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Introduction: Excessive alcohol use exacerbates morbidity and mortality among hepatitis C virus
(HCV)–infected people. The purpose of this study was to describe self-reported patterns of alcohol
use and examine the association with HCV infection and other sociodemographic and health-related
factors.

Methods: Data from 20,042 participants in the 2003–2010 National Health and Nutrition
Examination Survey were analyzed in 2014. Estimates were derived for self-reported demographic
characteristics, HCV-RNA (indicative of current HCV infection) status, and alcohol use at four
levels: lifetime abstainers, former drinkers, non-excessive current drinkers, and excessive current
drinkers.

Results: Former drinkers and excessive current drinkers had a higher prevalence of HCV infection
(2.2% and 1.5%, respectively) than never or non-excessive current drinkers (0.4% and 0.9%,
respectively). HCV-infected adults were estimated to ever drink five or more drinks/day almost
every day at some time during their lifetime about 3.3 times more often (43.8% vs 13.7%, po0.001)
than those who were never infected with HCV. Controlling for age, sex, race/ethnicity, education,
and having a usual source of health care, HCV infection was significantly associated with excessive
current drinking (adjusted prevalence ratio, 1.3; 95% CI¼1.1, 1.6) and former drinking (adjusted
prevalence ratio, 1.3; 95% CI¼1.1, 1.6).

Conclusions: Chronic HCV infection is associated with both former and excessive current
drinking. Public health HCV strategies should implement interventions with emphasis on alcohol
abuse, which negatively impacts disease progression for HCV-infected individuals.
(Am J Prev Med 2016;](]):]]]–]]]) Published by Elsevier Inc. on behalf of American Journal of Preventive
Medicine
Introduction
Excessive alcohol consumption causes an esti-
mated 88,000 deaths/year and $223.5 billion in
economic costs in the U.S.1 It has caused 2.5

million years of potential life lost each year in the U.S.
from 2006 to 2010. Among those who died, excessive
alcohol use shortened lives by an average of 30 years.2
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There are an estimated 2.7 million people chronically
infected with hepatitis C virus (HCV) and HCV
infection is associated with 17,000 deaths in the U.S.
each year.3,4 However, owing to under-reporting of
HCV deaths, it has been suggested that at least 80,000
HCV-infected people may have died in 2010.5 Com-
plications associated with chronic HCV infection
include cirrhosis and hepatocellular carcinoma,
which are projected to increase substantially within
the next decade and are leading causes for liver
transplantation.6–10 Alcohol use has been identified
as a primary predictor in the progression of those
complications.11 Excessive alcohol use among indi-
viduals chronically infected with HCV was associated
with an increased risk of all-cause and liver-related
mortality compared with infected people without
excessive alcohol use.12 In 2010, alcohol-related liver
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disease ranked third as a cause of death among people
with hepatitis C.4

Highlighting the comorbidity of HCV infection and
alcohol abuse, the Centers for Disease Control and
Prevention (CDC) and the U.S. Preventive Services Task
Force recommendations for HCV testing of people born
during 1945–1965 explicitly included screening for
alcohol use among HCV antibody–positive individuals.13

Although alcohol use is a known factor in the progression
of liver disease, there are few studies that have assessed
the association between chronic HCV infection and
patterns of alcohol use among U.S. adults using nation-
ally representative data. Other studies have identified a
significantly higher prevalence of HCV in liver cancer
patients with alcoholic cirrhosis.14 A study examining
patient reports of drinking among people with chronic
HCV found that almost two thirds reported drinking
more than once a week at diagnosis.15 The purpose of
this study was to describe self-reported patterns of
alcohol use and examine the association with HCV
infection and other sociodemographic and health-
related factors.

Methods
Design Overview

The National Health and Nutrition Examination Survey
(NHANES), conducted by CDC’s National Center for Health
Statistics, collects nationally representative data on the health and
nutritional status of the U.S. non-institutionalized civilian pop-
ulation. This survey uses a complex probability sampling design
and collects information from approximately 5,000 people of all
ages annually using standardized interviews, physical examina-
tions, and tests of biological samples. Participants were interviewed
in their homes to ascertain demographic characteristics and in
the Mobile Examination Center to ascertain possible risks and
exposures for HCV infection. People aged Z16 years and
emancipated minors were interviewed directly. All participants
provided written informed consent. More details on survey design,
including approval from the National Center for Health Statistics
IRB, are available from documentation from CDC.16

Measures

Main outcome was pattern of alcohol use. Analyses were restricted
to participants aged Z20 years because public use files do not
include alcohol data on those aged o20 years. Responses to
questions on amount and frequency of alcohol consumption were
used to create four mutually exclusive levels of alcohol use, adapted
from the classification by Tsai et al.17 Lifetime abstainers reported
o12 drinks ever. Former drinkers reported Z12 drinks in their
lifetime but none in the past year. Non-excessive current drinkers,
on average, reported r14 drinks/week for men or, on average,
seven or fewer drinks/week for women, and never five or more
drinks/day in a single day during the past year for either. Excessive
current drinkers, on average, reported 414 drinks/week for men
or, on average, more than seven drinks/week for women, or five or
more drinks/day in a single day at least once during the past year
for either. HCV-RNA status was determined from laboratory
testing of participant blood specimens. Specimens were tested by
CDC’s Division of Viral Hepatitis Laboratory, first for HCV
antibody (anti-HCV) using a qualitative screening test. Repeatedly
reactive specimens were then tested using a confirmatory recombi-
nant immunoblot assay. Samples with positive or indeterminate
assay results were tested for HCV-RNA. Details on laboratory
testing are available from CDC.18 Participants were classified as
chronically HCV infected if their recombinant immunoblot assay
test for anti-HCV was positive or indeterminate and their test for
HCV-RNA was positive and as never HCV infected if they were
anti-HCV–negative. Those who were anti-HCV–positive or
indeterminate but RNA-negative (resolved infections) were not
included in the analysis because of the small size of this group
(n¼90).

Several HCV- and alcohol-relevant factors were evaluated,
including access to care (have a usual source of medical care)
and having health insurance. Other independent categorical
variables included in analyses were age, sex, race/ethnicity, poverty
status, and education level. The poverty index ratio was catego-
rized for analysis into below poverty (o1.0), near poverty
(1.0–1.9), or above poverty (Z2.0).19
Statistical Analysis

The authors used SUDAAN, version 10.0, a statistical package
designed to analyze complex survey data, for all analyses except
testing related to collinearity evaluation, which was performed
using SAS, version 9.3. Estimates were weighted to represent the
total U.S. non-institutionalized civilian population and to account
for oversampling and nonresponse to the household interview and
physical examination. Weights were further adjusted to account
for the fact that not all examination participants were tested for
anti-HCV, not all participants who tested positive or indetermi-
nate for anti-HCV have serum available for HCV RNA testing, and
multiple years of data were being used. Statistical analyses were
performed in 2014.

Demographic (age at interview, sex, race/ethnicity, education,
and poverty index ratio) and other (HCV status, having a usual
source of medical care and health insurance coverage) character-
istics were estimated and compared for each pattern of alcohol
use. Chi-square tests were used for comparisons. Prevalence
ratios were obtained for two outcomes (excessive versus non-
excessive current drinking and former versus current drinking)
using simple and multivariate logistic regression models. Simple
models contained only the outcome and a single covariate.
Multivariate models were constructed using backwards elimina-
tion, with age, sex, and race/ethnicity plus variables that were
significant in the simple logistic models for each outcome
included in the initial multivariate model. The final multivariate
models contained only significant variables plus age, sex, and
race/ethnicity. When the final multivariate models were eval-
uated for collinearity, HCV infection was collinear with all other
cofactors as judged by a condition index 430.0. This problem
did not occur when similar analyses were previously performed
using only two 2-year cycles (2005–2008) of NHANES. There-
fore, the collinearity test was suspected to be oversensitive given
the increased sample size resulting from using four rather than
www.ajpmonline.org
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two cycles of NHANES. Spearman correlations were calculated
between the independent variables in each final model as an
alternative method to judge collinearity. A p-value of o0.05 was
considered statistically significant and used to determine which
covariates to retain during multivariate modeling.
Results
Of the 30,114 people aged Z20 years sampled for
NHANES 2003–2010, there were 22,173 (73.6%) inter-
viewed and 21,281 (96.0% of those interviewed) exam-
ined. Serum samples were available for anti-HCV testing
for 20,042 (94.2%) of the examined participants. Of the
456 who were anti-HCV–positive (n¼381) or indetermi-
nate (n¼75), 395 (86.6%) had additional serum available
for HCV-RNA testing; 271 were RNA-positive
(estimated RNA prevalence, 1.3%; 95% CI¼1.1, 1.5).
Of the 271 currently HCV-infected participants, 244
provided sufficient information on alcohol consumption
for inclusion in the analysis.
Estimated population characteristics by self-reported

alcohol use are shown in Table 1. Most U.S. adults were
current drinkers, most frequently non-excessive (41.7%)
drinkers. An estimated 17.2% were former drinkers and
11.3% were lifetime abstainers. Statistically significant
differences were found for all characteristics investigated
across the four categories of alcohol use. Excessive
current drinkers were younger, whereas former drinkers
or lifetime abstainers were older. Lifetime abstainers,
former drinkers, and non-excessive current drinkers
were more frequently female than male and excessive
current drinkers were more frequently male than female.
Differences were observed across patterns of alcohol
consumption within all race/ethnicity groups. Excessive
current drinkers had the lowest frequency of having a
usual source of medical care or having health insurance.
Current drinkers most frequently had income at or above
poverty level and more than a high school education.
Former and excessive current drinkers had a higher

estimated prevalence of HCV infection. Specifically,
adults with chronic infection were estimated to be former
drinkers about 1.7 times more often (31.0%, 95%
CI¼25.1, 37.6) than those never infected with HCV
(17.0%, 95% CI¼15.7, 18.3, po0.001). Among current
drinkers, HCV-infected adults were estimated to be
excessive current drinkers about 1.3 times more often
(54.9%, 95% CI¼43.2, 66.0) compared with those not
infected (41.4%, 95% CI¼40.0, 42.8, po0.05). In
addition, those with chronic infection were estimated
to have consumed five or more drinks/day every
day or almost every day at some time(s) during their life
(43.8%, 95% CI¼36.3, 51.6) about 3.3 times more often
than those not infected (13.7%, 95% CI¼13.0, 14.5,
] 2016
po0.001). Based on these differences, two separate
outcomes were investigated: excessive versus non-
excessive current drinking and former versus current
drinking.
In simple logistic models, excessive current drinking

was significantly more likely among those who were
HCV-infected, younger, male, with no usual source of
medical care or no health insurance, with no education
above high school, and with income below twice the
poverty level. Furthermore, excessive current drinking
was significantly less likely among non-Hispanic blacks
(Table 2). In the final multivariate model, HCV infec-
tion was still significantly associated with excessive
current drinking; only health insurance and poverty
did not retain significant associations (Table 2). When
testing for collinearity, only removing the variable for HCV
resulted in all condition indices being o30.0. Spearman
correlations between the six independent variables
in the final model ranged from 0.01064 to 0.21731;
only three were 40.1 (0.14309, 0.14940, and 0.21731)
and all correlations with the HCV status variable
were o0.1.
Estimated characteristics of former and current (both

non-excessive and excessive) drinkers are shown in
Table 3. Former drinking was significantly more likely
among those who were HCV-infected, older, female, of
non-Hispanic black race/ethnicity, and with high school
education or less. Additionally, former drinking was
significantly more likely among those having a usual
source of medical care or health insurance and an income
less than twice the poverty level. In simple logistic
models, being a former rather than a current drinker
was significantly more likely among those who were
HCV-infected, of non-Hispanic black race/ethnicity, and
with high school education or less or income less than
twice poverty level, and significantly less likely among
those who were younger, male, and who had no health
insurance or usual source of medical care (Table 4). In
the final multivariate model, only health insurance
coverage did not remain statistically associated with
being a former drinker (Table 4). When testing for
collinearity, only removing the variable for HCV status
resulted in all condition indices being o30.0. Spearman
correlations between the seven independent variables in
the final model ranged from 0.00289 to 0.37306; six were
40.1 (0.10747, 0.11034, 0.13663, 0.15224, 0.23306, and
0.373106) and all correlations with the HCV status
variable were o0.1.
Because Spearman correlations did not indicate high

levels of correlation between independent variables in
either of the final multivariate models, models presented
in Tables 2 and 4 were believed to be statistically valid
and not subject to problems with collinearity.



Table 1. Estimated Population Characteristics by Patterns of Alcohol Consumption Among Adults Aged Z20 Years, NHANES
2003–2010 (n¼18,365)

Characteristic

Pattern of alcohol consumption

Lifetime abstainers Former drinkers
Non-excessive
current drinkers

Excessive
current drinkers

n % (95% CI) n % (95% CI) n % (95% CI) n % (95% CI)

Total 2,568 11.3 (10.4, 12.4) 3,804 17.2 (15.9, 18.6) 7,285 41.7 (40.4, 43.1) 4,708 29.8 (28.3, 31.2)

Age groupa

20–29 y 444 18.6 (16.6, 20.8) 281 7.9 (6.8, 9.2) 1,081 14.3 (13.2, 15.7) 1,397 31.7 (29.9, 33.6)

30–39 y 346 15.6 (13.7, 17.8) 387 12.4 (11.0, 14.0) 1,200 17.7 (16.6, 18.8) 1,073 23.9 (22.2, 25.8)

40–49 y 324 14.1 (12.4, 15.8) 549 20.1 (18.4, 21.9) 1,250 21.4 (19.9, 23.0) 973 22.7 (21.0, 24.5)

50–59 y 275 14.9 (12.7, 17.2) 607 21.0 (19.1, 23.1) 1,181 21.2 (19.7, 22.7) 606 13.4 (11.7, 15.2)

60–69 y 454 14.1 (12.5, 15.8) 824 16.7 (15.2, 18.2) 1,227 13.4 (12.3, 14.6) 454 6.0 (5.3, 6.9)

70þ y 725 22.7 (20.3, 25.3) 1,156 21.9 (19.8, 24.2) 1,346 12.0 (10.8, 13.3) 205 2.3 (1.9, 2.6)

Sexa

Male 637 27.4 (24.8, 30.1) 1,897 47.0 (45.1, 48.9) 3,170 40.9 (39.7, 42.1) 3,306 68.5 (67.0, 70.0)

Female 1,931 72.6 (69.9, 75.2) 1,907 53.0 (51.1, 54.9) 4,115 59.1 (57.9, 60.3) 1,402 31.5 (30.0, 33.0)

Race/ethnicitya

Mexican American 579 9.6 (7.3, 12.5) 715 7.9 (5.8, 10.6) 1,137 6.2 (5.2, 7.4) 1,048 10.2 (8.2, 12.7)

Other Hispanic 224 5.6 (4.2, 7.6) 243 3.6 (2.7, 4.8) 519 4.0 (3.0, 5.2) 341 4.2 (3.2, 5.5)

Non-Hispanic white 1,033 58.4 (52.2, 64.4) 1,927 70.8 (65.7, 75.5) 3,886 73.0 (70.0, 75.9) 2,480 74.1 (70.7, 77.1)

Non-Hispanic black 559 16.2 (12.9, 20.1) 806 12.8 (10.3, 15.7) 1,437 11.4 (9.7, 13.3) 679 7.6 (6.6, 8.8)

All others/multi 173 10.2 (8.0, 12.9) 113 4.9 (3.7, 6.4) 306 5.4 (4.4, 6.7) 160 3.9 (3.2, 4.8)

HCV statusa

HCV-RNA–positive 10 0.4b (0.2, 0.9) 84 2.2 (1.7, 2.8) 64 0.9 (0.6, 1.2) 86 1.5 (1.1, 2.0)

Anti-HCV–negative 2,554 99.6 (99.1, 99.8) 3,690 97.8 (97.2, 98.3) 7,194 99.1 (98.8, 99.4) 4,590 98.5 (98.0, 98.9)

Usual source of medical carea

Yes 2,232 87.5 (85.6, 89.2) 3,413 90.1 (88.6, 91.4) 6,426 89.1 (88.0, 90.1) 3,587 78.7 (76.9, 80.4)

No 336 12.5 (10.8, 14.4) 391 9.9 (8.6, 11.4) 859 10.9 (9.9, 12.0) 1,121 21.3 (19.6, 23.1)

Health insurancea

Yes 1,975 80.4 (77.9, 82.6) 3,111 83.6 (81.5, 85.4) 5,917 84.9 (83.4, 86.4) 3,178 74.6 (72.8, 76.4)

No 591 19.6 (17.4, 22.1) 682 16.4 (14.6, 18.5) 1,355 15.1 (13.6, 16.6) 1,518 25.4 (23.6, 27.2)

Poverty index ratioa

o1.0 (poor) 597 18.0 (15.7, 20.4) 794 15.4 (13.5, 17.4) 992 9.7 (8.6, 11.0) 914 13.3 (12.0, 14.8)

1.0–1.9 (near poor) 798 30.2 (27.9, 32.7) 1,157 27.1 (24.9, 29.3) 1,563 16.5 (15.2, 17.8) 1,060 17.6 (16.1, 19.2)

Z2.0 (not poor) 949 51.8 (48.3, 55.3) 1,583 57.5 (55.1, 60.0) 4,285 73.8 (72.0, 75.5) 2,438 69.1 (66.8, 71.2)

Educationa

oHS 1,000 27.6 (24.6, 30.7) 1,468 27.2 (24.6, 29.8) 1,519 13.0 (12.0, 14.2) 1,257 17.1 (15.5, 18.9)

(continued on next page)
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Table 1. Estimated Population Characteristics by Patterns of Alcohol Consumption Among Adults AgedZ20 Years, NHANES
2003–2010 (n¼18,365) (continued)

Characteristic

Pattern of alcohol consumption

Lifetime abstainers Former drinkers
Non-excessive
current drinkers

Excessive
current drinkers

n % (95% CI) n % (95% CI) n % (95% CI) n % (95% CI)

HS graduate/GED 607 25.9 (23.3, 28.7) 973 29.7 (27.4, 32.1) 1,643 22.4 (20.9, 24.0) 1,185 24.9 (23.1, 26.8)

ZHS graduate 958 46.5 (42.7, 50.4) 1,355 43.1 (39.7, 46.7) 4,117 64.6 (62.5, 66.6) 2,263 58.0 (55.2, 60.7)

aChi-square po0.001 for overall difference in characteristic by pattern of alcohol consumption.
bEstimate may be unstable because the relative SE is 430% and should be interpreted with caution.
GED, general educational development test; HCV, hepatitis C virus; HS, high school; NHANES, National Health and Nutrition Examination Survey.
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Discussion

Patterns of alcohol use were estimated in a representative
sample of the general U.S. population aged Z20 years.
The study examined whether selected sociodemographic
and health-related factors, including HCV infection,
were associated with alcohol drinking patterns. Former
drinkers and excessive current drinkers had the highest
prevalence of HCV infection. Controlling for other
factors, HCV infection remained significantly associated
with both excessive current drinking and former drink-
ing. Former drinkers were significantly more likely to be
non-Hispanic black, with chronic HCV infection, high
school education or less, and income less than twice the
poverty level. Additionally, former drinkers were signifi-
cantly less likely among those of younger age, male sex,
and with no usual source of medical care. Excessive
current drinkers were significantly more likely among
those of younger age, male sex, high school education or
less, and with no usual source of medical care and
significantly less likely among non-Hispanic blacks.

Former drinkers were older with a usual source of
medical care or health insurance and perhaps more likely
to have had their infection progress to a point where they
sought medical care, received an HCV diagnosis, and
were advised to stop drinking. Excessive current drinkers
being younger and with perhaps less disease progression
and being less likely to have a usual source of medical
care or health insurance may have been also less likely to
have been diagnosed and advised to stop drinking.
Morbidity and mortality among people with chronic
HCV infection is exacerbated by excessive alcohol use,
which accelerates fibrosis.12,20 Those with HCV who are
hospitalized for alcohol-related complications have a
24% longer length of stay and are twice as likely to die
during the hospitalization.21 Clinical management guide-
lines for HCV-infected individuals include addressing
alcohol use before initiating treatment for HCV.22 This is
important, given that the latest generation of HCV
] 2016
treatments has expanded viral genetic targets of therapy.
When used in combination as all-oral therapies or
together with pegylated interferon and ribavirin, an
estimated 90% of treated patients achieved cure after
12–24 weeks of therapy.23 However, physicians are less
inclined to offer treatments to patients if they have a
history of alcohol use, despite being abstinent even a year
before therapy.24 There are challenges to HCV infection
treatment, particularly the lack of infrastructure in
prevention strategies and the lack of awareness of
effective therapies.25 Although abstinence from alcohol
is preferred, it may not be realistic or necessary for
physicans to expect of HCV-infected people.26 One
option is to use the 2010 U.S. Dietary Guidelines for
Americans, which recommend that women consume one
or fewer drink/day and men consume two or fewer
drinks/day.27

A follow-up survey of people with positive anti-HCV
test results during NHANES 2001–2008 found that
50.3% were unaware of their HCV status before being
notified of their positive test by NHANES and that lack
of health insurance was associated with being unaware
of their infection.28 Of those who had visited a health-
care professional regarding their first positive anti-HCV
test and had been told they needed regular medical
follow-up, nearly 88% reported they had been advised to
avoid or limit alcoholic beverages. However, their self-
reported drinking, on average, one or more drink/day
during the past 12 months, did not differ from those
who said they had not been told to avoid or limit alcohol
(49.1% vs 50.0%).28 This highlights the need for health
professionals to offer comprehensive and effective
interventions targeting alcohol use/abuse for HCV-
infected individuals. Integrated hepatology care systems
that offer access to mental health clinicians and patient-
aligned care teams would be an ideal setting for such
interventions.29

Excessive alcohol use is a preventable medical and
social problem that may be reduced through behavior



Table 2. Factors Associated With Excessive Drinking Among Current Drinkers Aged Z20 Years, NHANES 2003–2010
(n¼11,993)

Characteristic

Prevalence ratios for excessive current drinking

Simple logistic model, prevalence ratio
(95% CI)

Final multivariate model, adjusted prevalence
ratio (95% CI)

Age group

20–39 y 4.7 (4.0, 5.5)*** 4.6 (3.9, 5.4)***

40–49 y 3.7 (3.1, 4.3)*** 3.6 (3.1, 4.3)***

50–59 y 2.6 (2.1, 3.3)*** 2.6 (2.1, 3.2)***

60–69 y 2.1 (1.7, 2.5)*** 2.1 (1.7, 2.5)***

70þ y ref ref

Sex

Male 2.0 (1.9, 2.1)*** 1.9 (1.8, 2.0)***

Female ref ref

Race/ethnicity

Non-Hispanic black 0.8 (0.7, 0.9)*** 0.7 (0.6, 0.8)***

All others ref ref

HCV status

HCV-RNA–positive 1.3 (1.1, 1.6)* 1.3 (1.1, 1.6)*

Anti-HCV–negative ref ref

Usual source of medical care

Yes ref ref

No 1.5 (1.4, 1.6)*** 1.1 (1.02, 1.2)*

Health insurance NS

Yes ref

No 1.4 (1.3-1.5)***

Education

oHS graduate 1.2 (1.1, 1.3)*** 1.2 (1.1, 1.3)***

HS graduate/GED 1.1 (1.04, 1.2)** 1.1 (1.05, 1.2)**

4HS graduate ref ref

Poverty index ratio NS

o1.0 1.2 (1.1, 1.3)***

1.0–1.9 1.1 (1.01, 1.2)*

Z2.0 ref

Note: Boldface indicates statistical significance (*po0.05, **po0.01, ***po0.001) for logistic model coefficients.
GED, general educational development test; HCV, hepatitis C virus; HS, high school; NHANES, National Health and Nutrition Examination Survey; NS,
not significant in multivariate models, not included in final model.
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modification. To reduce alcohol misuse, the U.S.
Preventive Services Task Force recommended alcohol
screenings and brief behavioral counseling interven-
tions in primary care settings for adults.30 The Task
Force found that behavioral counseling could reduce
total number of drinks/week, episodes of binge or
heavy episodic drinking, and increase adherence to
drinking guidelines at 6–12 months of follow-up.
www.ajpmonline.org



Table 3. Estimated Characteristics of Former and Current Drinkers Aged Z20 years, NHANES 2003–2010 (n¼15,797)

Characteristic

Former drinkers Current drinkers

n % (95% CI) n % (95% CI)

Age group***

20–29 y 281 7.9 (6.8, 9.2)*** 2,478 21.6 (20.4, 22.9)***

30–39 y 387 12.4 (11.0, 14.0)*** 2,273 20.3 (19.2, 21.4)***

40–49 y 549 20.1 (18.4, 21.9) 2,223 22.0 (20.9, 23.1)

50–59 y 607 21.0 (19.1, 23.1)*** 1,787 17.9 (16.9, 19.0)***

60–69 y 824 16.7 (15.2, 18.2)*** 1,681 10.3 (9.5, 11.2)***

70þ y 1,156 21.9 (19.8, 24.2)*** 1,551 7.9 (7.2, 8.8)***

Sex***

Male 1,897 47.0 (45.1, 48.9)*** 6,476 52.4 (51.6, 53.2)***

Female 1,907 53.0 (51.1, 54.9)*** 5,517 47.6 (46.8, 48.4)***

Race/ethnicity*

Mexican American 715 7.9 (5.8, 10.6) 2,185 7.8 (6.4, 9.5)

Other Hispanic 243 3.6 (2.7, 4.8) 860 4.1 (3.2, 5.2)

Non-Hispanic white 1,927 70.8 (65.7, 75.5) 6,366 73.5 (70.5, 76.2)

Non-Hispanic black 806 12.8 (10.3, 15.7)* 2,116 9.8 (8.5, 11.3)*

All others/multi 113 4.9 (3.7, 6.4) 466 4.8 (4.1, 5.7)

HCV status***

HCV-RNA–positive 84 2.2 (1.7, 2.8)*** 150 1.1 (0.9, 1.4)***

Anti-HCV–negative 3,690 97.8 (97.2, 98.3)*** 11,784 98.9 (98.6, 99.1)***

Usual source of medical care***

Yes 3,413 90.1 (88.6, 91.4)*** 10,013 84.8 (83.7, 85.8)***

No 391 9.9 (8.6, 11.4)*** 1,980 15.2 (14.2, 16.3)***

Health insurance**

Yes 3,111 83.6 (81.5, 85.4)** 9,095 80.7 (79.3, 82.0)**

No 682 16.4 (14.6, 18.5)** 2,873 19.3 (18.0, 20.7)**

Poverty index ratio***

o1.0 (poor) 794 15.4 (13.5, 17.4)*** 1,906 11.2 (10.2, 12.3)***

1.0–1.9 (near poor) 1,157 27.1 (24.9, 29.3)*** 2,623 17.0 (15.9, 18.0)***

Z2.0 (not poor) 1,583 57.5 (55.1, 60.0)*** 6,723 71.8 (70.2, 73.4)***

Education***

oHS 1,468 27.2 (24.6, 29.8)*** 2,776 14.7 (13.6, 15.9)***

HS graduate/GED 973 29.7 (27.4, 32.1)*** 2,828 23.5 (22.3, 24.6)***

ZHS graduate 1,355 43.1 (39.7, 46.7)*** 6,380 61.8 (59.9, 63.7)***

Note: Asterisks indicate statistical significance chi-square for overall difference in characteristic by level of alcohol consumption (*po0.05, **po0.01,
***po0.001).
GED, general educational development; HCV, hepatitis C virus; HS, high school; NHANES, National Health and Nutrition Examination Survey.
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Table 4. Factors Associated With Former Versus Current Drinking Among Adults Aged Z20 Years, NHANES 2003–2010
(n¼15,797)

Characteristic

Prevalence ratios for being a former vs a current drinker

Simple logistic model, prevalence
ratio (95% CI)

Final multivariate model, adjusted prevalence
ratio (95% CI)

Age group

20–39 y 0.26 (0.23, 0.30)*** 0.30 (0.26, 0.34)***

40–49 y 0.45 (0.40, 0.51)*** 0.51 (0.45, 0.58)***

50–59 y 0.55 (0.48, 0.63)*** 0.64 (0.55, 0.73)***

60–69 y 0.70 (0.62, 0.79)*** 0.75 (0.66, 0.85)***

70þ y ref ref

Sex

Male 0.8 (0.7, 0.9)*** 0.9 (0.8, 0.9)***

Female ref ref

Race/ethnicity

Non-Hispanic black 1.3 (1.1, 1.4)** 1.2 (1.01, 1.3)*

All others ref ref

HCV status

HCV-RNA–positive 1.7 (1.4, 2.0)*** 1.3 (1.1, 1.6)*

Anti-HCV–negative ref ref

Usual source of medical care

Yes ref ref

No 0.7 (0.6, 0.8)*** 0.8 (0.7, 0.9)**

Health insurance NS

Yes ref

No 0.8 (0.7, 0.9)**

Education

oHS graduate 2.1 (1.9, 2.4)*** 1.7 (1.5, 1.9)***

HS graduate/GED 1.6 (1.4, 1.8)*** 1.4 (1.3, 1.6)***

4HS graduate ref ref

Poverty index ratio

o1.0 1.5 (1.4, 1.7)*** 1.5 (1.3, 1.7)***

1.0–1.9 1.7 (1.6, 1.9)*** 1.5 (1.3, 1.6)***

Z2.0 ref ref

Note: Boldface indicates statistical significance (*po0.05, **po0.01, ***po0.001) for logistic model coefficients.
GED, general educational development; HCV, hepatitis C virus; HS, high school; NHANES, National Health and Nutrition Examination Survey; NS, not
significant in multivariate models; not included in final model.
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There is evidence that brief counseling with follow-up
and external support can be effective in controlling
alcohol use among people with HCV infection.29

Motivational Enhancement Therapy has been found
to increase abstinence among chronic HCV patients
who currently drink and suffer from alcohol use dis-
orders.29

Excessive current drinkers were younger and less likely
to have insurance or a usual source of care, suggesting a
need for targeted alcohol prevention beyond healthcare
www.ajpmonline.org
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settings. The Community Preventive Services Task Force
Guide reviewed evidence-based strategies to prevent
excessive alcohol consumption, and recommended strat-
egies that include but are not limited to increasing
alcohol taxes, regulation of alcohol outlet density, and
maintaining limits on days of sale.30

Limitations
There were limitations to this study. NHANES data
are generalizable to the non-institutionalized civilian
population of the U.S. and exclude the homeless and
those living in correctional institutions (among whom
injection drug use and HCV infection are higher than in
the general population) and other group settings (e.g.,
student dormitories, military recruits). It was estimated
that these marginalized groups account for almost 1
million HCV-infected people.31 Furthermore, an esti-
mated 50%–90% of people who inject drugs have
anti-HCV, depending on the duration of their use.32,33

Injection drug users are stigmatized and often decline to
answer questions related to health behaviors or undergo
phlebotomy procedures.31 If this group were also to be
identified in household surveys, there could be an
increase of more than 1 million Americans identified
with HCV infection.31 Possible impact of these exclu-
sions on the association between alcohol use and HCV
infection could not be assessed. Importantly, temporal
sequence cannot be determined between HCV infection
and drinking patterns using cross-sectional data. In
addition, alcohol use was self-reported and therefore
subject to response and recall bias. Finally, data are not
available on average lifetime alcohol consumption or
duration of drinking, so these factors could not be
evaluated.

Conclusions
In summary, former and excessive current drinkers had
the highest prevalence of chronic HCV infection. Higher
prevalence of HCV infection among excessive current
drinkers indicates a need for more-comprehensive
approaches to primary, secondary, and tertiary care.
People infected with HCV are often not aware of their
infection status, and thus not aware of the medical risks
associated with the consumption of alcohol or guidelines
to educate them on reducing alcohol intake. The imple-
mentation of behavioral screenings to identify at-risk
drinking among both HCV-infected and uninfected
individuals could prevent alcohol abuse and serve as a
platform to educate patients on the associated risks.
Targeted strategies should emphasize testing to increase
HCV awareness among undiagnosed people and
decrease disease progression among the infected.
] 2016
Findings suggest that many excessive current drinkers
did not have a usual source of medical care and or health
insurance. Public health actions against alcohol abuse,
therefore, should also be available outside of clinical
settings and targeted to both those with and without
HCV infection.
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