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A B S T R A C T

Background: This study aimed to develop a predictive model to quantify the risk of student harmful drinking
associated with emergency department (ED) visits and/or campus-wide incidents reported to campus authorities
in a U.S. public university.
Methods: Six-year (2010/11–2015/16) student enrollment data were linked to subsequent harmful drinking
events defined as either alcohol intoxication associated with ED visits or alcohol-related incidents reported to
authorities within 1 year following the annual (index) enrollment. Multivariable logistic regression analysis was
used to develop a risk predictive model based on the first 3-year student cohort (n= 93,289), which was then
validated in the following 3-year student cohort (n= 85,876).
Results: A total of 2609 students in the derivation cohort and 2617 students in the validation cohort had at least
1 harmful drinking event within 1 year following the index enrollment, providing an incidence of 2.8% and
3.1%, respectively. Student demographics (gender, age, ethnicity, parental tax dependency), academic level,
Greek life member, transfer students, first-time enrolled students, having been diagnosed with depression or
injury, and violence involvement were statistically significant predictors. C-statistics of the model were 0.86 in
both cohorts, with excellent calibration and no evidence of over- or under-prediction observed from calibration
plots.
Conclusions: By linking routinely collected student data, a robust risk predictive model was developed and va-
lidated to quantify absolute risk of harmful drinking for every student. This model can provide a useful tool for
clinicians or health educators to make real time decision to plan target interventions for students at elevated risk.

1. Introduction

Alcohol misuse is well-recognized as a significant public health
concern among college students. In 2017, for example, the past month
use of alcohol (62% vs 56.4%) and mixing alcohol with energy drinks
(31.5% vs 26.7%) was higher among US college students as compared
to non-college peers (National Institute on Drug Abuse, 2018). In ad-
dition, numerous studies have linked student harmful alcohol use to a
host of negative personal and campus-wide problems including poor
academic performances, high-risk sexual behavior, sexual assault, vio-
lence and aggression, serious injuries, driving while intoxicated, and
traffic fatalities (Ngo et al., 2018a; NIAAA, 2013; Ansari et al., 2013;
Beck et al., 2010; Hingson et al., 2009; Wechsler et al., 2002). Con-
sidering these issues, most universities have implemented strict alcohol
policies on college campuses. However, despite these policies, alcohol

misuse and its associated problem behaviors are frequently cited rea-
sons for disciplinary infractions and student visits to the emergency
departments (ED).

Although harmful alcohol use is common among the student popu-
lations, variation in the risk of this problem behavior exists, dependent on
a host of personal, inter-personal, and campus-related factors. It is well-
established that student race/ethnicity (i.e., white students), first year
students (Wechsler et al., 1995), and students affiliated with fraternities/
sororities (Lo and Globetti, 1995; Presley et al., 2002) or students parti-
cipating in athletic activities (Kwan et al., 2014; Lisha and Sussman,
2010; Turrisi et al., 2006) have higher rates of episodic heavy drinking
than other students. The type of residence and the college size also affect
the level of binge drinking (NIAAA, 2002). Psychiatric and emotional
disorders, including psychological distress (Livingston et al., 2016), social
anxiety (Brook andWilloughby, 2016; Dawson et al., 2005), or depression
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have been found to commonly occur together with alcohol use disorders
among college students (Baer, 2002). The variability in the risk of student
alcohol misuse signifies the need to identify students at higher risk to
target intervention strategies to modify excessive drinking behaviors in
order to curb problem drinking and unintended consequences among this
emerging adult population.

For decades, electronic records have widely been used to collect and
store student data and information. For example, enrollment data
captures a broad spectrum of student information and characteristics;
many of these are established risk factors for harmful drinking, in-
cluding demographics (age, gender, and ethnicity), academic levels and
programs, organizational affiliations (e.g., Greek life members), and
extracurricular activities (e.g., athletic participation) (Ngo et al.,
2018b). The university incident report system records a wide-range of
alcohol related problems, including underage drinking, alcohol in-
toxication, high-risk sexual behavior, mental health problems, sexual
assault, violence and aggression, injuries, and traffic fatalities (Bernat
et al., 2014). This provides a great opportunity to link available data to
create a single, comprehensive, and integrated student dataset
(Dusetzina et al., 2014), which allows for longitudinal follow up of
students over the course of study and development of robust multi-
variable predictive models to facilitate risk stratification and improve
the identification of students at increased risk of harmful alcohol use.

While a number of risk assessment tools (Garcia Carretero et al.,
2016; Blank et al., 2015) were developed, these tools have typically
relied on questionnaire-based interviews and have focused on screening
for binge drinking. This survey-based screening method is known to
have major limitations associated with recall bias that could lead to
misclassification of student drinking amount. Growing evidence also
indicates that self-reported alcohol consumption is unreliable at high
levels of drinking and cannot capture comprehensively multiple di-
mensions of student risky drinking (White et al., 2006; Devos-Comby
and Lange, 2008). As this, available screening tools may not necessarily
identify student harmful alcohol use beyond the binge threshold, par-
ticularly when it results in the need for an ED visit or is brought to
attention of university authorities. In addition, it is not feasible to im-
plement survey-based screening on a large scale at the population level.

The aim of this study, therefore, was to develop and validate a novel
risk predictive model to predict absolute risk of student harmful
drinking defined as either acute alcohol intoxication associated with ED
visits or alcohol-related incidents recorded in the university incident
report system. The primary purpose is to derive a risk score for every
student based on established risk markers captured in available student
datasets rather than to identify novel risk markers. We hypothesized
that the proposed risk model would be able to identify high-risk stu-
dents as soon as when they first enrolled, creating the opportunity to
initiate and target early interventions.

2. Methods

2.1. Study Population, Study Design, and Data Sources

Our study population consisted of students aged 16–49 enrolled in a
U.S. public university from 2009/10 to 2015/16 academic years. We
used an open cohort design, which allows students to enter the study
population throughout the study period rather than on a fixed entry
date. Data for this study were created by linking the following 5 student
electronic datasets.

Student Information System (SIS) is the university’s student registry
database that records a wide range of student information associated
with enrollment and gives every student a university unique student
identification number (UID). Student Health Record Dataset is a census of
all student visits to the Student Health Center (SHC) clinic. The ED’s
Patient Registration System is a reporting system of students visiting the
university hospital ED. These students were matched to their UID based
on the medical record number (MRN) given to those who had a prior

visit to the university health system, or first and last names if an MRN
was not available among those without a prior visit to the university
health system. Clinical Data Repository is an electronic data repository of
patient admissions and visits to all clinics and departments in the uni-
versity health system, which contains clinical records including ICD
diagnostic codes associated with each ED visit. A complete description
of these 4 datasets was published elsewhere (Ngo et al., 2018b). The
Incident Management Response System (IMRS) is an electronic dataset
recording information on the date, time, location, and types of incidents
that involved alcohol, drug, or violence occurring on or off ground on
campus or elsewhere in the city/county where students live. Major
types of alcohol-related incidents included underage drinking and al-
cohol possession, being drunk in public places, negative behaviors
under influence of alcohol (e.g., violence, assault, interpersonal con-
flicts, property damage), and psychological disorders or mental illness
related to alcohol use (e.g., suicidal ideation).

2.2. Cohort Construction and Unit of Analysis

The study cohort consisted of all enrolled students who entered the
cohort at their first enrollment (index enrollment) in each academic
year during the period studied. The unit of analysis is the student an-
nual enrollment (not individual student). An individual student may be
evaluated multiple times for the risk of harmful alcohol use during the
study period, corresponding to the number of years the student en-
rolled.

2.3. Data Linkage

The SIS records of the study cohort were linked using the student
UID and academic term when the student enrolled with the 3 subsets of
students: those who visited the university SHC clinic, those who visited
the university hospital ED, and those with alcohol-related incidents
recorded in the IMRS. Through this process, we obtained a compre-
hensive, integrated, de-identified dataset containing full records of
student demographic and academic characteristics, organizational af-
filiation and extra-curricular activities, and clinical histories (of those
who visited the SHC clinic) linked to a subset of students who engaged
in risky drinking that resulted in ED visits or was reported to the uni-
versity authorities.

2.4. Study Outcome and Follow Up

The study outcome was the first harmful drinking event defined as
either an ED visit with alcohol intoxication or an alcohol-related in-
cident recorded in the IMRS within one year since the index enrollment
(entry date). ED visits with alcohol intoxication were identified using
International Classification of Disease (ICD)-9 (305.0, 303.0) or ICD-10
(F10120, F10121, F10129) codes (NIAAA, 2013) documented in the
patient ED clinical records. The physician’s diagnosis of alcohol in-
toxication was primarily based on clinical presentation, a documented
elevated alcohol level, and/or the patient self-report of significant
drinking before the ED visit. Alcohol-related incidents were those
flagged as involving alcohol use recorded in the IMRS.

Follow up started at the date when the student first enrolled (index
enrollment) in each academic year during their course of study and
ended at the earliest date of the following: the end date of the student’s
last semester, the date when the student was transferred to another
university or withdrew, or day 365th following the index enrollment.

2.5. Identification of Risk Markers

We compiled a list of potential risk markers which have previously
been established to increase the risk of excessive alcohol use among
college students. Essentially, potential risk markers included the fol-
lowing variables:

D.A. Ngo, et al. Drug and Alcohol Dependence 197 (2019) 102–107

103



A Demographic variables: age (16–19, 20–24, 25–29, 30–49), gender,
race/ethnicity, veteran status, transfer/exchange students, citizen-
ship status (domestic or foreign students), parental tax dependency
(defined as ‘one who is listed as a dependent on the federal or state
income tax return of his parents or legal guardian’) (University of
Virginia, 2019)

B Organizational participation and sport-related activities: university-
affiliated athletic teams, fraternities/sororities (e.g., Greek house
member)

C Academic affiliation: school, academic level, academic year, transfer
students

D Use of Counseling and Psychological Services (CAPS)
E Clinical risk markers: past year alcohol-related visits to the SHC
clinic, having been given a diagnostic code for depression, anxiety,
or injury

F Violence involvement

Risk markers listed in A, B, C were ascertained from SIS and risk
markers listed in D, E were abstracted from the Student Health Record
Dataset based on ICD codes within 1 year before the index enrollment.
As high as 79.5% of the total enrolled students register at the SHC clinic
as their primary care provider. Violence involvement was identified
from IMRS in the year preceding the index enrollment.

2.6. Model Derivation and Development

A retrospective cohort including students whose index enrollment
occurred in the first 3 academic years (2010/11–2012/13) was as-
sembled to derive a model predicting the 1 year risk of student harmful
drinking incidents. Step-wise multivariable logistic regression models
were performed to provide coefficients and Odds Ratios (ORs) for each
risk marker that was found significantly associated with the occurrence
of first harmful drinking event within 1 year following the entry date.
The analysis started with univariable analysis to identify the risk mar-
kers that were likely to be associated with the outcome (p < 0.25), and
these variables were subsequently fitted into the initial multivariable
model. Of the variables that were not significantly associated with the
outcome, the one with the highest p-value was removed and the model
was refitted with the remaining variables. Only variables that were
significantly associated with the outcome were retained in the final
model. The significance level was defined at 5% (p < 0.05) for non-
clinical risk markers and at 10% (p < 0.1) for clinical risk markers
(i.e., past year alcohol-related SHC visits, depression, anxiety, injury) to
take into account the clinical importance of these factors in relation to
student risky drinking.

The coefficient for each variable from the final model was used to
create a risk predictive equation. This equation was then used to gen-
erate a risk score for each student, which was then converted to a 1–100
point scale, with higher scores indicating a higher probability of having
a subsequent harmful drinking events in the year following the index
enrollement.

The predictive performance of the model was evaluated by C-sta-
tistics (95% CI) as a measure of discrimination where values of 0.9–1.0
indicate outstanding discrimination, 0.8-0.9, excellent discrimination,
0.7-0.8, good discrimination, and<0.7, poor discrimination (Lisha and
Sussman, 2010). Hosmer-Lemeshow test and calibration plot, a plot
assessing agreement between predicted and observed risks cross tenths
of predicted risk, were used to assess model calibration (Hosmer et al.,
2013; Nieboer et al., 2016; Steyerberg et al., 2010). Calibration slope
(95% CI) was calculated. A bootstrapping technique was used to adjust
for overfitting and overoptimistic model performance. An optimism-
corrected C-statistics (95% CI) using 100 bootstrap samples created
with replacement was reported. The sensitivity (SSV), specificity (SPV),
positive predictive value (PPV), and negative predictive value (NPV) for
selected percentiles of predicted risk values over the 1 year follow-up
were calculated.

2.7. Model Validation

The final model was retrospectively tested on the independent va-
lidation cohort that consists of students whose index enrollment oc-
curred in the next 3 academic years (2013/14–15/16). We repeated
analysis performed on the derivation cohort to evaluate the model
performance on the validation cohort.

All analyses used SAS statistical software, version 9.4. The reporting
of the present study follows the Transparent Reporting of multivariable
prediction model for Individual Prognosis or Diagnosis (TRIPOD)
statement (Collins et al., 2015). Ethical approval was provided by the
University Institutional Review Board.

3. Results

3.1. Characteristics of the Study Population

The study population consisted 183,823 students aged 16–49 en-
rolled during the 6-year period of the study. After excluding 4658
(2.5%) due to missing data in one or more covariates, 179,165 students
were available for analysis. Over the entire study period, 5226 students
were identified to have at least 1 harmful drinking event of whom 924
(17.7%) had the first event associated with ED visits due to alcohol
intoxication.

The derivation cohort comprised of 93,289 students, 2609 of whom
had at least 1 harmful drinking event within 1 year from the date of
index enrollment, and the validation cohort comprised of 85,876 stu-
dents, 2617 of whom had at least 1 harmful drinking event within 1
year after the index enrollment. The incidence was 2.8% in the

Table 1
Characteristics of the study population.

Variable Derivation cohort Validation cohort

n % n %

Gender
Female 52,575 56.4 47,353 55.1
Male 40,714 43.6 38,523 44.9
Age
16-19 23,469 25.2 24,556 28.6
20-24 36,030 38.6 35,503 41.3
25-29 13,295 14.3 11,428 13.3
30-49 20,495 22.0 14,389 16.8
Ethnicity
Asian 7,870 8.4 8,021 9.3
Black or African American 5,973 6.4 4,970 5.8
Hispanic 4,225 4.5 4,263 5.0
Multi-Race 2,238 2.4 3,031 3.5
Non-Resident Alien 7,040 7.6 7,153 8.3
White 57,404 61.5 52,115 60.7
Other 8,539 9.2 6,323 7.4
Citizenship
International 7,040 7.6 7,153 8.3
US 86,249 92.5 78,723 91.7
Parental tax dependency (Yes) 43,669 46.8 48,925 57.0
First-time enrollment (Yes) 37,133 39.8 31,771 37.0
Academic level
Graduate 42,281 45.3 32,790 38.2
Undergraduate 51,008 54.7 53,086 61.8
Transfer students (Yes) 46,68 5 5,500 6.4
Greek life (Yes) 10,435 11.2 12,839 15.0
Athlete (Yes) 3,807 4.1 4,145 4.8
Past alcohol-related clinic visits

(Yes)
153 0.2 159 0.2

Depression (Yes) 882 1.0 786 0.9
Anxiety (Yes) 1,201 1.3 824 1.0
Having used CAPS* (Yes) 1,697 1.8 2,859 3.3
Having an injury (Yes) 1,169 1.3 1,152 1.3
Involving in violence (Yes) 543 0.6 583 0.7

* Counseling and Psychological Services.
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derivation cohort and 3.1% in the validation cohort, respectively (Data
not shown).

The baseline characteristics of students in derivation and validation
cohorts are presented in Table 1. Both cohorts demonstrated similar
distributions of socio-demographic characteristics, sport activity parti-
cipation, having been diagnosed with depression and/or anxiety,
having an injury, involving in violence in the year preceding the index
enrollment. Exception included there were less students with parental
tax dependency (47% vs. 57%) and less students having used CAPS
(1.8% vs. 3.3%) in the derivation cohort. In both cohorts, very few
students (0.2%) were given a diagnostic code for alcohol use in their
prior visits to the SHC clinic.

3.2. Predictive Risk Markers

Table 2 shows the results of multivariable logistic regression ana-
lysis for the derivation and validation cohorts. Of the 16 variables
tested (Table 1), 11 were significantly associated with the risk of stu-
dent harmful drinking in the final multivariable model. With regards to
demographic factors, males (vs. females), students under 20 (vs. 25–29)
years of age, White, African American, Hispanic, multiracial (vs. Asian)
students, students having parental tax dependency, and students af-
filiated with fraternities/sororities were more likely than others to en-
gage in harmful drinking behavior (p < 0.05). Regarding academic
involvement, undergraduate students and first-time enrolled students
were more likely whereas students who were transferred from an earlier
institution were less likely than others to experience such harmful
drinking events (p < 0.05). In terms of clinical and behavioral risk
markers, students who were diagnosed with depression (p < 0.1) or
had a prior visit due to injuries to the SHC clinic (p < 0.05), and
students who were reported to IMRS for violence involvement in the
year before the index enrollment (p < 0.05) were at higher risk. Stu-
dent citizenship (American vs. international), student athletes, use of
CAPS, past year alcohol-related clinic visits, and having been diagnosed
with anxiety were not statistically significant predictors (p > 0.1).

3.3. Model Development

In the derivation cohort, the C- statistic was 0.856 (95% CI: 0.849,
0.862). The agreement between the observed and predicted proportion
of events showed excellent apparent calibration (Fig. 1, left) with a
calibration slope of 1.070 (95% CI: 1.067, 1.073). The optimism-

corrected C-statistics of the risk score in the derivation cohort, by the
bootstrapping technique, was 0.856 (95% CI: 0.855, 0.857). For top 1%
of students at higher risk, SSV, SPV, and PPV of the predicted risk scores
were 11.8%, 99.2%, and 30.3%, respectively. A reduction of the SPV
from 99.2% to 50.7% corresponding to top 1% and 50% of students at
high risk increased SSV from 11.8% to 94.9%, but it reduced PPV from
30.3% to 5.3% (Table 3).

3.4. Model Validation

Applying our final risk model to the independent validation cohort
gave a C-statistics of 0.857 (95% CI: 0.850, 0.864), and excellent cali-
bration (Fig. 1, right) with calibration slope only slightly above 1
(1.070 (95% CI: 1.067, 1.073)). SSV and SPV of the derivation and
validation cohorts at different risk cores thresholds were the same or
similar. For example, top 5% of students at highest risk (e.g., those with
scores of 95 or higher), derivation cohort had 23.7% SSV and 95.9%
SVP, and the validation cohort had 23.7% SSV and 96.8% SPV, re-
spectively (Table 3).

4. Discussion

To our knowledge, this is the first study to date that developed and
validated a novel risk predictive model to calculate the absolute risk of
student harmful drinking based on a complete student population.
Overall the prediction model had strong discrimination power and ex-
cellent calibration. The model incorporates 11 predictive markers, in-
cluding sociodemographic characteristics, academic, campus-related,
behavioral, and clinical factors, most of them were well-documented in
previous studies to increase the risk of student problem drinking. It is
important, however, to note that being a member of a university ath-
letic team was not a statistically significant predictor. A possible ex-
planation is that athletic students are better supervised or required to
abstain from drinking during sport seasons or risk the loss of their
athletic scholarship. Also, athletic students in this particular campus
might be reluctant to engage in risky drinking due to policies or dis-
ciplinary actions pertaining to student athletes’ alcohol use or specific
athletic leadership.

Epidemiological research has documented that while binge drinking
has been decreasing among adolescents and young adults, the use of
alcohol-related hospital services – particularly of ED visits has been
increasing (White et al., 2018; NIAAA, 2013). Similar to a recent study

Table 2
Adjusted OR (95%CI) for the risk of student hazardous drinking in derivation and validation cohorts.

Predictor Derivation cohort
OR (95%CI)

Validation cohort
OR (95%CI)

Gender (Referent= Female) 2.00 (1.84, 2.17) 1.87 (1.72, 2.03)
Age
16-19 2.07 (1.51, 2.82) 2.68 (1.82, 3.96)
20-24 0.96 (0.71-1.29) 1.29 (0.88, 1.88)
25-29 Referent Referent
30-49 0.10 (0.05, 0.17) 0.15 (0.07, 0.29)
Ethnicity (Referent=Asian)
African American 1.40 (1.12, 1.75) 1.38 (1.11, 1.72)
Hispanic 1.73 (1.39, 2.16) 1.51 (1.22, 1.86)
Multiracial 1.67 (1.30, 2.15) 1.41 (1.11, 1.78)
White 1.63 (1.39, 1.90) 1.41 (1.22, 1.64)
Other 1.13 (0.93, 1.39) 0.96 (0.79, 1.18)
Parental tax dependency (Referent=No) 2.16 (1.85, 2.52) 2.44 (2.04, 2.92)
Greek life member (Referent=No) 2.15 (1.96, 2.35) 2.06 (1.89, 2.25)
Transfer student (Referent=No) 0.75 (0.62, 0.90) 0.58 (0.48, 0.71)
Academic level (Referent=Graduate) 4.54 (3.60, 5.73) 4.40 (3.40, 5.69)
First time enrollment (Referent=No) 2.98 (2.70, 3.29) 4.67 (4.20, 5.19)
Depression (Referent=No/Unknown) 1.42 (0.94, 2.16) 1.74 (1.11, 2.72)
Injury (Referent=No/Unknown) 1.80 (1.30, 2.48) 1.58 (1.10, 2.29)
Violence (Referent=No/Unknown) 1.85 (1.25, 2.73) 1.58 (1.00, 2.51)
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by White et al. that further confirmed that ED visits involving acute
alcohol consumption among young people aged 18 years or older rose
significantly between 2006 and 2014 (White et al., 2018), our current
study demonstrates a rising trend in the annual incidence (from 2.65%
in 2010/11 to 3.27% in 2014/15 and 2.91% in 2015/16 (data not
shown)) of student harmful alcohol use other than binge drinking,
which included acute intoxication associated with ED visits. In addi-
tion, several studies of non-student populations in other Western
countries (Bertholet et al., 2014; Haberkern et al., 2010; O’Farrell et al.,
2004; Verelst et al., 2012) also reported rising trends in prevalence of
ED visits with alcohol intoxication. These conflicting epidemiological
trends indicate that available intervention strategies focused on binge
drinking might not been effective in reducing student harmful alcohol
beyond the binge drinking thresholds. There is a strong need to reorient
and expand the focus of interventions to address the rising burden of ED
visits or campus-wide incidents due to heavy alcohol consumption.
Screening for high risk students would be the first important step in
addressing this apparent need.

The risk prediction model developed from this study offers a com-
plementary tool to screen student dangerous alcohol use beyond the
binge threshold. The majority of students seek care at the university
SHC clinic where information on student demographic, campus-related,
and clinical factors is routinely collected and readily available to pri-
mary care physicians. Hence, a risk screening tool can easily be de-
veloped and adapted in such a setting to facilitate physicians to identify
high risk students for better targeting of clinic-based intervention ef-
forts and make expedited referral to available interventions and ser-
vices. Given potential stigma associated with alcohol misuse among the
student populations, care should be taken in communicating with stu-
dents who are identified and labelled as at high risk to prevent unin-
tended psychological consequences.

Our risk predictive model has numerous strengths. It was based on
absolute risks derived and validated in 2 large and independent cohorts
of a complete student population with limited missing data. In addition,
it is built by comprehensively linking student administrative and pri-
mary healthcare datasets with ED clinical data and the university in-
cident management system to create an integrated dataset. Such
dataset allowed for more complete ascertainments of student harmful
drinking incidents and captured a wide range of risk markers which

may otherwise not be available when only a single data source was
used. In particular, by linking enrollment data with subsequent harmful
drinking incidents, follow up was complete for all students since they
first enrolled until the end of their study at the university. In addition,
measures of student harmful alcohol use were ascertained from ED’s
physician diagnosis and incident reports, which is not subject to self-
reporting or recall bias often occurring in sample-based surveys. The
modeling approach was straightforward, which can easily be applied
and adapted to further external validation in other universities with a
similar affiliated health system and hospital ED where both routinely
collected student administrative and clinical data are available and
linked.

Our study is not without limitations. First, records of alcohol-related
incidents in the IMRS was typically based on bystanders’ reports, which
might be subject to misclassification of student harmful drinking,
especially when the incident involved a group of students where not all
of them were heavy drinkers. In addition, it might be possible that not
all alcohol- as well as non-alcohol-related incidents were reported and
subsequently recorded in the IMRS, resulting in under-reporting of both
the outcome and risk markers ascertained from this dataset (i.e., vio-
lence). Second, our earlier validation study found that only 66% of
student ED visits with alcohol intoxication were captured by ICD di-
agnostic codes (Ngo et al., 2018c). Third, data on clinical risk markers
(e.g., depression, anxiety) were only available among students visiting
the SHC clinic, thus excluding those with these conditions who did not
present to this clinic. Fourth, the findings are limited to a public uni-
versity campus with an affiliated health system, specific campus po-
licies and incident recording systems, which may not be generalizable
to other universities. However, the observed relationships with key
student characteristics (e.g., age, gender, Greek life member) were
consistent with earlier studies, indicating that risk markers identified
reflect generalizable risk patterns of harmful alcohol use among student
populations and the predictive model can reliably identify students at
higher risk.

The predictive model can be used to develop a complementary tool
which can be automatically populated on the university computer
systems to facilitate risk assessment for every student, especially for
those who already had contact with the health system through the SHC
clinic. Stratification of students by risk scores can help planning

Fig. 1. Model calibration in the derivation cohort (left) and validation cohort (Right).

Table 3
Performance for predicting the risk of student hazardous drinking in the derivation and validation cohorts.

Risk score Derivation cohort Validation cohort

Total high risk students SSV SPV PPV NPV Total high risk students SSV SPV PPV NPV

Top 1% 1021 11.8 99.2 30.3 97.5 1122 14.2 99.1 33.2 97.4
Top 5% 4664 23.7 95.9 20.5 98.1 3506 23.7 96.8 23.7 97.8
Top 10% 9678 55.6 90.9 15.0 98.6 9491 60.0 90.5 16.5 98.6
Top 25% 23524 77.7 76.3 8.6 99.2 21469 78.4 76.7 9.6 99.1
Top 50% 47137 94.9 50.7 5.3 99.7 44809 94.0 49.1 5.5 99.6
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interventions, as high risk students tend to require more intense inter-
ventions and more resources. Based on routinely collected student data,
a risk score for every student can automatically be generated and
available to health educators at the time of enrollment and to primary
care physicians when students visit the SHC clinic so that they would
refer students with higher risk scores to interventions. In addition, a
proactive management and treatment of clinical risk markers (i.e., de-
pression) not only benefit general health of students with these condi-
tions but also have impact to lower the risk of subsequent harmful
drinking and related consequences as well as to reduce the need for
alcohol-related ED visits.

This study provides an example of utility and usefulness of linking
routinely collected student data to develop and validate a predictive
model that estimates the probability of student harmful drinking in-
cidents within the next year after enrollment. Based on a complete
student population, the model was able to derive a risk score for every
individual student each time a student enrolled. The risk model de-
veloped from the current study can easily be externally validated in
student populations from other universities, offering a useful tool for
healthcare providers and health educators to make real time decision
on student absolute risk of harmful drinking and plan targeted inter-
ventions or make expedited referral to outreach education or preventive
services for students at elevated risk.
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