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Alcohol use and associated alcohol-related harm (ARH) are a prevalent and important public health problem, with alcohol
representing about 4% of the global burden of disease. A discussion of ARH secondary to alcohol consumption necessitates a
consideration of the amount of alcohol consumed and the drinking pattern. This study examined the association between alcohol
drinking patterns and self-reported ARH. Pearson chi-square test (𝜒2 ) and logistic regression analyses were used on data from
the National Comorbidity Survey Replication (NCS-R). The NCS-R is a cross-sectional nationally representative sample. Data was
obtained by face-to-face interviews from 9282 adults aged ≥18 years in the full sample, and 5,692 respondents in a subsample of the
full sample. Results presented as odds ratio (OR) and 95% confidence intervals (95% CI). Alcohol drinking patterns (frequency of
drinking, and drinks per occasion) were associated with increased risks of self-reported ARH; binge or “risky” drinking was strongly
predictive of ARH than other categories of drinks per occasion or frequency of drinking; and men had significantly higher likelihood
of ARH in relation to frequency of drinking and drinks per occasion. Findings provide evidence for public health practitioners to
target alcohol prevention strategies at the entire population of drinkers.

1. Introduction
Alcohol use and associated alcohol-related harm (ARH)
are among the most prevalent and important public health
problems plaguing this generation [1]. Alcohol represents
about 4% of the global burden of disease [2]; this burden
is higher in high-income countries and among men [3].
Consequently, the global public health burden and economic
costs of alcohol use are high [4]. Alcohol consumption
can result in several negative consequences, ranging from
health to social consequences and affecting friends or family
and the workplace. When discussing ARH following alcohol
consumption, whether the effect is on the general health [5, 6]
or on areas such as work, social relations, and economy [7, 8],
it is pertinent to consider the amount of alcohol consumed
as well as the drinking pattern. For example, recurrent
heavy episodic drinking (HED) equivalent to ≥5 drinks (also
known as binge or “risky” drinking) [9] is a drinking pattern

that appears to exacerbate population ARH from alcohol
consumption; this alcohol consumption pattern has been
shown to be a problem not only in the US [10], but in other
regions of the world such as the Nordic region [11] and
the United Kingdom [12]. The value of also considering the
frequency of consumption without overrelying on quantity
measures has been emphasized by such authors as Fillmore
and Jude [13].
Recommendations on maximum daily alcohol intake
vary both between and within countries [14]. Based on
lifetime risk of alcohol-attributable mortality [15], it is recommended that the daily intake of alcohol for both men
and women should not exceed two drinks, with three or
four drinks considered as tolerable for occasional drinking.
In the USA, the National Institute on Alcohol Abuse and
Alcoholism (NIAAA) defines binge drinking for a typical
adult as an alcohol drinking pattern that brings the blood
alcohol concentration to ≥0.08 g per cent (equivalent to ≥5
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drinks for males or ≥4 drinks for females, in ∼2 h) [16]. A
standard US “drink” in the above-mentioned definition refers
to half an ounce of alcohol (i.e., 14 g ethanol) (or 8 g in the
United Kingdom). Thus, one standard US drink is contained
in one 12-oz. bottle or can of typical (5% alcohol by volume
[ABV]) beer; one 5-oz. glass of typical (12% ABV) wine; or
one 1.5-oz. shot of (40% ABV) distilled spirits or liquor (e.g.,
gin, rum, vodka, and whiskey).
The main focus in surveys of ARH has historically been
on characteristics and behavior of respondents, combined
with sample designs in which one respondent is chosen per
household to minimize cross contamination. Little attention
has often been paid to social interactions (i.e., an individual’s
drinking behavior that is considered as problematic and a
reaction by someone other than the drinker) and contexts.
There is however little agreement about methods of measuring drinking-related social harm in population surveys in
spite of the growing consensus about how to measure patterns
and amounts of drinking [17]. Epidemiological research on
ARH has often followed two main traditions: clinical and
socioepidemiological [18]. The clinical or “characteristics of
the individual” approach, which is rooted on the notion
of diseases as discrete entities, views problems associated
with excessive alcohol intake as part of a condition with a
characteristic natural history and is measured using aggregate
measures of alcohol problems which operationally define
a clinical entity. The socioepidemiological or “problems”
approach, which stresses the importance of the interaction
between the individual and the social environment in the
appearance of ARH, explores results with an aggregate measure or score composed of all or some of the items of alcohol
problems [19]. These measures can be considered as indices
of a number of problems all having the same value, with
ARH determined by arbitrary cut-off points. Various analyses
use individual-level measures or items [20], such as those
from the Alcohol Use Disorders Identification Test (AUDIT)
developed by the World Health Organization (WHO) to
screen for people at risk of developing alcohol problems [21].
Other options for assessing survey data on ARH beyond the
individual level include samples and questions designed to
obtain information from both sides of an interaction (i.e.
an individual’s drinking behavior that is considered as problematic and a reaction by someone other than the drinker)
[22] and analyzing survey data in conjunction with aggregate
statistics or with respondents being clustered to aggregate
their responses [23]. These analytical options are beyond
the scope of the present paper; the present study analyses
individual items because ARH in the National Comorbidity
Survey Replication (NCS-R) is measured as single items.
Potentially influential predictors of progression to
alcohol-related harm besides alcohol consumption include
socioeconomic position (SEP) [24, 25], early age of alcohol
initiation [26], being male (although females appear to
suffer serious negative consequences of alcohol consumption
earlier and to a greater degree than men) [27, 28], family
history [29], comorbid substance use, with alcohol use
increasing the risk for other drug use disorders [30, 31], poor
physical and mental health [32], sex differences [33, 34],
and ethnicity [35]. The adverse effects of alcohol drinking
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behavior affect not only the index drinker but also family
members of the drinker [36] and the society as well.
There is an increasing shift in paradigm from mean
alcohol consumption as a significant determinant of ARH
at the individual and population level to drinking patterns
[37], given that mean alcohol consumption is an incomplete
predictor of risk. This study is unique in specifically assessing
ARH affecting the whole family and/or as a social problem
with work, responsibilities, and others. This association is
important from a public health perspective, as prevention
programs could potentially limit the development of later
adverse outcomes, thus reducing individual pain and suffering and preventing socioeconomic and healthcare-related
costs to the society.

2. Hypotheses
The following hypotheses were examined.
Hypothesis I. Alcohol drinking patterns (i.e., frequency of
drinking and number of drinks per occasion) will increase
the risk of ARH, even after controlling potential confounders.
Hypothesis II. Drinks per occasion will be more predictive of
ARH than frequency of drinking.
This study therefore aimed to (i) describe the prevalence
of two alcohol drinking patterns and self-reported ARH in
the study sample; (ii) examine whether alcohol drinking patterns increased the risk of self-reported ARH; (iii) examine
whether drinks per occasion will be more predictive of ARH;
and (iv) assess the correlates of ARH among respondents.

3. Methods
3.1. Study Design. Data was obtained from the National
Comorbidity Survey Replication (NCS-R) conducted
between February 2001 and April 2003. The NCS-R is a
cross-sectional nationally representative sample of Englishspeaking adults aged ≥18 years in the noninstitutionalized
civilian population of the 48 coterminous states in the US.
Interviews were conducted face to face in the homes of
respondents. Detailed descriptions of the methodology,
weighting, and sampling procedures used in the NCS-R
have been previously provided elsewhere [38]. Briefly, the
NCS-R interviews consisted of two parts administered in
one session. Part I was administered to the full sample
of 9282 respondents and included a demographic section
that assessed sex, age, education, marital status, and
current household income. Part II assessed chronic
physical disorders, risk factors, and costs of illness and
was administered to a probability subsample of 5,692
respondents of Part I using Version 3.0 of the World Health
Organization (WHO) Composite International Diagnostic
Interview (CIDI) [38, 39], a structured diagnostic interview
designed to generate diagnoses of commonly occurring
mental disorders according to the definitions and criteria of
both the ICD-10 [40] and DSM-IV Axis I [41] systems. The
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alcohol module was administered to all respondents in the
Part II sample.
3.2. Ethical Considerations. Approval for these recruitment
and consent procedures were obtained from the Human
Subjects Committees of Harvard Medical School and the
University of Michigan. The response rate was 70.9%.
3.3. Study Outcomes. Alcohol-related harm: five measures of
ARH in the preceding 12 months were assessed: (1) drinking
problem causing family/friend argues/problems; (2) drinking
ever interfered with work/school/job/home; (3) family worries or complains about alcohol use; (4) alcohol use causing
problems/argue with others; and (5) alcohol interfered with
responsibilities. The analysis of ARH is kept at the item level
(rather than exploring results with a score composed of all
or some of the items), because in the National Comorbidity
Survey Replication (NCS-R) alcohol-related harm (social
harm) is measured as single items.
3.4. Study Exposures. Alcohol drinking patterns examined
include (1) frequency of drinking at least 1 drink in the past 12
months in the past year (daily, 3-4 days per week, 1-2 days per
week, 1–3 days per month, less than once a month, and did
not drink in past 12 months); and (2) number of drinks per
day each time you drank (≤2 drinks per occasion, 2–4 drinks,
and ≥5 drinks or binge drinking).
The following predictors were identified a priori as having
potential confounding influence on the relationship between
alcohol consumption and progression to the development
of ARH, including sociodemographic characteristics such as
sex, men are more likely to drink, consume more alcohol,
and have alcohol use disorders than women [30]; age of
cohort, younger cohorts also showed higher risk of alcohol
dependence and current alcohol abuse [42]; employment
status; household income; education level, individuals of low
socioeconomic status suffer more harmful consequences of
drinking than their counterpart in higher socioeconomic
positions [24, 25]; ethnicity, consequences of alcohol consumption and trajectories of alcohol problem are more
profound in some ethnic groups than others [28, 43]; physical
and mental health ratings, poor physical and mental health is
often associated with alcohol use disorders [32]; and smoking,
studies have shown a strong tendency for cigarette smoking
and alcohol dependence to cooccur and both are associated
with other drug use disorders [44, 45].
3.5. Statistical Analysis. Pearson chi-square test (𝜒2 ) was
used to assess statistical significance of differences in the
frequency and distribution of ARH and alcohol drinking
patterns among respondents. Statistical significance was set
at 𝑃 < 0.05, and all 𝑃 values are two sided. Logistic
regression models were used to examine the association
between alcohol drinking patterns and ARH, by applying
different multivariate models as suggested by Greenland and
Lash [46]. Model 1 was the crude association between the
alcohol drinking pattern and the different forms of ARH
to calculate the unadjusted effect of the alcohol drinking
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pattern. Only variables found to be significant in bivariate
models and fulfilling the criteria for being confounders were
included in multivariate analyses [46]. Predictors, selected
based on good theoretical reasons for inclusion of predictors,
were adjusted for in Model 2 by being added into the model
simultaneously since our goal was theory testing [47]. We
also did a series of sensitivity analyses in which drinks per
occasion and frequency of drinking were both included as
exposure variables in each model with ARH and the other
covariates. This was intended to further tease apart the
independent effects of frequency and quantity of alcohol; this
could account for the effects of individuals who drink a lot
per occasion amongst those who drink alcohol frequently, as
well as the effects of those who consume modest amounts of
alcohol per occasion amongst frequent drinkers. Results were
presented as odds ratio (OR) and 95% confidence intervals
(95% CI). Additional bivariate analyses were conducted
between education (years), frequency of drinking, drinks
per occasion, and alcohol-related harm. Statistical analyses
were carried out using the Statistical Package for the Social
Sciences (SPSS).

4. Results
4.1. Prevalence and Frequency of Alcohol-Related Harm
by Alcohol Drinking Patterns and Sociodemographic Characteristics of Respondents. The most common types of
alcohol-related harm were “family worries or complains
about alcohol use” (12%), “drinking problem causing family/friend argues/problems” (7%), and “drinking interfered
with work/school/job/home” (5%). The least common at
1% were “alcohol use causing problems with others” (1%)
and “alcohol interfered with responsibilities,” respectively.
The differences in the distribution of all the measures of
ARH and alcohol drinking patterns among respondents were
statistically significant for the overall sample and across
respondents’ age and ethnicity. Individuals who did not
drink (i.e., abstainers) more frequently reported almost all
the measures of ARH compared to those who drank daily;
this proportion was however not higher than that of light
consumers (referred to in this study as those who drank
less than once/month and 1–3 days/month). In contrast,
individuals who drank the least amount of alcohol per occasion (i.e., ≤2 drinks/occasion) reported a higher prevalence
of ARH compared to light consumers (referred to in this
study as those who drank 2–4 drinks/occasion). Males were
more frequently associated with several measures of ARH
(family worried or complains about alcohol use; alcohol use
caused problems with others; and alcohol interfered with
responsibilities). The prevalence of all the measures of ARH
was significantly higher amongst individuals aged 49 years
or younger and non-Hispanic blacks. Individuals with higher
education (≥16 years) reported the least prevalence of ARH
(family worries or complains about alcohol use) (Table 1).
4.2. Association between Alcohol Drinking Patterns, Sociodemographic Characteristics, and Alcohol-Related Harm. The
association between frequency of drinking and ARH is

Family worries or complains
about alcohol use
No
Yes
𝑁 (%)
𝑁 (%)
Frequency of drinking
𝑃 < .001
320 (16)
478 (6)
Daily
284 (14)
560 (7)
3-4 days/week
350 (18)
1461 (18)
1-2 day/week
257 (13)
1709 (21)
1–3 days/month
327 (17)
2692 (32)
Less than once/month
1306 (16)
Did not drink (abstainers) 431 (22)
1969
8206
Total
Drinks per occasion
𝑃 < .001
2570 (61)
423 (35)
≤2 drinks/occasion
1000 (24)
329 (28)
2–4 drinks/occasion
609 (15)
439 (37)
≥5 drinks/occasion
4179
1191
Total
Sex
𝑃 < .001
6980 (40)
1491 (64)
Male
10513 (60)
831 (36)
Female
17493
2322
Total
Age (group)
𝑃 < .001
6157 (35)
780 (34)
≤34 years
5443 (31)
923 (40)
35–49 years
3463 (20)
469 (20)
50–64 years
2430 (14)
150 (6)
≥65 years
17493
2322
Total
Education (years)
𝑃 < .001
3388 (19)
621 (27)
0–11
5136 (29)
719 (31)
12
4620 (26)
627 (27)
13–15
4349 (26)
355 (15)
≥16
17493
2322
Total
Income
𝑃 < .001
4830 (28)
756 (33)
<$20,000
2692 (15)
325 (14)
$20,000–29,999
3738 (21)
492 (21)
$30,000–49,999
6233 (36)
749 (32)
≥$50,000
17491
2322
Total
Ethnicity
𝑃 < .001
6519 (37)
1043 (45)
Non-Hispanic black
5374 (31)
697 (30)
Hispanic/others
5600 (32)
582 (25)
Non-Hispanic white
17493
2322
Total

Alcohol use causing
problems with others
No
Yes
𝑁 (%)
𝑁 (%)
𝑃 < .001
17 (12)
461 (6)
26 (18)
534 (6)
30 (21)
1432 (18)
24 (16)
1686 (21)
24 (16)
2669 (33)
25 (17)
1280 (16)
146
8062
𝑃 < .001
36 (38)
2535 (62)
32 (34)
969 (24)
27 (28)
582 (14)
95
4086
𝑃 < .001
6864 (40)
117 (68)
10458 (60)
55 (32)
17322
172
𝑃 = .020
6086 (35)
71 (41)
5386 (31)
57 (33)
3430 (20)
33 (19)
2420 (14)
11 (7)
17322
172
𝑃 = .074
3343 (19)
45 (26)
5085 (29)
49 (28)
4574 (26)
46 (27)
4320 (26)
32 (19)
17322
172
𝑃 = .600
4781 (28)
48 (28)
2659 (15)
30 (17)
3703 (21)
37 (22)
6179 (36)
57 (33)
17322
172
𝑃 = .005
6441 (37)
81 (47)
5338 (31)
35 (20)
5543 (32)
56 (33)
17322
172

Alcohol interfered with
responsibilities
No
Yes
𝑁 (%)
𝑁 (%)
𝑃 < .001
20 (15)
441 (6)
20 (15)
514 (6)
23 (17)
1409 (18)
19 (14)
1667 (21)
33 (25)
2636 (33)
17 (12)
1263 (16)
132
7903
𝑃 < .001
30 (37)
2505 (63)
29 (36)
940 (23)
22 (27)
560 (14)
81
4005
𝑃 < .001
6766 (39)
100 (63)
10397 (61)
60 (37)
17163
160
𝑃 < .001
6002 (35)
84 (53)
5332 (31)
55 (34)
3415 (20)
15 (9)
2414 (14)
6 (4)
17163
160
𝑃 = .173
3318 (19)
25 (16)
5047 (29)
39 (24)
4523 (27)
51 (32)
4275 (25)
45 (28)
17163
160
𝑃 = .688
4735 (28)
46 (29)
2644 (15)
19 (12)
3665 (21)
36 (22)
6119 (36)
59 (37)
17163
160
𝑃 = .002
6361 (37)
79 (49)
5307 (31)
32 (20)
5495 (32)
49 (31)
17163
160

Drinking ever interfered with
Drinking problem causing
work/school/job/home
family/friend argues/problems
No
Yes
No
Yes
𝑁 (%)
𝑁 (%)
𝑁 (%)
𝑁 (%)
𝑃 < .001
𝑃 < .001
154 (16)
202 (18)
219 (18)
137 (15)
144 (15)
182 (16)
183 (15)
142 (16)
157 (16)
238 (21)
223 (18)
173 (20)
123 (12)
145 (13)
136 (11)
133 (15)
160 (16)
162 (14)
169 (14)
152 (17)
248 (25)
199 (18)
300 (24)
146 (17)
986
1128
1230
883
𝑃 < .001
𝑃 < .001
167 (29)
289 (38)
218 (29)
238 (41)
162 (29)
223 (30)
210 (28)
174 (30)
238 (42)
244 (32)
318 (43)
166 (29)
567
756
746
578
𝑃 = .430
𝑃 = .206
731 (65)
634 (64)
562 (63)
804 (65)
400 (35)
354 (36)
324 (37)
428 (35)
1131
988
886
1232
𝑃 = .003
𝑃 < .001
396 (35)
362 (36)
354 (40)
404 (33)
429 (38)
400 (41)
316 (35)
512 (41)
217 (19)
186 (19)
149 (17)
254 (21)
89 (8)
40 (4)
67 (8)
62 (5)
1131
988
886
1232
𝑃 = .968
𝑃 = .104
300 (26)
266 (27)
226 (26)
340 (28)
333 (29)
295 (30)
261 (29)
367 (30)
313 (29)
273 (28)
238 (27)
349 (28)
185 (16)
154 (15)
161 (18)
176 (14)
1131
988
886
1232
𝑃 = .293
𝑃 = .498
374 (33)
290 (29)
274 (31)
390 (32)
145 (13)
136 (14)
124 (14)
157 (13)
229 (20)
218 (22)
198 (22)
251 (20)
383 (34)
344 (35)
290 (33)
434 (35)
1131
988
886
1232
𝑃 = .011
𝑃 = .024
456 (40)
423 (43)
343 (39)
535 (44)
375 (33)
269 (27)
296 (33)
347 (28)
300 (27)
296 (30)
247 (28)
350 (28)
1131
988
886
1232

Table 1: Frequency of alcohol-related harm by alcohol drinking patterns and sociodemographic characteristics of respondents.
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Table 2: Crude association between sociodemographic characteristics and alcohol-related harm.

Sex
Male
Female
Age (group)
≤34 years
35–49 years
50–64 years
≥65 years
Education (years)
0–11
12
13–15
≥16
Income
<$20,000
$20,000–29,999
$30,000–49,999
≥$50,000
Ethnicity
Non-Hispanic black
Hispanic/others
Non-Hispanic white
Physical health rating
Good
Fair/poor
Very good/excellent
Mental health rating
Good
Fair/poor
Very good/excellent
Smoke
Yes
No

Family worries or
complains about
alcohol use

Alcohol use
causing problems
with others

Alcohol interfered
with responsibilities

Drinking ever
interfered with
work/school/job/home

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

Drinking problem
causing
family/friend
argues/problems
OR (95% CI)

2.70 (2.47–2.96)
1

3.24 (2.35–4.47)
1

2.56 (1.86–3.53)
1

0.98 (0.82–1.17)

1.08 (0.90–1.30)

2.05 (1.71–2.46)
2.75 (2.30–3.29)
2.19 (1.18–2.66)
1

2.57 (1.36–4.85)
2.33 (1.22–4.45)
2.12 (1.07–4.20)
1

5.63 (2.46–12.91)
4.15 (1.78–9.65)
1.77 (0.68–4.56)
1

2.03 (1.36–3.03)
2.07 (1.39–3.09)
1.91 (1.25–2.91)
1

1.23 (0.85–1.79)
1.75 (1.21–2.54)
1.84 (1.23–2.75)
1

2.24 (1.96–2.58)
1.71 (1.50–1.96)
1.66 (1.45–1.91)
1

1.82 (1.15–2.87)
1.30 (0.83–2.03)
1.36 (0.86–2.14)
1

0.72 (0.44–1.17)
0.73 (0.48–1.13)
1.07 (0.72–1.60)
1

1.06 (0.81–1.39)
1.06 (0.82–1.39)
1.05 (0.80–1.37)
1

1.38 (1.05–1.81)
1.29 (0.99–1.68)
1.34 (1.02–1.76)
1

1.37 (1.22–1.53)
1.17 (1.01–1.35)
1.19 (1.04–1.35)
1

1.12 (0.75–1.68)
1.39 (0.86–2.24)
1.16 (0.75–1.80)

1.05 (0.70–1.55)
0.77 (0.44–1.37)
1.12 (0.73–1.71)

0.86 (0.70–1.07)
1.05 (0.80–1.39)
1.06 (0.84–1.34)

0.95 (0.77–1.18)
0.85 (0.64–1.13)
0.85 (0.67–1.08)

0.81 (0.73–090)
0.65 (0.58–0.72)
1

0.52 (0.35–0.78)
0.80 (0.57–1.13)
1

0.49 (0.32–0.73)
0.72 (0.50–1.03)
1

0.77 (0.63–0.95)
1.06 (0.86–1.31)
1

0.75 (0.61–0.92)
0.91 (0.73–1.12)
1

1.34 (1.16–1.54)
2.02 (1.75–2.33)
1

1.02 (0.62–1.67)
1.60 (0.98–2.62)
1

1.45 (0.92–2.29)
0.97 (0.53–1.76)
1

1.24 (0.94–1.64)
1.05 (0.79–1.39)
1

1.22 (0.92–1.61)
1.06 (0.80–1.40)
1

1.59 (1.39–1.82)
2.63 (2.24–3.08)
1

1.26 (0.77–2.06)
2.56 (1.51–4.36)
1

1.01 (0.61–1.67)
1.60 (0.87–2.94)
1

1.01 (0.77–1.32)
0.97 (0.72–1.32)
1

1.08 (0.82–1.41)
1.25 (0.92–1.70)
1

1.51 (1.19–1.92)
1

1.70 (0.66–4.37)
1

1.39 (0.52–3.68)
1

0.77 (0.50–1.17)
1

0.77 (0.50–1.18)
1

presented in Table 2. Crude analysis (Model 1) showed
strong significant and positive associations between more
frequent drinkers (daily and 3-4 days/week) and several ARH
(family worries or complains about alcohol use; alcohol use
causing problems with others; and alcohol interfered with
responsibilities) compared to abstainers, that is, those who
did not drink. In relation to the other two measures of ARH
(drinking ever interfered with work/school/job/home and
drinking problem causing family/friend argues/problems),
the association was significantly negative among less frequent drinkers (1-2 day/week, 1–3 days/month, and less than
once/month) compared to abstainers. After adjusting for

confounders (Model 2), the associations were attenuated,
whilst remaining largely significant.
In Table 3, the crude analyses (Model 1) in the association between number of drinks per occasion and ARH
showed increasing and significantly higher risks of all the
measures of ARH in relation to higher frequency of drinks
per occasion (2–4 drinks/occasion and ≥5 drinks/occasion)
compared to those who had ≤2 drinks/occasion. Adjusting
for confounders (Model 2) only slightly attenuated these
associations. The odds of reporting ARH were higher with
increasing number of drinks per occasion compared to just
having ≤2 drinks/occasion, with binge or “risky” drinking
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Table 3: Association between alcohol consumption measured as number of drinks per occasion and alcohol-related harm.

Model 1: crude association
Drinks per occasion
≤2 drinks/occasion
2–4 drinks/occasion
≥5 drinks/occasion
Model 2: adjusted association
Drinks per occasion
≤2 drinks/occasion
2–4 drinks/occasion
≥5 drinks/occasion
Sex
Male
Female
Age (group)
≤34 years
35–49 years
50–64 years
≥65 years
Education (years)
0–11
12
13–15
≥16
Income
<$20,000
$20,000–29,999
$30,000–49,999
≥$50,000
Ethnicity
Non-Hispanic black
Hispanic/others
Non-Hispanic white
Physical health rating
Good
Fair/poor
Very good/excellent
Mental health rating
Good
Fair/poor
Very good/excellent
Smoke
Yes
No

Family worries or
complains about
alcohol use

Alcohol use
causing problems
with others

Alcohol
interfered with
responsibilities

Drinking ever
interfered with
work/school/job/home

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

Drinking problem
causing
family/friend
argues/problems
OR (95% CI)

1
1.99 (1.70–2.35)
4.38 (3.73–5.14)

1
2.32 (1.44–3.76)
3.27 (1.97–5.42)

1
2.58 (1.54–4.31)
3.28 (1.88–5.73)

1
1.26 (0.95–1.66)
1.69 (1.30–2.19)

1
1.32 (1.00–1.73)
2.09 (1.61–2.72)

1
1.40 (0.98–2.00)
3.33 (2.10–5.30)

1
1.88 (1.02–3.46)
2.43 (1.16–5.08)

1
1.17 (0.90–1.53)
1.61 (1.21–2.13)
—

1
1.26 (0.97–1.63)
2.17 (1.62–2.90)
—

1.79 (1.39–2.79)
1

2.22 (1.17–4.22)
1

1
1.98 (1.19–3.29)
2.64 (1.41–4.96)
—
1.59 (0.99–2.58)
1

5.96 (0.79–45.04) 5.46 (2.09–7.70)
3.42 (0.44–26.70) 4.38 (3.73–5.14)
4.54 (0.57–36.35) 1.16 (0.92–3.02)
1
1
—
1.73 (0.71–4.24)
1.11 (0.48–2.60)
1.16 (0.49–2.72)
1
—
0.92 (0.42–1.99)
1.16 (0.48–2.80)
1.33 (0.65–2.73)
1

3.80 (1.81–7.98)
3.45 (1.64–7.27)
3.20 (1.48–6.95)
1
—

2.35 (1.25–4.42)
3.80 (2.02–7.17)
3.53 (1.81–6.88)
1

—

1.55 (1.08–2.22)
1.21 (0.86–1.71)
1.35 (0.96–1.89)
1
—

0.40 (0.17–0.95)
0.59 (0.26–1.30)
1
—

0.50 (0.29–0.88)
0.50 (0.29–0.85)
1
—

0.76 (0.58–0.99)
1.09 (0.83–1.43)
1
—

0.73 (0.57–0.99)
0.93 (0.70–1.23)
1
—

—

—

—

—

—

—

1.70 (0.85–3.40)
2.07 (1.06–4.01)
1.84 (0.92–3.69)
1
1.02 (0.55–1.86)
0.68 (0.38–1.21)
0.82 (0.44–1.51)
1
1.57 (0.91–2.69)
2.19 (1.23–3.90)
1.74 (1.04–2.98)
1
0.58 (0.22–1.54)
1.29 (0.55–3.04)
1
1.31 (0.89–1.94)
1.46 (0.92–2.31)
1
1.50 (1.02–2.20)
2.54 (1.52–4.25)
1
1.17 (0.80–1.73)
1

1.39 (0.74–2.61)
2.70 (1.24–5.84)
1
—
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(i.e., ≥5 drinks per occasion) being consistently associated
with higher odds in relation to all the five measures of ARH.
The odds ratio (ORs) associated with drinks per occasion
were generally higher than those associated with frequency
of drinking.
4.3. Sociodemographic Factors Associated with AlcoholRelated Harm. In the multivariate analyses, male drinkers
had significantly higher odds of ARH compared to female
drinkers when alcohol consumption was measured either as
frequency of drinking or as drinks per occasion. Younger
individuals were generally at higher odds of ARH compared
to those aged ≥65 years; the strongest odds ratio (ORs) was
found among individuals aged ≤34 years and frequency of
drinking (OR = 7.20) and number of drinks per occasion
(OR = 5.46). The odds of ARH (drinking problem causing
family/friend argues/problems) in association with frequency
of drinking and number of drinks per occasion were higher
among individuals with lower educational level compared to
those with higher education (≥16 years). Income was only
associated with ARH (family worries or complains about
alcohol use) in relation to both alcohol drinking patterns,
with higher risks found among individuals with lower
income. The odds of ARH associated with both drinking
patterns were generally lower among non-Hispanic blacks
and Hispanic/others compared to non-Hispanic whites, with
the exception of “alcohol interfered with responsibilities” in
relation to frequency of drinking for which non-Hispanic
blacks had 55% higher odds (OR = 1.55) than non-Hispanic
whites. The odds of ARH (“family worries or complains
about alcohol use”) in relation to frequency of drinking
were higher for those who reported good (OR = 1.51)
and fair/poor (OR = 1.45) physical health compared to
those who reported very good/excellent physical health.
Individuals reporting fair/poor mental health had higher
odds of ARH (“family worries or complains about alcohol
use” and “alcohol use causing problems with others”) in
relation to both alcohol consumption measures.
4.4. Sensitivity Analyses. Sensitivity analyses with daily
drinking amounts and frequency both included with the
other covariates resulted in the association between the
drinking patterns and two measures of ARH (drinking
ever interfered with work/school/job/home and drinking
problem causing family/friend argues/problems) and the
relation between drinks per occasion and the ARH “measure
alcohol interfered with responsibilities” becoming statistically nonsignificant. There was a positive association between
the frequency of drinking category “daily” and three ARH
measures (“family worries or complains about alcohol use,”
“alcohol use causing problems with others,” and “alcohol
interfered with responsibilities”) compared to their counterparts who did not drink; all other categories of frequency of
drinking were negatively associated with these three ARH
measures. Respondents in the drinks per occasion category
“≥5 drinks/occasion” had an almost threefold higher risk
of having “family worries or complains about alcohol use”
compared to those who drank ≤2 drinks/occasion.
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5. Discussion
This study examined the prevalence of ARH and the association between alcohol use patterns self-reported ARH and
yielded 4 key findings. First, prevalence of ARH ranged
between 1% (“alcohol use causing problems with others” and
“alcohol interfered with responsibilities”) and 12% (“family
worries or complains about alcohol use” and that abstainers
and those with the least amount of drinking per occasion
exhibited higher prevalence of alcohol-related harm than
light consumers, irrespective of the alcohol drinking pattern).
The prevalence of ARH found in the present study is within
the range of those reported in the US (5.3%) [48], Spanish
(6.5%) [49], and Swiss (7.7%) studies [50], although these
figures might not be directly comparable due to definitions
of alcohol-related harm used in these studies. The indication
that individuals with the least amount of alcohol drunk per
occasion exhibited higher proportions of ARH than light
consumers contributes to the empirical evidence that a major
part of the total burden of ARH is contributed by moderate
drinkers—the “prevention paradox”—and this states that “the
bigger part of ARH may originate among moderate drinkers,
even though the risk of negative consequences is by far the
highest among subjects with high-risk drinking.” Although
ARH was largely attributed to the high proportion of low
to moderate drinkers who constituted to the vast majority
of drinkers in the study population and is in line with
findings from other studies [51, 52], this may imply that public
health prevention strategies aimed at the entire population of
drinkers may be more effective for most ARH than strategies
aimed only at the smaller subgroup of high-risk drinkers in
the population as previously suggested [8]. However, results
of the logistic regression models indicating that risky drinkers
had higher odds ratio of ARH would favor targeting high-risk
drinkers.
Second, alcohol drinking patterns were associated with
increased risks of self-reported ARH; this association was
largely dose-dependent, corroborating findings from previous studies indicating that positive relations between overall
intake established and patterns of drinking, especially irregular heavy drinking [53], are related to nonmedical consequences of drinking. Although a few medical conditions, such
as cardiovascular disease, show a protective effect of moderate
consumption of alcohol, most conditions revealed a positive
linear or exponential relationship with the volume of alcohol
consumption [54]. In addition, we found support for our
first hypothesis that alcohol drinking patterns will increase
the risk of alcohol-related harm, even after controlling for
potential confounders. It was not possible to determine
whether abstainers reporting ARH recently quit drinking due
to these problems; this may be due to the cross-sectional
nature of the data, which precludes the drawing of causal
inference.
Third, binge or “risky” drinking was strongly predictive
of ARH than other categories of drinks per occasion or
frequency of drinking. This finding is consistent with those
from other studies among a sample of US adults [7], high
school students [55], and a Swedish population attending
primary health care [11], thus providing evidence for our
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second hypothesis that drinks per occasion (especially binge
or “risky” drinking) will be more predictive of ARH than
frequency of drinking. Despite binge or “risky” drinking
being well known as harmful to health, it is however possible
that “risky” drinking through its association with other
health-risk behaviors, such as smoking [7], plays a role in
causing alcohol-related harm. Smoking was however not
significantly associated with alcohol drinking patterns and
alcohol-related harm in this study. Comprehensive alcohol
prevention strategies should also include efforts to reach high
consumers.
Other noteworthy findings include male drinkers being
more likely than female drinkers to report ARH when
alcohol consumption was measured either as frequency of
drinking or as drinks per occasion. Similar findings have
been reported in India [56]. Plausible explanation, besides
biological differences in alcohol metabolism between men
and women, may be the higher exposure opportunities
among men due to psychological, family, and social factors
[57], given that alcohol use and related harm are linked
to gender roles, expectations, and culture in society [58].
Evidence on the sex differences found in this study echoes
the importance of identifying the differential effects of alcohol
on men and women. Individuals with lower educational
attainment and income were more likely than those of higher
education and higher income, respectively, to report ARH in
relation to both alcohol drinking patterns, which is consistent
with findings from other studies [26–29]. These findings
correspond to social gradients in health, in which those with
lower socioeconomic circumstances have worse health [59]
and may be a result of, and a way of coping with, harsh
economic and social conditions.
Non-Hispanic blacks and Hispanic/other ethnic groups
were generally more less likely to report ARH associated with
both drinking patterns compared to non-Hispanic whites,
with the exception of “alcohol interfered with responsibilities”
in relation to frequency of drinking which non-Hispanic
blacks were more likely to report than non-Hispanic whites.
These mixed findings may be linked with social and cultural
factors such as ethnic groups’ norms and attitudes regarding
alcohol use and biological factors [59–61]. Acculturation, the
partial or complete adoption of the original drinking pattern
of an ethnic group resembling that of the overall population,
may also contribute to minority drinking patterns; this in
turn may be influenced by country of origin, religious beliefs,
family traditions, and so forth [62]. Non-Hispanic blacks
and Hispanics/others have been reported to exhibit more
conservative alcohol norms and attitudes than non-Hispanic
whites [63], which is reflected in the greater abstention rates
and lower likelihood of ARH among these ethnic groups
compared to non-Hispanic whites, although consequences
of alcohol consumption and trajectories of ARH are more
significant in some ethnic groups than others [35]. These
findings call for a general awareness of ethnic differences
that what can assist public health professionals in identifying
the subpopulations most at risk for developing particular
alcohol-related problems so as to appropriately target prevention strategies [64].
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Finally, we found higher odds of ARH among those
who reported good and fair/poor physical and mental health
compared to those who reported very good/excellent physical
health, which is consistent with findings from a California
study [65], in which poor physical and mental health was
associated with binge drinking and adverse experiences
among women, and a cross-sectional study providing evidence of positive association of risk drinking with harm,
including impaired mental and physical health, cognitive
ability, and ability to perform activities of daily living [66].
Identifying individuals who drink and have poor physical and
mental health is a key step in comprehensive prevention and
intervention efforts that address physical and mental health
symptoms.
By including frequency of drinking and drinks per
occasion with the other covariates in the sensitivity analysis
accounting for the distribution of those who drink frequently
among those who consume much alcohol per occasion, and
vice versa, the odds of “family worries or complains about
alcohol use” increase almost threefold when the amount
of alcohol consumed was ≥5 drinks/occasion. This finding
provides added support for our earlier finding that binge or
“risky” drinking was strongly predictive of ARH than other
categories of drinks per occasion or frequency of drinking.
5.1. Strengths and Limitations. Among the limitations of this
study are that all ARHs are based on self-report and thereby
subject to recall error with the risk of underestimation of
true levels of drinking. The association between drinking
patterns and social harm relies on the subjective causal
relationship of the reported ARH to alcohol; however, the
cross-sectional design precludes inferences as to causality
and longitudinal studies are needed to confirm the present
findings and examine mechanisms underlying the predictors
of the outcomes. We did not provide information on the
severity or frequency of ARH since we only used binary
variables to assess ARH; this may underestimate the share of
the burden of total harm that could potentially be attributed
to heavy drinkers/frequent binge drinkers. We emphasize
that possible information bias of exposure could lead to
nondifferential misclassification since it does not depend
on the outcome; this could potentially result in underestimation of the association of interest [46]. There might
also be underreporting in self-reported data of alcohol use.
Strengths of the current study include the importance of the
key findings to alcohol prevention strategies, the nationally
representativeness of the sample, and the incorporation of
comprehensive control of potential confounders (i.e., age,
education, income, place of residence, ethnicity, physical and
mental health status, and smoking).
5.2. Policy Implications. The strategic approaches to tackling
ARH differ markedly across countries. This study provides
evidence to support important tasks needed to prevent
ARH and suggests that comprehensive alcohol prevention
strategies within countries should also include making strong
commitments is public health prevention strategies aimed at
the entire population of drinkers; this may be more effective
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for most alcohol-related problems and preferred to strategies
aimed only at the smaller subgroup of high-risk drinkers in
the population. However, efforts should also be made to reach
high consumers.

6. Conclusions
This study provides evidence that alcohol drinking patterns
were associated with increased risks of self-reported ARH
and that drinks per occasion especially binge or “risky”
drinking was strongly predictive of ARH than other categories of drinks per occasion or frequency of drinking.
Males had significantly higher likelihood of ARH in relation
to frequency of drinking and drinks per occasion. There is
a need for comprehensive public health alcohol prevention
strategies at the entire population of drinkers, including
efforts aimed at the smaller subgroup of high-risk drinkers.
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