an educational alcohol resource) for patients drinking
above cancer guidelines—were moderated by patients’ sex. Patients (n = 5702) enrolled in a
smoking cessation program at primary care sites across Ontario, Canada, were randomized to
either the intervention (CDSS) or control arm (no CDSS). Logistic generalized estimating equations
models were fit for the primary and secondary outcome (HCP offer of resource and patient
acceptance of resource, respectively). Previously reported results showed no difference between
treatment arms in HCP offers of an educational alcohol resource to eligible patients, but there was
increased acceptance of the alcohol resource among patients in the intervention arm. The results of
this study showed that these CDSS intervention effects were not moderated by sex, and this can
help inform the development of a scalable strategy to overcome gender disparities in alcohol
intervention seen in other studies.
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1. Introduction

Alcohol use is a leading cause of death and disability worldwide [1]. In Canada, 3.3 million
persons drink alcohol at levels that put them at risk of immediate harm, such as injury, and 4.7
million drink at levels that put them at risk of developing chronic conditions such as cancer and liver
disease [2,3]. Co-use of other substances with alcohol can further increase the risk of harm [4-7]. For
example, co-use of tobacco with alcohol leads to a multiplicative increase in the risk of aero-digestive
and other cancers [8-11].

There is substantial evidence that brief intervention in primary health care settings can reduce
hazardous or harmful alcohol consumption in patients compared to minimal or no intervention [12].
However, fewer than one in four Canadians report discussing alcohol use with a health care
provider (HCP) in the previous two years [13]. Despite recommendations to screen all adults in
primary care for risky alcohol use [14,15], there is evidence that discussions about alcohol use and
delivery of brief alcohol interventions vary by patient sociodemographic characteristics [16,17].
While brief intervention is effective for both men and women [12], HCPs are less likely to discuss
alcohol use [17-20] or provide a brief alcohol intervention to women compared to men [16,21-24].
This might be due to the research showing that HCP decisions to provide a brief intervention are
associated with the social acceptability of alcohol [25,26], and findings pointing out that drinking is
seen as an appropriate masculine behavior [27] but which defies feminine stereotypes [28].

Although men generally consume more alcohol than women [2,29], women have higher levels
of blood alcohol after drinking an equivalent amount of alcohol and are more vulnerable to many of
the negative consequences of alcohol use [29,30]. In addition, there is evidence that harm due to the
use of alcohol is increasing among women in Canada. The rate of alcohol-related deaths has
increased among women in Canada by 26% since 2001, compared to an approximately 5% increase
among men [31]. In Ontario, emergency room visits due to alcohol use increased 87% for women
between 2003 and 2016, compared to an increase of 53% for men during the same period [32]. Thus,
the need for intervention with women that consume risky levels of alcohol is critical.

Computer-based clinical decision support systems (CDSSs) are one promising method of
promoting HCP adherence to recommended best practices [33,34]. A CDSS uses information
technology to provide clinicians with patient-specific assessments or recommendations in a timely
manner to assist with clinical decision-making, for example by providing real-time alerts and
reminders [35]. There is evidence from research conducted internationally that CDSSs improve
various provider behaviours including prescribing practices (e.g., adjustment of drug dose or
duration) [36,37], performance of preventive services (e.g., vaccinations) [37-39], and ordering tests
[37,40]. However, evidence for the positive impact of CDSSs on practice have been inconsistent [41]
and sometimes small to modest in magnitude [37]. Studies with predominantly male, veteran
samples in the United States have found that the results of an electronic clinical reminder on HCP
delivery of a brief alcohol intervention are mixed, with either positive [42] or no effect [43].

We previously reported findings from the COMBAT study [44], a pragmatic cluster
randomized trial conducted in 2016 to 2017 in Ontario, Canada, to test the effectiveness of a CDSS
that prompted HCPs in primary care to deliver a brief alcohol intervention—providing an
educational alcohol resource—with patients flagged for drinking alcohol above cancer guidelines
[45]. The CDSS was integrated into a web-based assessment HCPs completed with patients enrolling
in the Smoking Treatment for Ontario Patients (STOP) program, a smoking cessation program
implemented in primary care clinics across Ontario that provides behavioural support and up to 26
weeks of nicotine replacement therapy to eligible patients at no cost. In the original sample, a total of
15,150 patients (99.6% of patients) were screened; 5,715 patients were identified as drinking above
the Canadian Cancer Society (CCS) guidelines; 2,578 were offered an appropriate alcohol resource;
and 483 accepted the resource. The CDSS prompt had no statistically significant effect on HCP
offering of an educational alcohol resource but significantly increased patient acceptance of the
resource, when offered, from 16% to 21% [44].

Health information technology has been raised as a potential means to promote health equity
by encouraging more equitable treatment [46-48], and there is some evidence demonstrating its
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capability to reduce disparities in care [49,50]. As such, a CDSS prompt might be one tool with the
potential to reduce disparities based on sex or gender in the assessment and management of alcohol
use by HCPs. Previous efforts to implement a CDSS have had an inconsistent impact on sex and
gender disparities. Integration of a CDSS into the electronic health record of an internal medicine
practice did not result in equitable practice, as female patients were less likely to be screened for
alcohol use compared to men, although they were not less likely to receive a brief intervention if
they screened positive [51]. Another study found that implementation of a performance measure
and clinical decision support tool enhanced sex disparities, such that implementation of the
performance measure led to a greater increase in rates of brief intervention for men [24]. However,
both of these studies had limitations due to the use of single cut-off score to identify risky alcohol
use, rather than applying a lower cut-off score for women as recommended [52]. As such, it remains
unclear whether the impact of CDSS implementation on HCP delivery of brief intervention for risky
alcohol use is similar for men and women and whether a CDSS reduces disparities in brief
intervention between men and women. Thus, the purpose of this secondary analysis was to
examine whether the effect of a CDSS on HCP offering of an alcohol resource to patients or patient
acceptance of the alcohol resource differed based on patient sex.

2. Materials and Methods

2.1. Study Design and Sample

This was a sex-based, secondary analysis of the COMBAT study [44]. The patients in the trial
were cigarette smokers who had enrolled in clinics across Ontario to obtain help with quitting
smoking, who were also drinking above CCS guidelines [53]. Further trial eligibility criteria
included enrolling in English and enrolling in person with their HCP completing the enrollment
using the online portal designed for the program. As this secondary analysis was interested in the
effects of patient sex on the main outcomes, the sample was further restricted to those who specified
their sex as either male or female at enrollment, resulting in an analytic sample size of 5,702.
Treatment arm randomization in the COMBAT study was performed at the site level to account for
similarities among patient outcomes at the same clinic, as patients would have all been seen by the
same HCP. Randomization was stratified by clinic type (family health team, community health
center, nurse practitioner-led clinic) and predicted enrollment size at each clinic (i.e., small, large).
Clinics were allocated on a 1:1 treatment versus control ratio to create balance between the two study
arms. Further details about the cluster randomization can be found in previously published papers
[44,53]. The COMBAT study was retrospectively registered at ClinicalTrials.gov, number
NCT03108144, on 11 April, 2017.

2.2. Study Variables

2.2.1. Treatment arms

Eligible patients enrolling at clinics in the treatment arm were screened for risky drinking based
on CCS guidelines. If patients were found to be drinking at a level that exceeded the CCS safe
drinking cut off (defined as having consumed in the previous week at least seven alcoholic
beverages for women and at least 14 alcoholic beverages for men and/or any patient consuming 5 or
more alcoholic beverages on a single occasion), the HCP conducting the enrollment received a
computer generated prompt to provide a brief alcohol intervention and hand out an appropriate
resource to address risky drinking behavior during that enrollment visit. The recommended brief
intervention and resources differed depending on the severity of the patient’s risky drinking. More
information about scoring of the CCS safe drinking cut off as well as descriptions of the brief
interventions and resources offered by the HCPs in the study can be found in COMBAT’s protocol
manuscript [53] and in the manuscript describing the design of the alcohol resources [54]. The HCPs
of patients who did not exceed the CCS safe drinking cut off did not receive any prompting by the
CDss.



Int. ]. Environ. Res. Public Health 2020, 17, 1024 4 of 14

Patients enrolling at clinics allocated to the control arm were asked the same alcohol
consumption screening questions but were not flagged for HCPs if they drank above the CCS safe
guidelines. The HCPs were still able to provide a brief intervention and offer a resource to address
risky drinking behavior, but the CDSS did not prompt them to do so and did not provide any
guidance regarding which type of resource the HCP should offer.

2.2.2. Patients’ Sex

Patient sex was collected at baseline. As per STOP’s registration questionnaire, patients were
asked to self-identify as male, female, or other. Only 15 patients (0.3%) in the COMBAT sample
selected “other”. As this group lacked sufficient variability in outcomes and site level clustering
variables for regression model convergence or detection of any differential effect, the analyses were
limited to patients who self-identified as either male or female at enrollment.

2.2.3. Outcomes

This analysis had two outcomes of interest, both recorded by the HCPs in the online enrollment
portal: (1) the offer of an appropriate alcohol resource by the HCP and (2) the acceptance of the
offered alcohol resource by the patient. The primary outcome, offer of an appropriate alcohol
resource, was coded dichotomously, yes or no, for each eligible patient enrollment. An outcome of
yes was defined as the HCP offering an alcohol reduction resource for patients who drank above the
CCS guidelines but scored below 20 points on the AUDIT-10 [55], or an offer of an alcohol abstinence
resource to patients who drank above CCS guidelines and also had an AUDIT-10 score of 20 points
or more. An outcome of no appropriate offer made was defined as the HCP stating they will not
offer an alcohol resource, or an offer of an inappropriate resource (i.e., an offer of a reduction
resource to patients requiring an abstinence resource or vice versa).

The secondary outcome, acceptance of the alcohol resource by the patient, was also coded
dichotomously, yes or no, for each eligible patient enrollment. An outcome of yes was defined as the
HCP offering any alcohol education resource, and the patient not declining it. An outcome of no was
defined as the patient declining the offered resource. Due to the functionality of the CDSS, an
incorrect resource could only be offered to patients in the control arm, and the type of resource was
recorded only after it was accepted. This outcome reflects the acceptance of any resource, regardless
of appropriateness.

2.3. Statistical Analyses

Descriptive statistics were used to describe males and females within each of the treatment
arms on baseline characteristics including age, educational attainment, household income,
employment status, smoking status, Heaviness of Smoking Index score [56], alcohol consumption,
AUDIT-C [57] and AUDIT-10 scores, past year and lifetime attempts to quit smoking, recent
marijuana and opioid use, and other health comorbidities. Descriptive statistics were also used to
calculate crude primary and secondary outcomes within male and female subgroups of each
treatment arm. To examine intervention and patients’ sex effects, three logistic generalized
estimating equations (GEE) models were then fit for each outcome with clinical site as a cluster
variable (with an exchangeable correlation matrix), robust standard errors, and the site stratification
variables (i.e., site size and type) included as covariates. The first model tested the intervention effect
and included treatment arm, clinic size, and clinic type which replicated the model presented in a
previous manuscript reporting the study’s main findings [44]. Patient sex was added to a second
model, to test for an overall sex difference. A treatment arm x sex interaction term was added to a
third model, to test whether the intervention effect varied by sex. To better understand the range of
likely true differences, we then calculated adjusted absolute differences and relative risks, along
with 95% confidence intervals, for the differences among the treatment arm-specific sex effects.

With the exception of the addition of patient sex, the models were identical to those used in the
original COMBAT analysis [44], as the goal of this work was to build on the previous analysis. As
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with the original COMBAT analysis, we adopted an intention to treat approach with clinics and
patients analyzed in the originally assigned treatment arm. All analyses were conducted using Stata
14 [58].

2.4. Ethical Considerations

All patients gave their informed consent to participate in this research. The study was
conducted in accordance with the Declaration of Helsinki and the COMBAT study protocol was
reviewed and approved by the Research Ethics Board at the Centre for Addiction and Mental Health
on 17 July 2015 (protocol number 035-2015).

3. Results

Baseline characteristics of our analytic sample by sex and treatment arm are presented in Table
1. There were some minor differences between males and females on several baseline characteristics.
Specifically, the males in both treatment arms were slightly older, had lower rates of high school
completion, were heavier smokers, had more lifetime quit attempts, and had greater rates of past 30
day marijuana use. Male patients in our sample also consumed more alcoholic beverages than
females; however, this difference was due to the differential screen-in criteria for males versus
females in the study. Overall, alcohol consumption and other Table 1 sex differences were similar
between the intervention and control arms.

Figure 1a,b show the crude rates of primary and secondary outcomes in each of the patients’ sex
by treatment subgroups. In the control arm, 45% of males (702 patients) and 44% of females (548
patients) were offered an appropriate resource and 14% of males (100 patients) accepted the resource
versus 18% of females (101 patients); in the intervention arm, 48% of males (760 patients) and 43% of
females (560 patients) were offered an appropriate resource and 21% of males (157 patients) and 21%
of females (120 patients) accepted it. Of the 201 accepted resources in the control arm, 45 (22%) were
inappropriate, as defined by the study; 19% for females (19 of 101 patients) and 26% for males (26 of
100 patients), F(1,49) =1.55, p =0.22.

Table 1. Baseline patient characteristics for the main analytic sample (n = 5702).

Variables Control Intervention
Male Female Male Female

(n = 1547) (n = 1246) (n=1597) (n=1312)
Age in years (mean, SD) 49.1 (13.5) 46.9 (13.8) 48.5 (13.6) 46.8 (13.4)
Graduated high school 1033 (67) 977 (78) 1071 (68) 997 (76)
Household income above $40,000 532 (34) 373 (30) 495 (31) 372 (28)
Currently employed 827 (53) 660 (53) 829 (52) 693 (53)
Daily smoking status 1430 (92) 1177 (94) 1506 (94) 1238 (94)
Heaviness of smoking index >3 417 (29) 229 (19) 441 (29) 273 (22)
Number of alcoholic drinks in past week
(mean, SD) 12.9 (14.3) 7.6 (9.4) 12.5 (14.7) 8.2 (10.6)
Above AUDIT-C cut off 1270 (82) 1018 (82) 1290 (81) 1080 (82)
Above AUDIT-10 cut off 67 (4) 33 (3) 97 (6) 43 (3)
Past year attempts to quit smoking 797 (52) 631 (51) 808 (51) 685 (52)
Lifetime attempts to quit smoking > 11 261 (17) 180 (14) 293 (18) 185 (14)
Marijuana use in past 30 days 546 (35) 303 (24) 599 (38) 367 (28)
Opioid use in past 30 days 244 (16) 175 (14) 244 (15) 189 (14)

Number of comorbid conditions
2.3 (2. 2.4 (2. 2521 2.4 (2.
endorsed ! (mean, SD) 320) 2.0 521 2.0)

Note: Values are numbers (percentages) unless stated otherwise. SD = standard deviation. ! Possible
comorbid conditions (lifetime history of diagnosis) included: high blood pressure, high cholesterol,
heart disease, stroke, diabetes, chronic bronchitis/femphysema/chronic obstructive pulmonary
disease, rtheumatoid arthritis, chronic pain, cancer, depression, anxiety, schizophrenia, bipolar
disorder, substance use disorder, alcohol use disorder, or problem gambling.
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Figure 1. Proportion of men and women exceeding safe drinking guidelines (a) that were offered an
appropriate educational alcohol resource by their health care provider in each treatment arm; (b) that
accepted the offer of an educational alcohol resource by their health care provider in each treatment
arm. CDSS = clinical decision support system.

Results from the GEE analysis are presented in Table 2. The original model (presented in a
previously published manuscript [44]) did not find implementation of the CDSS to be a significant
predictor of patients exceeding safe drinking guidelines being offered an appropriate educational
alcohol resource [44]. In the present analysis, patients’ sex was also non-significant as a covariate,
and there was no evidence of a differential effect by sex.
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Table 2. Adjusted odds ratios and 95% confidence intervals for offer and acceptance of an
educational alcohol resource.

CDSS as predictor of being OFFERED an appropriate alcohol resource

n=>5702
Original model With sex as covariate With interaction term
OR (95%CI)  p-value  OR(95%CI)  p-value  OR (95%CI)  p-value
CDSS 1.20 (0.88-1.64) 0.25 1.20 (0.88-1.64) 0.25 1.24 (0.90-1.72) 0.19
Female patient - - 0.92 (0.82-1.03) 0.13 0.95 (0.82-1.11) 0.51
CDSS x Sex interaction term - - - - 0.93 (0.74-1.16) 0.53
CDSS as a predictor of ACCEPTANCE of offered alcohol resource
n=2615
Original model With sex as covariate With interaction term
OR(95%CI)  p-value OR(95%CI) p-value OR(95%CI)  p-value
CDSS 1.49 (1.01-2.18) 0.04 1.48 (1.01-2.16)  0.046  1.70 (1.12-2.57) 0.01
Female patient - - 1.12 (0.93-1.37) 0.24 1.33 (0.96-1.86) 0.09
CDSS x Sex interaction term - - - - 0.74 (0.50-1.09) 0.13

Note: Site stratification variables (i.e., clinic size and clinic type) were included as covariates.

The original model assessing the effect of the treatment arm on patient acceptance of the alcohol
resource found that patients in the CDSS arm had significantly greater odds of accepting the alcohol
resource when it was offered, compared to those in the control arm. The main effect of sex, when
added, was not significant and neither was the sex x intervention interaction. There was therefore no
evidence that the intervention effect with respect to resource acceptance differed by sex.
Post-estimation calculations yielded an adjusted absolute difference in sex-specific intervention
effects (Mint — Mcontrol) — (Fint — Fcontrol) of 3.7% (95% CI = -1.9% to 9.3%) and a relative risk

w of 1.27 (95% CI = 0.86 to 1.68). These confidence intervals indicate that any sex
(Fint/Fcontrol)

difference in the intervention effect is unlikely to be large, and suggest that the analysis was
adequately powered to detect such a difference.

ratio

4. Discussion

The present study was a sex-based secondary analysis of the COMBAT study, a cluster
randomized control trial which examined if the addition of a CDSS prompt influenced HCPs’
provision of a brief alcohol intervention to patients in a smoking cessation program who drank
above recommended alcohol consumption guidelines, compared to HCPs who did not receive a
CDSS prompt. The results of the COMBAT trial showed that the CDSS did not increase the
likelihood of HCPs offering an educational alcohol resource; however, it did increase the likelihood
of patients’ accepting the resource [44]. In this study, we found that these intervention effects were
not moderated by sex.

The CDSS might have led to an increase in acceptance of alcohol resources among both men
and women by influencing the way HCPs communicate with their patients. The CDSS provided
guidance and concrete steps on what to do which might have made the resource more appealing to
both male and female patients.

Less than half of eligible patients in the study were offered an alcohol resource, regardless of
their sex or treatment arm, and less than a quarter of those offered an intervention actually accepted
it, regardless of their sex. Prior research has shown similar or lower rates of alcohol intervention in
primary care settings [42,59-61]. Thus, in this context—with this study showing that the CDSS led to
an increase in the acceptance of alcohol resources and did not contribute to the sex inequities other
interventions have shown [24]—the CDSS might be considered a success, as it led to more eligible
patients receiving the alcohol resource.

Almost one quarter of resources accepted in the control arm conflicted with the study’s
guidelines for what type of resource was appropriate (abstinence or reduction), but this was similar
for males and females. The HCP may have deemed the resource appropriate for their patient based
on other characteristics known about the patient that would influence the HCP’s judgment. For
example, an HCP may choose to provide an alcohol reduction resource to a patient exceeding the
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AUDIT-10 cut off if they had intimate knowledge of the patient’s case and felt it unnecessary to offer
an alcohol abstinence resource during that appointment.

Perhaps one reason we did not find a differential impact of the CDSS prompt on offering of the
resource for males and females was due to the fact that we framed our study around cancer
prevention, instead of alcohol abuse. Many researchers have pointed out that HCPs do not provide a
brief alcohol intervention to their patients, especially female patients, due to fear of stigmatizing
them [26,62-64]. Alcohol stigma attached to women is related to societal views of alcohol use being
more masculine and women who drink not being able to be a good caretaker as expected [65]. Thus,
framing the advice as a cancer prevention strategy might have felt less stigmatizing for the HCPs.
Findings from other cancer prevention strategies, such as cancer screening or diet and physical
activity advice, have found no sex- or gender-based disparities in HCPs recommendations [66,67].

These findings need to be understood in the general context where the intervention is taking
place: a country where drinking among women has been increasing [2,68]; multi-million marketing
campaigns encourage and normalize the use of alcohol, especially among women [69]; where
alcohol has become increasingly accessible [70]; and where few Ontarians are aware of the
association between alcohol drinking and cancer risks [45]. This is problematic given that
researchers have found stronger alcohol control policies are associated with lower levels of alcohol
consumption [71,72]. While a CDSS was not a good solution to prompt HCPs to deliver a brief
alcohol intervention, without changing the social climate around alcohol and without policy
interventions which have been shown to reduce alcohol consumption worldwide (such as tax
increases [73-78], restricting setting use [72,78-80], and placing upper limits on the density of outlets
[78,79,81]), it might continue to be hard to increase the proportion of males and females who receive
an alcohol intervention beyond that achieved using the current CDSS.

The current study has several limitations. Although our analysis shows that large sex
differences in the effectiveness of the CDSS are unlikely to be present, some caution is appropriate.
Patients in the COMBAT study were asked to self-identify as male, female, or other; by not including
specific questions about sex at birth and additional gender response options, this study is limited in
its interpretability. Further, it is also possible that sex differences in intervention effects might be
masked by sex differences in the severity of alcohol-related problems. This is a possibility we were
able to address only partially via the testing of a possible effect for the AUDIT-C that was done
during selection of the covariates for the original model published previously [44]. We did not ask
participants to report if they were pregnant. While we presumed there were only a small number of
pregnant women in our sample, it warrants examination in future studies, as this could have had an
impact on our primary and secondary outcomes. For example, HCPs may have been motivated to
offer an alcohol resource to pregnant patients due to the increased perception of risk, and pregnant
women might have been more motivated to accept an alcohol intervention for similar reasons.

While a CDSS has the potential for reducing or removing disparities, it is important to note that
in our sample, there was no apparent disparity in offering the alcohol resource in the control arm
(without CDSS). Thus, it will be valuable to replicate this study in a setting where there is a gender
disparity. Also important to note is that the CDSS was implemented in clinics that have a robust
infrastructure for smoking cessation. All clinics had implemented the STOP program, which offers
various supports such as a community of practice, an active listserv, several webinars a year on
topics related to smoking cessation (including alcohol use), and ongoing operational support. These
supports might make it hard to generalize these findings to other clinics that don’t have these
supports.

Further research is needed to identify pragmatic implementation approaches that increase the
delivery of brief alcohol interventions in primary care clinics. As other researchers have suggested,
these might include the addition of a champion who can encourage HCPs to conduct a brief
intervention to all patients who are drinking above guidelines and to problem solve barriers [74,82]
as well as having ongoing training in alcohol screening and brief intervention. This might be
particularly important in clinics with high staff turnover [82-85]. Both the champion and the training
should emphasize the importance of making sure that sex and gender are taken into consideration
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when delivering brief alcohol intervention (e.g., addressing stigma and fear associated with
reporting alcohol use during pregnancy and motherhood) [86-89]. Given that research has shown
that the methods of program implementation can have a differential effect on males and females, it is
critical to integrate a sex and gender lens to the conceptualization and evaluation of these
approaches [90]. This will in turn ensure that more equitable health outcomes are achieved. In
addition, future research should be conducted to understand the specific mechanisms through
which the CDSS helped increase the proportion of patients’ acceptance of the alcohol resource,
including an examination of whether there are different mechanisms for men and women.

5. Conclusions

We previously reported that implementation of a CDSS in primary care clinics across Ontario
did not increase the offer of an alcohol resource to patients drinking above cancer guidelines but did
increase acceptance of the resource. Given that implementation science as a field has been criticized
for neglecting sex and gender considerations from its analysis [90] and widespread evidence of
gender disparities in HCP delivery of brief interventions, it was important to examine whether sex
moderated our results. The findings of this study suggest that CDSS effects were not moderated by
patient sex. Regardless of patient sex, the CDSS prompt did not increase delivery of a brief alcohol
intervention but did lead to increased acceptance of the resource. In increasing patient acceptance,
the CDSS successfully increased the number of both male and female patients that ultimately
received the alcohol resource that was appropriate. These findings can help inform future program
and policy development needed to increase rates of brief alcohol intervention without creating,
maintaining, or worsening any gender disparities in alcohol screening and intervention.
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