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Given that alcohol consumption contributes
to a substantial burden of disability and
mortality among young people,1 most coun-
tries worldwide have implemented minimum
legal drinking age (MLDA) legislation that
seeks to reduce alcohol-related harm among
youths by imposing age restrictions on the
purchasing, possession, and consumption of
alcohol.2,3 Although a large body of work has
attempted to assess the impact of MLDA
laws,2,4,5 this literature has focused primarily
on assessments of patterns of alcohol con-
sumption or motor vehicle accidents (MVAs)
in the United States. As a result, the current
literature likely underestimates the full
impact of the MLDA on morbidity, espe-
cially alcohol-related conditions resulting in
health service use in hospital settings. For
example, a recent cost-effectiveness study of
population-based interventions designed to
reduce alcohol-related morbidity in Canada
considered the effects of the MLDA only on
MVAs.6

Understanding the full role of MLDA legis-
lation in alcohol-related harm is a critical
aspect of evidence-based policies, and an
earlier Canadian study we conducted showed
that the MLDA has a substantial impact on
inpatient hospital admissions for a range of
serious alcohol-related conditions.7 The
study’s findings revealed that, relative to
youths slightly younger than the MLDA, those
slightly older than the MLDA exhibited sig-
nificant increases in admissions for alcohol-
use disorders (16%-20%; P £ .001) and self-
inflicted injuries (9.6%; P = .03). Among
young men who had recently crossed the
MLDA threshold, there was a significant 4.4%
increase (P = .001) in hospitalizations for ex-
ternal injuries, including a 9.2% jump
(P = .02) in admissions for MVAs. However,
this earlier study relied exclusively on inpatient

admissions and, thus, probably captured only
a small (but extremely costly) proportion of
total alcohol-related health service use in hos-
pital settings.

In the present study, we addressed this
limitation by examining integrated inpatient
and emergency department records from
Canada’s most populous province, Ontario,
which has an MLDA of 19 years. Use of
inpatient and emergency department re-
cords from Ontario—a setting with universal
access to physician and hospital-based
services—allowed us to make comprehen-
sive, population-based estimates of alcohol-
related health service use in hospital settings
without the potential biases resulting from
variations in patients’ medical insurance
status.

We used a regression-discontinuity (RD)
approach8,9 (a quasi-experimental approach
that can provide credible estimates of the
causal effect of an intervention on a specified
outcome10) in our study. The RD design

allowed us to take advantage of the sharp
discontinuity in the legality of alcohol pur-
chasing and consumption occurring at the
MLDA. We assigned youths who had not
reached the MLDA and youths no longer
subject to the MLDA to separate groups. The
basic, underlying assumption of our RD ap-
proach was that, with the exception of the
effect of the removal of the MLDA in the latter
group, individuals slightly older than the
MLDA and those slightly younger than the
MLDA would be similar in terms of observed
(and unobserved) characteristics. This
seemed to be a reasonable assumption given
the likelihood that individuals separated by
only a single month in age on either side of
the MLDA would have similar characteristics
related to our outcome variables (other
than the impact of the MLDA in the older
group).

Our design also assumed that all observed
and unobserved variables (which might in-
fluence alcohol-related morbidity outcomes)
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were smoothly distributed across the age
cutoff11 and that the effects of the MLDA
could be inferred if the regression line showed
a discontinuity—a change in intercept—at
the MLDA cutoff.12 Another major advantage
of our approach is that the results can
be clearly represented by simple scatterplots
showing changes in rates of the out-
come variables before and after the legal
drinking age.

We expected significant increases in
hospital-based health service use for alcohol-
related conditions to appear abruptly just after
the MLDA. In light of the ongoing, vigorous
debate about lowering the MLDA in the United
States,13 as well as evidence-based recommen-
dations for raising the MLDA to 21 years in
Australia,14,15 it is critical for well-supported
alcohol policies to integrate a full assessment of
the impact of the MLDA on alcohol-related
morbidity, a neglected area in the current
literature.

METHODS

Data on all Ontario inpatient and emergency
department events from April 1, 2002, to
March 31, 2007, among individuals aged 16 to
22 years were drawn from the Canadian In-
stitute for Health Information’s Hospital Mor-
bidity Database (a national database capturing
administrative, clinical, and demographic in-
formation on all hospital inpatient events)
and the National Ambulatory Care Reporting
System (a national database designed to cap-
ture information on ambulatory care visits).
During the study period, the Hospital Morbid-
ity Database included information from ap-
proximately 170 acute care facilities in
Ontario,16 and the National Ambulatory Care
Reporting System included data from approx-
imately 180 emergency departments across
the province.17

At the time of our initial data request
(2008), Ontario was the only Canadian
province that had comprehensive coverage
of linked inpatient---emergency department
records available from the Canadian Insti-
tute for Health Information. Reabstraction
studies have demonstrated the validity of
the diagnostic information contained in the
Hospital Morbidity Database by showing
a high correspondence between information

in electronic records and in paper-based
medical charts.18,19

Outcomes

Control condition: appendicitis. We selected
appendicitis as the primary diagnostic control
condition because it is a relatively frequent
reason for presentation to hospital-based set-
tings, it is not associated with socioeconomic
status,20 it does not appear on theoretical
grounds to be related to alcohol-related condi-
tions, and it has a well-defined clinical course.21

Alcohol-related conditions. We used the Cen-
ters for Disease Control and Prevention’s clas-
sification of alcohol-related medical conditions
as a general framework to define our out-
comes.22 We selected the following conditions
as our primary outcomes: alcohol-use disor-
ders, external injuries, suicides by and exposure
to alcohol (“suicides related to alcohol”), suicides
broadly defined, MVAs, and assault (Interna-
tional Classification of Diseases, 10th Revision
[ICD-10] codes for the medical conditions
assessed in this study are presented in Table
A, available as a supplement to the online
version of this article at http://www.ajph.org).
Injury classifications also followed Centers
for Disease Control and Prevention definitions
and included suicides, MVAs, and assaults
along with a number of other injury-related
conditions. The outcomes represented
diagnosed conditions seen in inpatient and
emergency department settings; it was not
possible to assess whether an individual died as
a result of the diagnosed condition or other
conditions.

Analytic Plan

We conducted RD analyses to estimate the
impact of the MLDA on alcohol-related use
of inpatient and emergency department ser-
vices in Ontario. Patient ages were collapsed
into month and year of birth. For each
alcohol-related outcome, we summed the
number of outcome events for each age group,
defined as age in months in relation to the
Ontario MLDA. For example, Ontario adoles-
cents aged 18.5 years were placed into the “–6
months from the MLDA” age category, given
the Ontario MLDA of 19 years. To account
for potential variability in the total number of
inpatient and emergency department events
across calendar years and ages, we converted

outcomes into rates per 1000 hospital events
within each age group.

We used the following mathematical for-
mula in our RD analyses:

ð1Þ Y ¼ aþ b1MLDAþ b2Birth

þ
Xp

k¼1

gkAge
k þ kkAgekMLDA

� �þ 2

The term Y is the number of outcome-related
presentations per 1000 hospital episodes;
MLDA is the legal drinking age indicator,
and its coefficient �1 is the estimate of the
MLDA effect (MLDA was coded as 1 if the
individual was at least 19 years old, the MLDA
in Ontario); birth is the indicator of birthday
month (which accommodates “birthday-
celebration” effects occurring at the MLDA and
all other birthdays in the data span); age (in
months) is a running variable centered at the
MLDA (with P= 1,2,3 representing the degree
of the polynomial equation across ages; this
includes the MLDA · Age interaction term,
which allows for different regression equations
before and after the MLDA cutoff); a is the
intercept, which is the estimate of the baseline
hospital-event rate (i.e., the rate just before
to the legislated MLDA) of each outcome vari-
able; and ɛ is the error term.

Our approach followed recent best-practices
guidelines for RD analyses.12 We undertook
parametric regression analyses that included lin-
ear, quadratic, and cubic terms for the running
variable age. For example, in our tabled results,
we refer to models including the quadratic term
for age as quadratic, and themodels incorporating
the cubic term for age are labeled as cubic.
Regarding model selection, we chose the cubic
model when the cubic term for age in equation 1
was statistically significant, the quadratic model
when the quadratic term for age was statistically
significant (but not the cubic term), and a linear
model when neither the cubic nor the quadratic
term was statistically significant. The algorithm
used to select the best model followed the
standard rationale for model selection in regres-
sion analyses.23,24 Regression models were run
for the total sample, as well as separately for
young men and young women. Figure 1 presents
the scatterplots for the selected best regression
models for the sample as a whole.

To explore the robustness of the parametric
regression results, we also conducted local
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linear regression analyses with different band-
widths (i.e., smoothing parameters). Local
regression can be viewed as a smoothing tech-
nique that attempts to estimate a model on
each point by smoothing through a set of other
points in the neighborhood, giving greater
weight to proximal data points. The bandwidth
defines how many points in the neighborhood
set will be used to estimate the regression
model at a given point. The larger the band-
width, the smoother the regression model will
be because more data points are included in
the model. For example, in a local regression
analysis with a bandwidth of 20, 20 data points

are used in each local regression iteration. We
used the Stata version 11 (StataCorp LP,
College Station, TX) RD macro,25 which
calculates optimum bandwidths and local
regression models, in fitting our models.26

As recommended, we used 0.5, 1.0, 1.5, and
2.0 multiples of the optimal bandwidth in
conducting our sensitivity analyses.25

RESULTS

The overall rate of hospital events among
young men and young women of varying
ages (centered at the MLDA) was approximately

40 000 per month across the study period
(Figure A, available as a supplement to the
online version of this article at http://www.ajph.
org). No MLDA-specific group differences in
event rates were observed for our primary
control medical condition (appendicitis).

Key findings from our RD analyses related to
appendicitis (control condition), alcohol-use
disorder, and assault outcomes are shown in
Table 1, and findings with respect to MVAs,
suicides related to alcohol, and external injuries
can be found in Table 2. Youths who had
recently crossed the MLDA threshold (rela-
tive to youths who were slightly younger than
the MLDA) exhibited significant overall in-
creases in the numbers of inpatient and emer-
gency department events associated with
alcohol-use disorders, assaults, and suicides
related to alcohol (Figure 1). There was
no evidence of a significant increase in the
broad category of suicide-related events
(Table 1). Events related to alcohol-use disor-
ders showed an approximate rate increase of
10.8% overall among youths just older than
the MLDA in comparison with their slightly
younger counterparts (who had a rate of 14
alcohol-use disorder events per 1000 epi-
sodes; Figure 1). Among young men who
had recently crossed the MLDA threshold,
there was a significant 15.3% increase in
alcohol-use disorder events in relation to the
corresponding rate among young men still
under MLDA restrictions (Figure B, available
as a supplement to the online version of
this article at http://www.ajph.org), but
the increase among young women was not
significant.

The overall rate of assault events among
youths slightly older than the MLDA rose
by approximately 7.9% relative to youths
slightly younger than the MLDA (Figure 1).
Assault events increased significantly for
both genders: 8.3% among young men
(Figure B) and 8.1% among young women
(Figure C, available as a supplement to the online
version of this article at http://www.ajph.org).

In comparison with youths still under MLDA
restrictions, youths who had crossed the MLDA
threshold showed a 51.8% increase in events
classified as suicides related to alcohol (the
pre-MLDA baseline rate was 0.2 events per
1000 episodes; Figure 1). It is important to
note that young women who had just crossed

Note. MLDA = minimum legal drinking age.

FIGURE 1—Rates of hospital treatment for (a) appendicitis, (b) alcohol-use disorders, (c)

alcohol-related assaults, (d) alcohol-related motor vehicle accidents, (e) alcohol-related

suicides, and (f) alcohol-related external injuries Ontario, 2002–2007.
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the threshold of the MLDA showed a statisti-
cally significant increase of 91.8% in suicides
related to alcohol (relative to the pre-MLDA
baseline of 0.17 events per 1000 episodes;
Figure A); in contrast, no significant change was
found for young men (Figure B). Surprisingly,
no relationship was found between MVA
events and the MLDA transition (Figure 1).
Also, young men just older than the MLDA
exhibited a significant increase of 2.0% in
events included in the broad ICD-10 category
of external injuries (the baseline pre-MLDA
rate was 220 events per 1000 episodes; Figure
B), whereas no change was observed among
young women. Figure 2 summarizes the MLDA
effects across outcomes.

As noted, we also conducted local linear
regression analyses with varying band-
widths to evaluate the reliability of our find-
ings. The results showed that the optimal
bandwidth across our nonlinear models was
approximately 5, and, as a result, we con-
structed local linear models with bandwidths of
3, 5, 10, and 20 to assess the reliability of our
parametric models. In general, the nonpara-
metric models supported our primary linear
regression results.

In addition, we reiterated our primary para-
metric models with mock MLDA age cutoffs for
the aggregated data across provinces. For
example, we selected mock MLDAs of 18 and
20 years (the Ontario MLDA is 19 years) and
reiterated our primary RD analyses. As
expected, we did not find any significant in-
creases at the specified MLDA in any of the
outcomes (data not shown).

Given the relatively small number of sui-
cides related to alcohol and the possibility that
our RD models were unduly influenced by
outliers in this outcome, we identified outliers
using a widely accepted strategy.27 We se-
lected quartile points in the distribution (Q1,
Q2, and Q3); calculated an interquartile range,
defined as Q1 to Q3; and then defined outliers
as those points extending beyond values at Q1
or Q3 farther than 150% of the interquartile
range. We removed these outliers from the
sensitivity analyses. Removal of outliers did not
affect the evidence of statistically significant
jumps immediately following the MLDA;
therefore, our final models included all avail-
able points.

We also included a secondary control con-
dition, asthma, as an outcome. We found that it

was smoothly distributed across the MLDA
transition for both young men and young
women, as expected; however, in the combined
sample there was some evidence of a very
modest but statistically significant increase
appearing directly after the MLDA threshold
(data not shown).

Given the unexpected null results regarding
our MVA outcomes, we conducted sensitivity
RD analyses on MVA data found in the
2002 through 2007 Ontario inpatient-only
records. The results demonstrated no evidence
of a significant jump in MVAs immediately
following the MLDA.

DISCUSSION

We found that young adults making the
transition across the MLDA had significant
increases in serious alcohol-related inpatient
and emergency department events for
alcohol-use disorders, suicides related to alco-
hol, and assaults. In addition, young men had
significant jumps in hospital-based episodes for
a broad class of injury conditions. Given that
the major assumptions of our RD approach
were met, this analytic approach can provide
reasonable estimates of the causal impact of
the MLDA on serious alcohol-related morbidity
in Ontario hospital settings.

Our findings demonstrated a significant
11% increase in inpatient and emergency
department admissions for alcohol-use disor-
ders among youths who had just crossed the
MLDA threshold. A large body of research
has consistently shown that removing the
strictures of MLDA legislation is associated
with elevated patterns of alcohol consumption,
especially heavy episodic drinking,2,28---31 as
well as sharp increases in inpatient hospital
events related to alcohol-use disorders or
poisoning.7 Previous RD analyses involving
statewide inpatient or emergency department
data from 5 US states (Arizona, New York,
Texas, New Jersey, and Wisconsin) revealed
significant and comparatively larger increases
in alcohol intoxication events (as defined in the
ICD-9) just after the threshold of the MLDA;
emergency department visits related to these
events rose by approximately 50%, and in-
patient hospitalizations increased by 26%.32

Given the evidence from previous research
that excessive alcohol consumption can
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influence suicidal behavior among young peo-
ple through a number of causal mechanisms,
increases in alcohol consumption among young
adults may lead to increases in suicide-related
events at the population level.33---35 Previous
US-based work comparing states with different
MLDAs showed that lower MLDAs were
associated with increases in completed suicides
of approximately 8% to 10%,36,37 and an
RD study in which national US death certificate
data were used revealed a 16% rise in suicide
deaths at the age of 21 years, the legislated
MLDA in the United States.29

However, research examining the impact of
the MLDA on nonfatal suicide events has pro-
duced mixed results. Whereas our previous
Canadian RD study involving national inpa-
tient data revealed a 9.2% increase in
suicide-related hospital events among youths
who had just crossed the MLDA threshold,7 the
present Ontario-based study showed no evi-
dence of a significant jump in suicide outcomes
(defined broadly) just after the MLDA. How-
ever, we did find evidence of significant in-
creases in those relatively infrequent suicide
outcomes coded as directly resulting from
hazardous alcohol consumption, although the
relatively low numbers of these outcomes may
underpin the large effects shown in Figure 2.

In a similar way, Carpenter and Dobkin,
examining inpatient and emergency department
data from 5 US states, found no evidence of
statistically significant increases in nonfatal sui-
cide events at the transition across the MLDA.32

Although the data are limited, it is possible to
speculate that the MLDA has an impact on
patterns of completed suicides but more limited
or variable effects on nonfatal suicide-related
events treated in hospital settings.

We found that the transition across the
MLDA was associated with a significant 8%
increase in assault-related hospital events
among both young men and young women.
Many epidemiological studies have supported
strong theoretical and empirical links between
alcohol-use and assault-related injuries
among young people.38---43 In particular,
a US-based RD study showed that, in compar-
ison with youths just younger than the MLDA,
those who were just older exhibited an 11%
increase in assault-related visits to statewide
emergency department settings.32 Our
findings are in agreement with recent research

demonstrating that alcohol increases aggres-
sion across both genders, but much more so
among men.44 The current literature has
not, to our knowledge, addressed how
alcohol-related legislation might affect assault
victimization, and thus our study contributes
important initial estimates of the impact of
MLDA policies on population-level assault rates.

Previous work has provided evidence sup-
porting the causal link between alcohol con-
sumption and injuries,45,46 including those
resulting from MVAs.2,4,5 Although we found
significantly increased rates of a broad class
of injuries occurring immediately after the
MLDA among young men, we were surprised
that our results did not show evidence of
significant upward discontinuities in injuries
due to MVAs. The present findings are in-
consistent with our previous work (based on
comprehensive 1996---2006 Canadian inpa-
tient data) demonstrating that young men
exhibited a 9.2% increase in national MVA
inpatient hospital events immediately after the
MLDA,7 as well as the conclusions of reviews
in this area.2,5

One possible explanation for our null results
is the relatively low incidence of driving after
drinking among college-aged young people
in Ontario, where the prevalence of this risk
behavior is the lowest in Canada (students
from Ontario are at half the risk of alcohol-
impaired driving relative to students from
other regions of Canada) and also much lower
than that reported among college students
in the United States. For example, in 2004,
4.4% of Ontario university students reported
“driving after drinking too much” in the pre-
ceding year,39 whereas a much larger percentage
(20% to 34%) of their US college counterparts
indicated “drinking and driving under the in-
fluence of alcohol” or driving “while drunk or
intoxicated” in the preceding year.38,47

Limitations

Our study involved a number of limitations.
For example, our approach captured only
those alcohol-related events that resulted in
hospital-based care. In addition, even though
our study took place in a setting with universal
health care, it is possible that underage
youths avoided hospital-based medical atten-
tion because of a fear of legal consequences.
However, in Ontario, inpatient and emergency

department services are not closely aligned
with enforcement services, and it seems un-
likely that such avoidance would be prominent
enough to affect our results.

In our RD design, we assumed that all
observed and unobserved variables that might
influence the outcomes were smoothly distrib-
uted across the age cutoff. Given the very
limited nature of the variables contained in
the medical records, we were not able to assess
this assumption in a meaningful way. As
a result, it is important to acknowledge that
variables unaccounted for in our analyses
could have influenced our results, especially
variables differentially influencing individuals
on either side of the MLDA threshold.

Conclusions

MLDA legislation stands as a central com-
ponent in youth alcohol control policies not
only in Canada but worldwide. As a result, it
is critical to understand the impact of this
legislation on the full spectrum of alcohol-
related morbidity and mortality. Our study
demonstrates that significant and abrupt in-
creases in alcohol-use disorders, assault vic-
timization, and suicides (entirely attributable
to alcohol) occur immediately after the
MLDA. In addition, young men making the
transition across the MLDA exhibit significant
increases in hospital-based episodes for a broad
class of injuries.

Given the ongoing international debates
about the MLDA, our study makes an impor-
tant contribution by providing comprehensive,
population-based estimates of the impact of
the MLDA on serious and costly alcohol-
related health service use in hospital settings.
Future studies can draw on our RD approach
to assess the effects of the MLDA across various
settings and can use our estimates to inform
cost-benefit analyses across different MLDA
scenarios. j
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