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Abstract
Background—National population data on risk of alcohol-related injury or driving while
intoxicated (DWI) are scarce.

Objective—The association of alcohol-related injury and perceived DWI (PDWI) with both volume
and pattern of consumption are examined in a merged sample of respondents from the 2000 and 2005
National Alcohol Surveys using risk function analysis.

Methods—Self reported consumption patterns on 8,736 respondents who consumed at least one
drink in the last 12 months were assessed as average daily volume and frequency of consuming 5 or
more (5+) , 8 or more (8+) and 12 or more (12+) drinks in a day. Risks were defined using CHAID
segmentation analysis implemented with SPSS Answer Tree.

Results—For alcohol-related injury (n=110), those most at risk drank at lower volumes with some
high maximum occasions, or at higher volumes, where high maximum occasions had little added
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effect. Risk was highest for those reporting more than 6 drinks per day (9.7%). For DWI (n=696),
those most at risk drank at higher volumes and with a greater number of high maximum occasions.
Risk was highest for those reporting more than 6 drinks per day and more than one 8+ occasion
during the last year (39%).

Conclusions—Overall risk appears to increase with increasing volume, but at a given volume
level, risk also increases with frequency of high maximum occasions. These data lend relatively weak
support for previous findings suggesting that less frequent drinkers who only occasionally consume
larger quantities may be at greater risk, and any alcohol consumption appears to carry some risk of
these harms.

INTRODUCTION
Although a well-documented literature has established the association of alcohol consumption
with both fatal and non-fatal injuries (1,2), less is known about the level of risk at which various
drinking patterns or quantities per occasion place the individual for alcohol-related harm
including injuries, and particularly, non-vehicular injury. While the amount of drinking on any
particular occasion may be an important risk factor for alcohol-related harm, pattern of drinking
may also play an important part in risk, and the interaction between average volume and heavy
drinking occasions has generally not been examined. Prior research suggests this as an
important area of study.

A study of injuries related to vehicular crashes found men with higher blood alcohol levels
(BAL)s were more likely to be frequent heavier drinkers, and to drink to intoxication more
frequently, than those with negative BALs (3); however another study of crash-involved drivers
found more frequent drinkers to be at lower risk than less frequent drinkers at all blood alcohol
levels (4), #4314]. A study of drinking and driving found the highest risk of injury was
associated with those who only occasionally drank heavily but who drank more than their usual
amounts at the time (5,6), suggesting heavy episodic drinking may be more strongly related to
injury than volume of drinking, and usual drinking patterns may moderate the association
between acute intake and injury. Data from an emergency room (ER) study for all causes of
injury found that while risk of injury increased with volume of drinking, heavy episodic
drinking, and drinking in the 24 hours preceding the event, controlling for drinking in the
preceding 24 hours, high volume drinkers were at a lower risk of injury than low volume
drinkers, suggesting that those who usually drank little but on occasion drank heavily were at
greatest risk (7). A meta-analysis of alcohol-related injury across seven countries also found
among non heavy drinkers, frequency of drinking had the largest effect size, although heavy
drinking, controlling for frequency, was also significant (8).

A recent risk function analysis of ER data from seven countries (including ten ERs in the U.S.)
on injury related to average daily volume of consumption and the number of occasions in which
five or more drinks were consumed at one time (5+days) during the last year, found risk of
injury increased proportionally with increased alcohol consumption, but a threshold effect was
achieved at relatively low levels of mean daily consumption and higher consumption times,
possibly indicative of developed tolerance on the part of heavier drinkers (9). Studies of alcohol
and injury conducted in ERs, however, have found ER patients more likely to be frequent heavy
drinkers than those in the general population from which they come (10). Injured patients
seeking treatment in an ER have also been found to be heavier drinkers than injured patients
seeking other kinds of treatment or no treatment (11), both of which raise the question as to
the representativeness of data on risk of injury from drinking based on studies of ER patients.

Risk function analyses in the U.S. general population found risk of injury suggested a “j-
shaped” curve with risk lower for those averaging from 2 to 3/4 drinks per day compared to
those averaging less (12), while risk of injury and driving while intoxicated were both found
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to increase at relatively low levels of consumption (as little as one drink per day) [Cherpitel
and Ye, 2009; Midanik, et al., 1996). Neither of these analyses examined the combined effects
of volume and frequency of high maximum occasions.

Given the available research, relatively little is known about the types of drinkers most likely
to incur alcohol-related harm. Are they drinkers who usually drink heavily or heavy episodic
(binge) drinkers? Are light drinkers more prone to injury than heavy drinkers at the same levels
of acute alcohol intake? Answers to these questions are important for contributing to a better
understanding of the association of alcohol and related harms and will inform brief intervention
and prevention efforts to reduce alcohol-related consequences.

Analyses proposed here address this gap. To examine the association of two alcohol-related
events, alcohol-related injury and perceived driving while intoxicated, with both volume and
pattern of consumption in the U.S. general population, findings are reported here from a risk
function analysis of data from a merged sample of the 2000 and 2005 National Alcohol Surveys.
Reporting an alcohol-related injury and reporting perceived driving while intoxicated (PDWI)
during the last year are each described as a function of the average number of drinks consumed
per day (daily volume), and the frequency of consuming five or more drinks (5+ days), eight
or more drinks (8+) and 12 or more drinks (12+) on a single day.

METHODS
Data collection

Data analyzed are from the Alcohol Research Group’s 2000 and 2005 National Alcohol
Surveys (NASs). Fieldwork for the 2000 surveys was sub-contracted to the Institute for Survey
Research at Temple University, while fieldwork for the 2005 survey was sub-contracted to
DataStat, Inc. Data for both surveys were collected using Random Digit Dial (RDD) Computer
Assisted Telephone Interviews (CATI) of the U.S. general population 18 and over in all 50
U.S. states and the District, with an over-sampling of blacks and Hispanics, and an over-sample
of the 13 low-population states. Completed interviews were obtained on 7612 respondents in
the 2000 survey, representing a 58% completion rate, and on 6919 respondents in the 2005
survey, representing a 56% completion rate (rates which have been considered acceptable for
telephone surveys [Frey, 1989 #3740]). Non-response in all three surveys was due to refusals,
incapacitation, language barriers and failure to establish contact. Hispanic respondents were
given a choice of being interviewed in English or in Spanish, with bilingual interviewers.

Instruments
Interviews were conducted with informed consent once contact had been made with the
respondent by trained interviewers using a structured interview schedule of about 45 minutes
in length.

Alcohol-related injury and perceived driving while intoxicated—Respondents were
asked, among other items, whether they had had an injury during the last year for which they
thought about getting treatment, regardless of whether they actually did so, and if so, whether
they had consumed any alcoholic beverages within six hours before their most recent injury.
Those who answered yes to both questions are defined as having an alcohol-related injury.
Separately, respondents were asked in the last year, “have you driven in a car when you had
drunk enough to be in trouble if the police had stopped you?” Those giving positive answers
were defined as perceived driving while intoxicated.

Volume of consumption—Volume of alcohol consumption was calculated from the
frequency of wine, beer and spirits consumption, separately and the relative distribution of
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consuming 1–2 drinks, 3–4 drinks and 5+ drinks for each beverage type. The beverage-specific
volume was also adjusted for estimated drink-size alcohol content by beverage type and
context, using data from methodological studies of drink-size alcohol content for both home
(13,14) and for on-premise drinks (15). In order to maintain the information contained in the
continuous volume variable, and at the same time make sure the cut-points derived from
segmentation analysis were substantially meaningful, individuals were classified into 31
categories (e.g. ≤ 0.5 drinks/month, 0.5–1/month, 1–1.5/month, to 90–120/month, 120–180/
month and >180 drinks/month), with each group having a sufficient sample size (n>150 for all
groups except for two groups of about 125).

Heavy drinking pattern—Respondents were also asked a series of graduated frequency
(GF) questions to estimate frequency of drinking all beverage-types combined in successively
lower amount-per-day intervals, in which drinking frequency of 12+, 8–11, 5–7, 3–4, and 1–
2 drinks per day, in that order, were assessed. Seven discrete choices on a frequency continuum
ranged from “every day or nearly every day” and “3–4 times a week” at the higher end, to “less
than once a month”, “once in the last year” and “never in the last year” at the lower end. The
GF approach was developed to measure not only the volume of consumption, but also heavy
drinking and drinking pattern variation (16). This approach has been validated against drinking
diary data (17) and has been recommended for use in the international monitoring of
consumption survey (18).

Three measures of heavy drinking were derived from the GF series for segmentation analysis:
frequency of 12+, 8+ and 5+. The frequency of 8+ was a combination of 8–11 and 12+ in the
GF series, while frequency of 5+ was created from 5–7, 8–11 and 12+ in the GF series. For
example, taking frequency of 5+, the midpoints of the three categories (5–7, 8–11, 12+) was
summed for a quasi-continuous measure of 5+ frequency. The derived three measures of 5+,
8+ and 12+ frequencies were then classified into five categories: never in the last year, once
last year, < monthly, at least monthly but less than weekly, and at least weekly. These 5-
category 5+, 8+ and 12+ variables were then used in the segmentation analysis as measures of
heavy drinking pattern. Note that the three variables were not mutual exclusive, so 5+ might
include 8+ and 8+ might include 12+.

Data Analysis
Data on the risk of reporting an alcohol-related injury or perceived driving while intoxicated
based on average daily volume and frequency of consuming 5+, 8+ and 12+ drinks per day are
analyzed on respondents who consumed at least one drink in the last 12 months (current
drinkers). Data were weighted to adjust for the probability of selection (number of households,
multiple phone lines and adult residents in households), and non-response. Post-stratification
weights were also used to map sample respondents with the US adult (18+) population
proportions of ethnicity by region by age by gender groups, and within Hispanics by country
of birth. In the combined 2000 and 2005 NAS data, 8,886 respondents were current drinkers.
Excluding those missing on the outcome variables and on the volume and heavy drinking
measures, final Ns are 8,689 for analysis of alcohol-related injury and 8,656 for analysis of
perceived driving while intoxicated, separately.

Segmentation analaysis was performed using Chi-square Automatic Interaction Detection
(CHAID) as implemented in SPSS’s AnswerTree (19,20). CHAID is a tool for “tree
growing” (21) in which independent variables are selected sequentially in terms of prediction
of the outcome, with each level of selection built upon the level above. In our analysis, the
level one predictor is forced to be the volume measure. At this first stage, CHAID estimates
the rates of outcome within each volume category (31 categories altogether) and statistically
compares them with rates in neighboring volume categories. Only adjacent volume
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comparisons were considered. If one or more of these tests resulted in non-significant
differences (p>0.05) in outcome rates between categories, CHAID merged the volume
categories (combining individuals into a single group with a wider volume range). This process
was repeated until outcome rates in all remaining adjacent volume categories differ
significantly (final categorization). At level-two, the selection of heavy drinking predictors
was performed under each volume group generated at level-one. While the testing and merging
of categories was the same as described above in level-one, the heavy drinking variable which
achieved the best split (smallest p value from Chi-square testing) was chosen from the three
heavy drinking measures (5+, 8+, 12+). Similarly, a level-three segmentation was performed
subsequent to level-two and based on the derived level-two groups. Segmentation analysis was
restricted to three levels only, since further splitting becomes substantially less meaningful as
well as empirically unavailable.

RESULTS
Predicting alcohol-related injury

Among the 8,689 current drinkers, 110 reported an alcohol-related injury during the last year,
representing 1.4% (weighted) of the total current drinker sample.

The results of segmentation analysis are shown in Table 1. The first three columns show the
three levels from segmentation analysis with volume groups at level one and heavy drinking
pattern groups at levels two and three. Altogether five distinct volume groups were generated
from the original 31 volume categories and the first two volume groups were further split by
heavy drinking pattern variables. While level three is displayed as part of Table 1, CHAID
stopped “tree growing” at level two for the first two volume groups. Also as shown in Table
1, there was no split by any heavy drinking measure in the three highest volume groups, leaving
levels two and three empty for these groups.

The first volume group (≤ 15 drinks/month) was split into three groups by 5+ frequency: never
5+, 5+ once during last year, and 5+ > once during last year. The corresponding rates of alcohol-
related injury in three groups were: 0.2%, 2.9%, 0.6%, respectively (weighted %), with the
group of “5+ only once” exhibiting the highest rate. While the three level two sub-groups all
belonged to the same level one volume category, differences were observed in mean volume
across sub-groups, averaging 4, 6 and 8 drinks per month, respectively (last column of Table
1). 5+ was again the heavy drinking threshold measure for the next volume group (>15 – ≤60
drinks/month), which was split into two groups: 5+ < once last year and 5+ > once last year.
The two groups had rates of alcohol-related injury of 0.8% and 3.7%, respectively, but little
difference was observed in the corresponding average volume of 31 and 35 drinks per month.
As described earlier, the next three volume groups (>60 – ≤70 drinks/month, >70 – ≤180 drinks/
month and >180 drinks/month) were not further split by any heavy drinking threshold measures
and had rates of alcoholrelated injury of 0.6%, 3.0% and 9.7%, respectively.

Predicting perceived driving while intoxicated (PDWI)
Among the 8,656 current drinkers, 696 reported PDWI at least once during the last year,
representing 8.2% (weighted) of the total current drinker sample.

Table 2 exhibits the results from segmentation analysis predicting PDWI. The original 31
volume categories were first collapsed into 9 volume groups. In contrast to alcohol-related
injury, all high volume groups were split further by heavy drinking threshold measures, while
two of the three lowest volume groups stopped “tree growing” at level one. These two volume
groups were ≤ 2 drinks/month and >3 – ≤3.5 drinks/month, with PDWI rates of 0.2% for both.
The volume group in between (>2 – ≤3 drinks/month) was split by never 5+ and any 5+. This
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heavy drinking threshold significantly differentiated this volume group in PDWI, with
corresponding rates of 0.9% and 8.0%, but average monthly volume was similar at 3 drinks
per month across the two sub-groups. Never 5+ and any 5+ last year was also the heavy drinking
threshold measure for the fourth and fifth volume groups (>3.5 – ≤6 and > 6 – ≤17.5 drinks/
month). For the latter group, any 5+ was further split by never and any 8+, making a 3-way
split for that volume level. For each volume group, large differences in PDWI were observed
across sub-groups generated from heavy drinking thresholds. For example, in volume group
>3.5 – ≤6 drinks/month, never and any 5+ corresponded to PDWI rates of 0.7% and 8.2%.
Similarly for volume group >6 – ≤ 7.5 drinks/month, respondents in never 5+, any 5+ but never
8+ and any 8+ reported the PDWI rates of 2.6%, 8.0% and 16.0%, respectively. While heavy
drinking threshold measures successfully differentiated the PDWI rates within these two
volume groups, no difference in average monthly volume was found across the sub-groups, as
shown in the last volume of Table 2.

Moving forward to higher volume groups, heavy drinking threshold measures also performed
well in segmenting the next two volume groups. Volume >17.5 – ≤30 drinks/month was split
by 5+ < once and 5+ > once, correspond to PDWI rates of 4.9% and 17.0%. Volume >30 – ≤
52.5 drinks/month was first split by never 5+ and any 5+, which was further split at level 3 by
12+ ≤ once and 12+ > once, with correspondent PDWI rates across three sub-groups of 5.6%,
20.5% and 34.3%. Complicated sub-groups were generated from CHAID for volume >52.5 –
≤180 drinks/month. Combing the two levels of heavy drinking threshold measures (levels 2
and 3), the five derived subgroups are never 5+, 5+ < monthly, 5+ at least monthly but 8+ ≤
once, 5+ at least monthly and 8+ < weekly but > once, 8+ at least weekly, with corresponding
PDWI rates 6.1%, 20.2%, 18.9%, 39.1% and 28.3%, not a strictly monotonic relationship as
observed in the adjacent lower volume category. The highest volume (>180 drinks/month) was
split by 8+ ≤ once and 8+ > once, with PDWI rates 11.9% and 39.2%. In comparison to other
volume groups, the two sub-groups within this highest volume level had very large difference
in average monthly volume: 272 and 371 drinks, respectively.

DISCUSSION
The two alcohol-related events, alcohol-related injury and perceived driving while intoxicated,
appeared to have different risk relations associated with average volume of consumption and
heavy drinking pattern.

At lower average volume levels of consumption (< 4 drinks per week), a larger proportion who
reported infrequent 5+ occasions were more likely to report an alcohol-related injury (2.9%),
compared to those reporting more frequent 5+ occasions (.6%), which suggests that those less
frequent drinkers who only occasionally consume larger quantities may be at greater risk. For
those drinking up to one drink daily, 5 + occasions also increased the likelihood of reporting
an alcohol-related injury (3.7%); however, at higher average volume levels, 5+ drinking did
not play a role in the likelihood of reporting an alcohol-related injury and only the average
monthly volume was predictive, with risk of injury highest for those reporting more than 6
drinks on a daily average (9.7%).

Risk for reporting perceived driving while intoxicated appeared to increase with any 5+
occasions for those reporting a lower average monthly volume. At higher volume levels, risk
increased in relation to the frequency of reporting 8+ and 12+ occasion, with nearly 40% of
those drinking an average of more than 6 drinks per day and reporting more than one 8 +
occasion also reporting PDWI. While those reporting a smaller monthly average volume with
some 8+ occasions also had a similar risk, but at this same volume level those reporting 8+
occasions at least weekly were at somewhat decreased risk (28%), possibly due to the inability
to drive at all when consuming 8 or more drinks on occasion.
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These data suggest that both frequency of drinking and high maximum occasions play a part
in risk of alcohol-related injury and perceived driving while intoxicated, with those reporting
infrequent drinking and/or no high maximum occasions at lowest risk for either alcohol-related
event.

Risk relationships with volume and heavy drinking patterns may have differed between these
two alcohol-related events due to alcohol’s direct involvement in the event. We defined an
alcohol-related injury as one in which the respondent reported drinking within 6 hours prior to
the event, but one or two drinks five or six hours prior to the injury may have had little causal
effect on injury occurrence, and volume and heavy drinking predictors found in CHAID
analysis may be predicting the likelihood of drinking within any 6-hour period rather than
drinking which is causally related to an injury event. Among the 110 patients who reported
drinking and were included in the analysis, only a third reported that the injury was causally
related to their drinking. On the other hand, alcohol would appear to be more directly related
to an event in which the individual perceives having had enough to drink to be in trouble if
stopped by the police.

As mentioned earlier, a prior risk function analysis of alcohol and injury in the U.S. general
population found risk of injury lower for those averaging from 2 to 3/4 drinks per day compared
to those averaging less (12). An injury and an alcohol related injury cannot be considered to
be the same, and the data here do not support a “j-shaped” association for alcohol-related injury
as previously found for injury. Additionally, injuries included in these analyses are only those
for which the respondent reported drinking at the time, and those having more minor injuries
may be less likely to recall whether or not they had been drinking at the time. Injuries included
here, then, may be those considered more serious, and are not representative of all injuries in
this population. It should also be noted that risk of injury in these analyses was examined across
all causes of injury, and alcohol is known to have a greater association with some kinds of
injuries than with others; e.g., motor vehicular accidents (22) and injuries resulting from
violence (23). Future research of alcohol-related injury in general population samples should
explore risk by individual causes of injury.

A risk analysis of drinking and driving in the U.S. general population found a different
distribution of risk with volume of alcohol consumption for frequency of drinking and driving
in the last year compared to a dichotomous indicator of drinking and driving – the dichotomous
occurrence indicator tended to overestimate risk at intermediate volume levels, but
underestimate risk at high volume levels (24). Frequency during the last year of the health-
related harms analyzed here, likewise, may also have resulted in different study findings of
risk related to volume and heavy drinking. Additionally perception of risk may also be related
to beverage type. A prior analysis of drinking and driving in the U.S. general population found
that beer consumption was strongly related to an underestimate of risk perception (24).

Some limitations apply to definitions used here for an alcohol-related injury and for driving
while intoxicated. Drinking reported within six hours prior to an injury does not necessarily
mean that alcohol was present at the time of the event, and, as noted above, among those who
reported drinking in this sample, only a third reported that the injury was casually related to
their alcohol consumption. However, prior research in emergency rooms has found that the
vast majority of those reporting drinking prior to the injury report less than an hour time lapse
between the last drink and the event (25) and large percents who report drinking during this
time do attribute a causal association of their drinking with the event (26,27). Additionally, a
number of variables can impact an individual’s perceiving that they had had enough to drink
to be in trouble if stopped by the police when driving. As noted above, a prior study in the U.S.
general population found that individuals underestimated beer’s intoxicating effects compared
to other alcoholic beverage types (24), and other factors may also contribute to underestimation,
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as well. For example, those most tolerant to alcohol’s effects also likely underestimated
perceived risk, and only those really heavy drinkers may perceive they would have had enough
to be in trouble if stopped. These limitations in the two alcohol-related events analyzed here
may have impacted study findings which could have differed if more objective measures of
alcohol-related injury (e.g., estimated blood alcohol at the time of the event) or of perceived
driving while intoxicated (e.g., DWI arrest) had been analyzed instead.

Despite the limitations, however, risk of these health harms appear to be related to both average
volume consumed as well as to heavy drinking pattern, controlling for volume, with those most
at risk for PDWI drinking at higher volumes and with a greater number of high maximum
occasions, while those most at risk for alcohol-related injury drinking at lower volumes with
high maximum occasions, or drinking at higher volumes, where high maximum occasions have
little added effect. Overall risk appears to increase with increasing volume, but at a given
volume level, risk also increases with frequency of high maximum occasions. These data lend
relatively weak support for previous findings suggesting that less frequent drinkers who only
occasionally consume larger quantities may be at greater risk (Gmel, et al., 2006), and any
alcohol consumption appears to carry some risk of these harms.
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