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ABSTRACT. Objective: The purpose of this study was to examine
the relations between drinking (mean quantity and heavy drinking pat-
terns) and alcohol use disorders (AUDs) in the U.S. general population.
Method: Data from three telephone National Alcohol Surveys (in 2000,
2005, and 2010) were pooled, with separate analyses for men and women
restricted to current drinkers (ns = 5,922 men, 6,270 women). Predictors
were 12-month volume (mean drinks per day), rates of heavy drinking
(5+/4+ drinks in a day for men/women), and very heavy drinking (8+,
12+, and 24+ drinks in a day). Outcomes were negative alcohol-related
consequences constituting abuse (1+ of 4 DSM-IV—-based domains as-
sessed by 13 items) and alcohol dependence (symptoms in 3+ of 7 DSM-
IV-based domains), together taken to indicate an AUD. Segmentation
analyses were used to model risks of problem outcomes from drinking

patterns separately by gender. Results: In the general population, men
and women who consumed <1 drink/day on average with no heavy drink-
ing days did not incur substantial risks of an AUD (<10%). Men who
drank from 1 to 2 drinks/day on average but never 5+ incurred a 16%
risk of reporting an AUD (3.5% alcohol dependence). At higher volumes,
men and women who indicated higher rates of drinking larger amounts
per day and/or involving 8+ and 12+ drinks/day (and even 24+ drinks/
day for men) showed much higher risks of experiencing AUDs. Con-
clusions: The findings provide quantitative guidance for primary care
practitioners who wish to make population-based recommendations to
patients who might benefit by reducing both overall intake and amounts
per occasion in an effort to lower their risks of developing AUDs. (J
Stud. Alcohol Drugs, 75, 319-327,2014)

OW-RISK OR “MODERATE” DRINKING guidelines

for the U.S. general population (Bradley et al., 1993;
Dufour, 2001; Rehm and Bondy, 1996) have been based
on expert opinions (Dietary Guidelines Advisory Commit-
tee, 2000) and limited empirical findings (Dawson, 2000;
Dawson et al., 2012). These include the U.S. Department of
Agriculture’s (USDA’) Dietary Guidelines (USDA, 2005;
USDA and U.S. Department of Health and Human Ser-
vices, 2010) and the National Institute on Alcoholism and
Alcohol Abuse’s (NIAAA’s) updated Rethinking Drinking
(NIAAA, 2009) (men’s weekly amount <14 drinks, <4 drinks
in a day; women’s weekly amount <7 drinks, <3 drinks in
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a day). These guidelines emphasize recommendations for
the general public or patients seen in general practice. The
present study was intended to inform the discussion of low-
risk drinking guidelines for the adult population as a whole,
going beyond the emphasis on drinking patterns defined by
the 5+ (men) and 4+ (women) thresholds.

Because the same average volume (mean drinks per day
in the reference period) may be obtained by either “massed”
or “spaced” drinking (Cahalan and Cisin, 1968), measures of
heavy drinking have long helped to define drinking patterns.
Average intake can result from a few high-quantity occasions
(heavy episodic drinking) or many days of lighter “spaced”
drinking (Cahalan et al., 1969).
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Although other levels of intake (e.g., 8+ drinks/occasion)
have also been considered as problem-drinking indicators
(Knupfer, 1984), epidemiological studies have converged on
5+ drinking on an occasion (or alternately, in a day) as a risk
measure because it is associated with many harms (Green-
field, 1998; Rehm et al., 1996; World Health Organization,
2000). The number of 5+ drinking days is strongly associat-
ed with nonfatal injury (Cherpitel et al., 1995), drinking and
driving (Greenfield and Rogers, 1999a), arguments and fights
(Nyaronga et al., 2009), and criminal behavior (Greenfield,
1998), as well as morbidity (Greenfield, 2001) and mortality
(Rehm et al., 2006). Even chronic harms, such as alcohol
dependence (Caetano et al., 1997), show a dose—response
relationship with 5+ drinking days.

However, for drinkers with high average volume, 5+ does
not adequately distinguish massed versus spaced drinking
patterns, because people with high volumes report this daily
amount frequently. Indeed, in clinical samples, this is the
rule rather than the exception. Measuring the maximum
quantity consumed (Greenfield et al., 2006) better distin-
guishes massed versus spaced patterns among high-volume
groups, as well as low-volume groups (Greenfield and Kerr,
2008). Greenfield (1986) found that, even for heavy drinkers
at a given volume, those with a higher maximum show more
alcohol-related problems than do more-frequent but lower
maximum drinkers. Maximum consumption has appeared as
an outcome measure in clinical trials and as a phenotype for
genetic studies (Malone et al., 2002; Saccone et al., 2000).

A promising method of measuring consumption patterns,
the graduated-frequency (GF) approach (Greenfield, 2000),
both assesses maximum consumption and provides the fre-
quency of drinking at various quantity levels. Standardized
since 1990 (Room, 1990) in the 5-yearly National Alcohol
Survey, GF has been validated through comparison with
drinking diaries (Greenfield et al., 2009; Hilton, 1989) and
recommended by international expert groups (Dawson and
Room, 2000; World Health Organization, 2000). It captures
unusually large—not just typical-—quantities and therefore
better identifies risks for acute and chronic alcohol problems
(Rehm et al., 1999).

The present study used U.S. general population data to
estimate the risks of current (past-12-month) DSM-IV al-
cohol abuse and dependence (together, alcohol use disorder
[AUD]) among current-drinker subgroups that differed on
average volume and maximum number of drinks in a day.
We hypothesized that, at higher volumes, higher quantity
cutoffs and more-frequent heavy drinking would distinguish
risks of alcohol dependence and AUD. One aim was to com-
pare the risk levels in the empirically derived subgroups of
individuals in the spectrum of drinking levels, defined both
by mean volume and by frequencies of drinking at each of a
series of amount-per-day levels (i.e., 5+, 8+, etc., based on
the GF measure). In addition, we anticipated gender differ-
ences (Keyes et al., 2008).

Method
Study samples

We pooled data from three National Alcohol Surveys with
needed, nearly identical survey items: the 2000 National Al-
cohol Survey (N10; n = 7,612), the 2005 National Alcohol
Survey (N11; n = 6,919), and the 2010 National Alcohol
Survey (N12; n = 6,855). All telephone interviews were
gathered with informed consent. This yielded 12,980 cur-
rent drinkers (zs for analyses vary based on complete data).
Although the percentages given are weighted, unweighted
ns are given in tables. Details on the survey methods are
provided in Kerr et al. (2006) and Korcha et al. (2013).

Variables

Heavy-alcohol-consumption variables. Twelve-month
estimates of the frequency of heavy drinking at several
levels were ascertained from the GF measure (Greenfield,
2000; Greenfield and Rogers, 1999b; Hilton, 1989). The
GF yields a combined-beverage quantity—frequency series
with up to six quantity levels. NIAAA (1995, 2005, 2009)
defines heavy episodic drinking as >4 drinks/day for men
and >3 drinks/day for women, which we ascertained. For
both genders, frequencies of 8+ and 12+ drinks in a day were
also available from the GF. Note that frequency categories
for these quantity levels are not mutually exclusive (e.g., re-
spondents reporting 12+ drinks/day at least monthly are also
8+ monthly drinkers). See Greenfield (2000) for additional
details.

Indicators of drinking patterns were frequencies of drink-
ing in three categorical threshold levels—12+, 8+, and 5+
(4+ for women) drinks in a day—each with four frequency
levels: (a) never (in prior 12 months), (b) at least yearly but
less than monthly, (¢) monthly but less than weekly, and (d)
weekly or more often; 24+ drinks (from the maximum) was
retained as yearly or not. Because preliminary analyses indi-
cated no empirical distinctions between at least weekly and
at least monthly, final analyses used a three-level partition of
frequency: never (in the last 12 months), at least yearly but
less than monthly, and at least monthly.

Outcomes: Alcohol use disorders (alcohol dependence
and abuse). Alcohol dependence (12 months) was assessed
using seven symptom subscales of 2—4 items each, totaling
17 items (Caetano and Greenfield, 1997). Alcohol depen-
dence required any symptom in each of three or more of the
seven areas identified, consistent with the DSM-IV diagnosis
(American Psychiatric Association, 2000).

Alcohol abuse was defined using the standard one or
more 12-month alcohol-related consequences involving
workplace problems (three items), trouble with the law (three
items), aggression and interpersonal problems (four items),
and drunk driving and accidents (three items) (Greenfield



GREENFIELD ET AL. 321

et al., 2002; Midanik and Greenfield, 2000). Item content
was reflective of the DSM-IV definition of alcohol abuse
(significant drinking-related failure to fulfill major obliga-
tions at work, school, or home; interpersonal problems;
legal problems; and drinking in hazardous situations). In
the present analysis, as in the DSM-IV, alcohol dependence
took precedence, and we treated (a) dependence only and (b)
dependence or abuse (AUD) as outcomes.

Analysis

Segmentation analyses. To investigate how rates of depen-
dence diagnoses and/or abuse varied with drinking pattern,
we used a segmentation technique that partitions the sample
into multiple groups using the set of drinking measures.
The categorical-analysis strategy maximizes differences in
prevalence of the outcome and selects significantly different
groups. The average volume of consumption was categorized
with nine logically chosen initial levels.

Segmentation analyses used CHAID (Chi-squared Au-
tomatic Interaction Detector) implemented in AnswerTree
(SPSS Inc., 2001a, 2001b), a tool for “tree growing” (Kass,
1980), successfully used in earlier alcohol studies (Green-
field, 1997). In addition, as an exploratory tool, the method
has also been widely used in recent years for survey weight-
ing adjustment (Wun et al., 2007). The CHAID algorithm
examines the relationship between an outcome variable and
a series of predictors and their interactions, thus progres-
sively splitting a data set via a classification-tree structure by
choosing from a set of specified variables, the one maximiz-
ing a chi-square criterion in each split. A Bonferroni-type
adjustment is used to correct for the number of different
ways a single predictor can be split. This is a suitable strat-
egy for determining empirically separable drinking patterns
ordered by risk outcomes, in this case quantifying the likeli-
hood, for each pattern, of experiencing alcohol dependence
or AUD.

Current analyses were conducted separately by gender.
Two outcome variables were considered in separate analy-
ses: (a) DSM-IV alcohol dependence and (b) dependence or
abuse (i.e., AUD).

(A) Lever 1 seemenTaTiON: Volume emerged as the first
segmentation variable. At Stage 1, CHAID estimates the
rate of the problem outcome within each volume category
and statistically compares it with rates in neighboring vol-
ume groups. If one or more of these comparisons resulted
in nonsignificant differences in rates, CHAID merged the
respective volume categories (combining groups to yield a
wider volume range, with no nonadjacent groups joined).
The process was repeated until outcome rates in all remain-
ing adjacent volume groups differed significantly (final cat-
egorization). Although separate analyses of the two outcome
variables (dependence and AUD) could result in different
segmentation of the volume variable, in our analyses there

were only small differences in the final volume segmenta-
tion for the two outcomes, differing somewhat for men
and women. Thus, a single, optimal partition solution was
chosen, primarily based on the dependence outcome, but
appropriate for AUD outcome as well, although each was
allowed to differ by gender.

(B) Lever 2 seemeNTaTiON. Conditional on the fewer
empirically distinct volume levels identified at Stage I,
drinking-pattern variables (frequency of 4+/5+, 8+, 12+
[for men and women], and 24+ [for men only]) were next
added to the segmentation. At Stage 2, CHAID selects the
most effectively discriminating pattern variable in regard to
the outcome (e.g., frequencies of 4+/5+, 8+, etc.), for each
remaining volume level, when a split is empirically viable.

(c¢) HIGHER LEVEL SEGMENTATIONS: Each node identified
in Level 2 was considered for further segmentation using
remaining pattern variables. Rates of the outcome variable
under consideration were estimated for each of the categories
of the remaining quantity threshold variables, and categories
were again merged for nonsignificant rates among adjacent
groups. The drinking-pattern variable chosen to partition
the specific volume subgroup under consideration is the
one with the smallest adjusted p value (£.05). Level 3 seg-
mentation could occur if a volume-pattern group could be
empirically split by a different pattern variable (e.g., for male
AUD, the <1 drink/week and 5+ yearly group was segmented
into never 8+ and at least yearly 8+). If no drinking-pattern
variable produced such an adjusted p value, then the volume-
pattern subgroup was not segmented further.

Results
Segmentation analysis

Tables 1 (men) and 2 (women) provide characteristics of
the resultant segmentation groups among current drinkers
in the population. For men (Table 1)—taking alcohol depen-
dence as the outcome but also displaying levels of AUD—in
the first two volume groups (those up to 1 drink/day), the
Level 2 empirical cut point was never versus ever consuming
5+ drinks in a day in the past 12 months.

In the lowest volume groups averaging <1 drink/week,
CHAID chose a two-pattern split, adding a Level 3 split
of any versus no prior-year 8+ days. Although this intake
volume is low, men who indicated heavy episodic drinking
at the 5+ threshold level (only) had significantly elevated
rates of alcohol dependence (0.9% vs. 0.3%) and especially
dependence or abuse (AUD): above 10% (weighted percent-
age). The effect was greater for the intermittent heavy drink-
ers having an 8+ maximum: about 6% alcohol dependence
and 15% AUD. Only 3% of men never reporting 5+ drinks
in any day last year met the criteria for an AUD. Thus,
among male current drinkers, even at low volume levels,
defining heavy drinking not only as 5+ days but also by the
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TaBLE 1. Volume and pattern segmentation analysis summary based on DSM-IV alcohol dependence for men?
Heavy Heavy Mean de
L L pend. Mean abuse and
Average drinking drinking % Mean % criteria counts depend. criteria counts
volume threshold threshold among  volume depend. (0-7) (0-11)
(in drinks) measure measure drinkers  (drinks/ % or
Level 1 Level 2 Level 3 n=>5922) week depend.  abuse All Pos.? Neg.b All Pos.© Neg.©
( ) ) ) ) P g g
No more than ~ Never 5+ - 304 0.3 0.3 3.0 0.06 3.97 0.05 0.09 1.91 0.04
1/week Any S5+¥** Never 8+ 3.5 0.5 0.9 10.3 0.25 4.00 0.21 0.35 222 0.14
Any 8+* 0.7 0.6 6.3 14.7 0.52 3.80 0.30 0.75 3.59 0.26
No more than Never 5+ - 17.0 2.9 1.1 6.0 0.13 4.54 0.08 0.20 2.26 0.07
1/day Any S5+¥*** Never 8+ 9.9 33 2.8 16.8 0.29 3.26 0.21 0.46 1.90 0.17
Any 8+%* 8.2 3.6 6.7 335 0.66 3.60 0.45 1.08 2.59 0.32
No more than 5+ <monthly - 8.9 9.8 2.8 17.0 0.34 391 0.24 0.54 2.44 0.15
2/day 5+ >monthly*** 8+ <monthly 2.8 10.3 43 39.8 0.54 4.19 0.38 1.01 2.33 0.14
8+ 2monthly** 2.1 9.7 134 49.8 1.09 3.75 0.67 1.65 2.83 0.48
No more than 8+ <monthly - 4.7 19.0 9.3 334 0.88 4.27 0.53 1.25 2.92 0.42
4/day 8+ >monthly*** 12+ <monthly 2.4 21.1 15.6 52.5 1.17 3.72 0.70 1.82 291 0.61
12+ >monthly** 1.2 21.0 33.9 70.0 1.84 3.36 1.06 2.78 3.63 0.78
More than 8+ <monthly - 0.7 335 154 41.7 1.23 4.70 0.59 1.69 3.62 0.31
4/day 8+ >monthly** Never 24+ 4.9 47.7 329 70.1 2.14 4.89 0.79 3.21 438 0.47
Any 24+%%* 24 62.7 50.3 82.5 2.79 4.45 1.11 433 5.13 0.58

Notes: Chi-square test with Bonferroni-type adjustment using Chi-squared Automatic Interaction Detection (CHAID) algorithm. DSM-1V = Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition; depend. = dependence; pos. = positive; neg. = negative. “Weighted percentages given in table; total
percentage of last-12-month DSM-IV alcohol dependence among men drinkers: 6.0%; equivalent alcohol use disorder total: 20.0%; “count is of symptoms in
each of 7 DSM-IV domains (pos.: only for those positive for dependence; neg.: only for those negative for dependence); ‘count is of 7 dependence domains
and 4 abuse domains (pos.: only for those positive for abuse or dependence; neg.: only for those negative for abuse or dependence).

*p <.05; ¥*p <.01; ***p < .001.

higher level of 8+ had utility for risk estimation. For the
next two volume groups, from 2 drinks/week to 2 drinks/day
(i.e., <14 drinks/week, the average volume component of
low-risk guidelines), the frequency of 5+ (never vs. ever in
12 months up to 1 drink/day and less than monthly vs. more
often for >1 to 2 drinks/day) distinguished between levels
of alcohol problems. In addition, never versus ever drink-
ing 8+ (for up to 1 drink/day) and monthly versus more
often 8+ (for 1-2 drinks/day) also added to risks of both
alcohol dependence and AUD. Thus, rates of dependence in
the greater than weekly but up to 1 drink/day volume group
ranged from 1% (never 5+) to 7% (with some 8+ drinking),
whereas for AUD the range was from 6% with no 5+ to a
third (33.5%) with some 8+ drinking. At the >1 drink/day
but up to 2 drinks/day volume level, the similar ranges for
dependence were 3% to 13% and for AUD were 17% to
almost half (49.8%). In the fourth volume group (<4 drinks/
day average), the rates of dependence ranged higher, 9% to
a third (34%), and for AUD from a third (33%) to 70%, de-
pending on whether 8+ drinking was <monthly or monthly
or more, and depending on whether there was also 12+
drinking <monthly or monthly or more. Finally, at the high-
est volumes, >4 drinks/day average 8+ monthly or more,
and in this case never versus ever indicating 24 or more/day,
yielded a dependence range from 15% to a half (50%) and
yielded an AUD range from 42% to 83%. Therefore, men’s
results for the segmentation analysis indicate both volume
and drinking-pattern effects, as hypothesized. At succes-
sively higher volumes, higher maximum drinking patterns
(and higher rates of high-threshold drinking) progressively

come into play in determining risks of both alcohol depen-
dence and AUD. At lower volumes and for “less risky” low-
quantity patterns, abuse and dependence are uncommon.
However, at the highest volumes and with higher quantity
patterns, more than half the group is dependent, and AUD is
present for more than three quarters.

When instead of dependence, AUD is taken as the em-
pirical outcome of the segmentation analyses (but again
looking at dependence prevalence also), a slightly different
solution but with extremely similar overall characteristics
emerged (table not shown but available from the first author
on request). Never versus ever drinking 5+ was an impor-
tant determinant at lower volumes; 8+ played an additional
distinguishing role in the intermediate and higher levels of
volume and, additionally, 12+ at the highest volume levels.
In this case, 24+ did not enter as a discriminating pat-
tern variable at the >4 drinks/day volume level, no doubt
because AUD involves a broader classification inclusive
of consequences, whereas alcohol dependence, although
less prevalent, is in essence more severe. We prefer the
dependence-based analysis (Table 1) because, at the highest
level of risk (volume >4 drinks/day, some 24+ drinking),
50% indicated alcohol dependence (40% in the AUD-based
analysis), with AUD prevalences generally being similar,
but the outcome more concentrated in the dependence-based
analysis (83% vs. 79%). To aid the reader, we present a
graph displaying results for the dependence-based solution
(Figure 1).

For women (Table 2), the best empirical segmentation
of volume differed from that found for men, distinguishing
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TaBLE 2. Volume and pattern segmentation analysis summary based on DSM-IV alcohol dependence for women“
Heavy Heavy Mean de
L L pend. Mean abuse and
Average drinking drinking o Mean % criteria counts depend. criteria counts
volume threshold threshold ~ among  volume depend. 0-7) (0-11)
(in drinks) measure measure drinkers  (drinks/ % or
(Level 1) (Level 2) (Level 3) (n=6,270) week) depend. abuse All Pos.b Neg.” All Pos.¢ Neg.¢
No more than ~ Never 4+ - 334 0.1 0.1 0.7 0.02 3.96 0.02 0.03 1.97 0.02
1/month Any 4+¢ - 1.0 0.2 0.0 13.0 0.30 N.A. 0.30 0.46 2.11 0.21
No more than Never 4+ - 15.6 0.5 0.3 1.5 0.06 3.15 0.05 0.07 2.00 0.04
1/week Any 4+%* Never 8+ 5.8 0.6 0.9 8.3 0.23 4.94 0.19 0.32 2.26 0.14
Any 8+* 0.5 0.6 5.8 439 0.63 3.77 0.43 1.01 2.08 0.17
Never 4+ - 15.1 2.9 0.1 2.1 0.08 3.00 0.08 0.10 2.04 0.06
No more than 4+ <monthly Never 8+ 10.4 2.8 1.5 133 0.37 343 0.32 0.49 1.78 0.30
1/day Any 8+#%* 1.5 2.3 10.8 21.3 0.64 3.26 0.33 0.85 2.86 0.30
4+ >monthly*** - 4.5 44 5.1 35.1 0.78 3.63 0.62 1.19 2.52 0.46
No more than 4+ <monthly - 4.5 9.8 0.8 12.5 0.23 5.85 0.19 0.36 1.75 0.16
2/day 4+ >monthly*** 8+ <monthly 2.3 10.1 8.2 323 0.68 3.83 0.40 1.03 2.50 0.33
8+ >monthly** 1.2 10.4 23.1 53.1 1.56 4.30 0.74 2.25 3.82 0.46
No more than ~ Never 8+ - 2.6 18.5 9.5 249 0.72 4.16 0.36 1.04 3.30 0.29
4/day Any 8+%* - 1.3 19.2 24.8 60.3 1.57 3.58 0.90 2.31 3.27 0.86
More than Never 12+ - 0.8 432 433 51.2 2.55 5.27 0.48 3.30 6.05 0.42
4/day Any 12+¢ - 0.6 56.0 65.3 79.2 3.24 4.39 1.07 4.39 5.31 0.91

Notes: Chi-square test with Bonferroni-type adjustment using Chi-squared Automatic Interaction Detection (CHAID) algorithm. DSM-IV = Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition; depend. = dependence; pos. = positive; neg. = negative; N.A. = not applicable. “Weighted percentages
given in table; total percentage of last-12-month DSM-IV alcohol dependence among women drinkers: 2.5%; equivalent alcohol use disorder total: 9.1%;
beount is of symptoms in each of 7 DSM-IV domains (pos.: only for those positive for dependence; neg.: only for those negative for dependence); “count is of
7 dependence and 4 abuse domains (pos.: only for those positive for abuse or dependence; neg.: only for those negative for abuse or dependence); “CHAID
fails to split this volume category predicting dependence; this pattern split is based on significantly predicting abuse or dependence; “CHAID fails to split this
volume category predicting dependence (p = .17); this pattern split is based on significantly predicting abuse or dependence.

*p <.05; **p <.01; ***p < .001.

a sizable group (35.4% of current drinkers, reflecting low
intake of many U.S. women) of very-low-volume drinkers
(=1 drink/month average) with very low rates of alcohol
dependence. The top four groups were similar to the men’s
solution and were set to be identical to simplify comparisons
(see also Figure 2).

One striking feature of the CHAID analysis that focused
on dependence for all female drinkers is that for volumes up
to an average of 1 drink/day (within the NIAAA weekly low-
risk drinking limit; NIAAA, 2009), when no 4+ drinks are
reported in any day, the risk of alcohol dependence (<1%)
and even AUD (1%—2%) appears minimal. However, impor-
tantly, 24% (1,486 of 6,270) of women in these three lowest
risk volumes do exceed the 3 drinks/day quantity limit (4+),
and 2% (125) of women indicate some 8+ drinking episodes,
thus carrying substantially higher risks of from 6% to 11%
of alcohol dependence (21%—44% risk of AUD). Of women
drinking at the 1-2 drinks/day volume, 3.5% report 4+ at
least monthly and 1.2% indicate 8+ drinking episodes, with
both groups carrying elevated risks of alcohol dependence
(8% and 23%, respectively). This reinforces other U.S.
findings (true also for men) that even low-volume drinking
more often than not involves occasional hazardous quantities
(Greenfield et al., 2003).

Figures 1 (for men) and 2 (for women) provide results of
CHALID analyses based on the alcohol dependence outcome.
The stacked bars for the volume pattern levels allow demar-

cation for each volume by pattern group and indicate what
proportion reported DSM-IV alcohol dependence and what
proportion indicated abuse only (the total being AUD). In the
analyses shown for men and women, the four volume levels
from more than 1 drink/week but no more than 1 drink/
day, up to more than 4 drinks/day, are the same for men
and women, thus simplifying comparison. There is some
evidence, comparing the two figures (see also Tables 1 and
2), that women with heavy drinking patterns carry greater
risks of alcohol dependence than men at equivalent volumes.
Although the pattern specifics differ in the CHAID analyses
of men and women, higher risk pattern measures segmenting
women’s dependence were at a lower threshold than men’s
for given volume levels. For example, at average volumes of
2—4 drinks/week, the empirical pattern cut point for women
was never versus ever 8+, with risks of alcohol dependence
of 10% and 25%, respectively; at the same volume level,
cut points for men were never 8+ monthly versus at least
monthly 8+, further divided by never 12+ monthly versus
12+ monthly (with a risk range from 9% to 34% of being
alcohol dependent). At the mean volume of >4 drinks/day
levels, the highest risk for women for those ever having 12+
drinks ever in the year was 65%, whereas for men—even for
those drinking 24 drinks in a day—it was 50%. Thus, at this
high volume, women tend to be at risk for alcohol depen-
dence at a lower frequency and quantity of heavy drinking
than are men.
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FiGure 1.

Discussion
Risks for current drinkers in general

For current drinkers in the U.S. general population, both
average volume and frequency of drinking larger-than-usual
quantities in a day are important determinants of the risk of
DSM-1V alcohol dependence and AUD. Although the often-
reported 5+ (for men) and 4+ (for women) drinks/day are
important problem indicators at modest levels of intake, at
mid- to high-average (moderate) volume, the frequency of
8+ episodes (whether reported at all or at least monthly in
the prior year) becomes a major discriminator of individu-
als with alcohol abuse and/or alcohol dependence for both
women and men. This was so at regular intake levels from as
low as 1 drink/week to as high as 2—4 drinks/day for women,
and from <1 drink/week and <2 drinks/day for men. For both
genders, at the highest volumes (>4 drinks/day on average),
surprisingly high amounts in any day last year (i.e., a maxi-
mum of 12+ for women and 24+ for men) distinguished the
likelihood of experiencing alcohol dependence from those

Proportions of alcohol abuse and dependence by volume and heavy drinking, for male drinkers

with a less variable pattern. For high-volume men, frequent
8+ days (at least monthly) were also important. Empirically
higher rates of AUD were seen for those with a variable pat-
tern (higher maximum) at all volumes. Pattern played a less
important role at the higher volumes (where many people
have heavy drinking days) but remained influential.

At an intermediate intake level, averaging 2—4 drinks/
day, men’s risk for alcohol dependence increased if they
drank 8 or more drinks in a day ever in the previous year
compared with never, from 8% to 13% and increasing again
to a quarter meeting criteria if they drank 12+ ever. For
women at the same volume range, reporting any 8+ episode
in the preceding year was the discriminating feature, with a
quarter found dependent in contrast to a tenth among those
never drinking 8+ drinks. Empirically, at this volume range,
5+ (or 4+ for women) was not an effective pattern measure
because most regularly drank this amount. However, at lower
volume levels, the standard 5+/4+ measures distinguished
massed (or “heavy episodic”) versus spaced drinking pat-
terns. Using the large U.S. sample from the three national
surveys, we replicated a finding result noted for university
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No more than
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No more than
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Never 4+
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At least monthly 4+
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Never 8+

At least yearly 8+

Never 12+
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FIGure 2. Proportions of alcohol abuse and dependence by volume and heavy drinking, for female drinkers

students (Greenfield, 1986) showing that different pattern in-
dicators are essential to identify patterns of drinking that are
meaningful at high, middle, and low volumes. The overall
results are not surprising given the common-sense logic that
a higher maximum of heavy drinking is needed to separate
relative heavy episodic drinkers and spacers at high volumes
of intake and lower ones at low volumes of intake.

For the adult drinking population, groups with consider-
ably different relative (or absolute) risk for alcohol problems
can be identified using the segmentation analyses at all aver-
age consumption volume levels. Importantly, however, for
both dependence and AUD, it is possible to incur lower risks
while drinking at a higher volume when there were no heavy
drinking occasions than at a lower volume of consumption
that includes heavy drinking occasions, as can be observed
for men and women in Figures 1 and 2, respectively.

Limitations

An acknowledged limitation of the results is their cross-
sectional, correlational nature and that they are based on

self-report summary measures. The measures used assume
standard drinks and do not take account of actual drink
sizes, which may be larger for many people at home (Kerr
et al., 2005) and in bars (Kerr et al., 2008). In this light, it is
interesting how effective the volume and threshold measures
are at distinguishing different levels of AUD risks. One im-
portant limitation is that volume and pattern as defined here
are not entirely independent, as can be seen from the mean-
volume column for each volume heavy drinking category in
the tables. In some cases, the volume-pattern level—includ-
ing some heavier occasions—has a lower mean volume than
the less variable low-threshold volume. However, especially
when a Level 3 pattern involves frequent very high amounts
in a day, the mean volume may also be somewhat larger.
The analyses pool data from three recent U.S. national
surveys with identical measures, all using random-digit—di-
aled telephone interviewing. An important asset of the analy-
sis is its use of extensive U.S. probability samples, making it
likely that the results are generalizable to the nation. These
empirical findings are based on well-conducted, large-scale
population surveys that included substantial numbers of
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heavy drinkers. Therefore, we deem it plausible to consider
this evidence among other data to guide the advice of pri-
mary care clinician to their patients regarding drinking.

For those in the U.S. general population who choose to
drink rather than abstain, the NIAAA-recommended amounts
of no more than 3 drinks for a woman and 4 drinks on any
occasion for a man (as borne out by the empirical study of
other health outcomes by Dawson, 2000) appear for the most
part serviceable and “protective.”

Conclusions

Where drinking does not exceed an average of 1 drink/
day, and the quantities never exceed 4 drinks for a man and
3 drinks for a woman, the associated 12-month risks of AUD
are less than 10%. Where the individual mean consumption
is from 1 to 2 drinks/day for a man, within the 4 drinks or
less quantity limits, the risks of experiencing an AUD are
less than 20%.

The findings may have particular relevance for brief
interventions targeting heavy drinkers seen in primary care
settings. Providing an evidence base for advice regarding
low-risk drinking patterns for the general population is
the immediate contribution of our study. Future research
will investigate the low-risk guidelines more suited to key
population subgroups such as those recovering from alcohol
dependence who may wish to resume drinking, for whom
these general guidelines (as indicated in Rethinking Drink-
ing, NIAAA, 2009) are likely not to be appropriate.
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