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Abstract

Background

Alcohol consumption is highly prevalent in the general population and among HIV-infected

population. This study aimed to compare the pattern of alcohol consumption and to describe

characteristics associated with heavy alcohol consumption in individuals from the general

population with patients infected with HIV.

Methods

Participants for this analysis came from a population-based cross-sectional study and from

a consecutive sampling of patients infected with HIV. Participants aged 18 years or older

were interviewed using similar questionnaires with questions pertaining to socio-demo-

graphic characteristics, alcohol consumption, smoking, physical activity, and HIV-related

characteristics, among others. Blood pressure and anthropometric measures were mea-

sured using standardized procedures.

Results

Weekly alcohol consumption was more prevalent among individuals from the general popu-

lation than HIV-infected patients: 57.0 vs. 31.1%, P<0.001. The prevalence of heavy epi-

sodic drinking was higher in the population sample as well: 46.1 vs. 17.0%, P<0.001. In the

general population, heavy alcohol consumption was more prevalent in men. Cigarette

smoking was independently associated with heavy alcohol consumption among HIV

infected (Prevalence Ratio; PR = 5.9; 95%CI 2.6–13.9; P<0,001) and general population

(PR = 2.6; 95%CI 1.9–3.0; P<0.001). Years at school were inversely associated with heavy
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alcohol consumption among HIV-infected patients and directly associated among partici-

pants from the general population, even after controlling for sex, age, skin color, and

smoking.

Conclusions

Heavy alcohol consumption is more prevalent in the general population than among HIV-

infected patients. Individuals aware about their disease may reduce the amount of alcoholic

beverages consumption comparatively to healthy individuals from the general population.

Introduction
Regular consumption of alcoholic beverages is a habit of at least half of the world adult popula-
tion [1–4]. This habit decreases with age, is more common among men and is directly associ-
ated with socioeconomic status [1]. Heavy alcohol consumption occurs in 3 to 39% of
individuals [5–10]. The large variation in the prevalence of heavy alcohol consumption may be
partially explained by the variable definition of heavy alcohol consumption [7,11].

Diseases related to alcohol consumption vary in frequency and by region. Eastern Europe
and Latin America have the highest burden of mortality attributable to alcohol consumption,
which primarily affects men [12]. The risk is directly related to the amount of alcohol con-
sumed [11]. People infected with HIV also have heavy alcohol consumption, ranging from 8
[13, 14] to 50% [15–17], which may result in lower adherence to antiretroviral treatment
(ART), reduced immunity [18], and progression to AIDS [18–21]. Besides, alcohol consump-
tion may increase risky sexual behavior, such as unprotected sex, multiple partners, and selling
sex [22]. In addition, few individuals with disorder associated with alcohol use receive treat-
ment for HIV [23].

The possibility that the pattern of alcohol consumption differs between individuals in the
population and in HIV-infected individuals is expected. The overall risky behavior of individu-
als infected with HIV may suggest that they abuse from alcoholic beverages more frequently
[20]. On the other side, free-living individuals may consume higher amounts of alcoholic bev-
erages because of beliefs of beneficial effects of alcohol in the prevention of cardiovascular dis-
ease [24,25]. Nonetheless, comparative studies of alcohol consumption in the general
population and in patients infected with HIV have not been reported to date. Therefore, the
aims of this investigation were to compare the prevalence of risky alcohol consumption and
factors associated with this consumption in individuals selected from the population and indi-
viduals infected with HIV.

Participants and Methods

Study population
Two cross-sectional studies were conducted in Porto Alegre, southern Brazil, to investigate alco-
hol consumption among adults aged 18 years or older. The population-based study [26,27] and
the study of risk factors for metabolic syndrome and lipodystrophy in HIV-infected patients
[28] used similar methods and instruments to investigate risk factors. In brief, the SOFT study
enrolled 1858 participants, aged between 18 and 90 years, randomly selected through a multi-
stage sampling. Participants were interviewed at home about risk factors for non-communicable
diseases, cardiovascular morbidity and lifestyle [26,27]. In the SMEL study, 1240 consecutive
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patients with 18 years or more, who were referred to an outpatient center for the treatment of
HIV/AIDS were enrolled [28–30]. They were interviewed about use of antiretroviral treatment,
morbidity associated with HIV-infection, lifestyle characteristics, risk factors for non-communi-
cable diseases and cardiovascular disease [26,30]. Both studies were approved by the Institu-
tional Review Board of the Hospital de Clínicas de Porto Alegre, which is accredited by the
Office of Human Research Protections. All participants signed a consent form.

Studied variables
Standardized questionnaires were used to investigate characteristics such as demographic (age,
categorized into 18–34, 35–49 or� 50 years; gender, and self-reported skin color: white or
nonwhite), socioeconomic (education, defined by years at school, categorized into 0–4, 5–8 or
9–13 years), lifestyle (alcohol consumption and smoking), diabetes mellitus (previous medical
diagnosis or use of anti-diabetic medication). The consumption of alcoholic beverages was esti-
mated with questions about the amount and frequency of intake of each drink in the six
months preceding the interview. The amount of ethanol, in grams per day, has been calculated
and categorized into abstemious, social (0–15, for women, and 0–29, for men) or heavy (�15,
for women, and�30, for men [7, 27]. Heavy episodic drinking was defined by the consump-
tion of five or more drinks on a single occasion. Individuals who used to drink several days dur-
ing the week were considered weekly drinkers. Patients who smoked 100 or more cigarettes
during lifetime were categorized as current smokers or former smokers, opposing to non-
smokers. Participants have been interviewed regarding the HIV-infection and the use of antire-
troviral therapy, and information was also obtained by the review of medical records. Data col-
lection was performed by trained research assistants, under supervision, and 5% of interviews
were repeated for quality control. Blood pressure was measured with an oscillometric monitor
(OMRON CP-705), and the average of four measurements was employed in analysis. Diagnosis
of hypertension was based on systolic blood pressure�140 mmHg or diastolic blood pressure
�90 mmHg, or the use of blood pressure-lowering drugs.

Sample size calculation and statistical analysis
The sample size calculation for the original studies was based on socioeconomic characteristics
(such as, education level, measured by the years at school, SES) and risk factors for cardiovas-
cular diseases or metabolic syndrome as outcomes [28,29]. The sample size of the SOFT study
was able to detect a prevalence of heavy alcohol consumption of 20% among those with high
SES and 15.0% among low SES, with 80% power and 95%CI, and to identify a prevalence ratio
(PR) of at least 1.3. Data were entered in duplicate in a database created using EPINFO 7 (Cen-
ters for Disease Control and Prevention, Atlanta, United States). Statistical analysis was done
with the Statistical Package for Social Sciences (version 17.0, SPSS Inc., Chicago, Illinois, USA)
and the complex sampling module has been used in the population-based study. The Chi-
square test and the t test or ANOVA were used in the bivariate analysis. Cox regression model,
with time equal to one, was used to modelling the association of at risk drinking with sex, age,
skin color, education, and smoking. Adjusted and unadjusted prevalence ratios (PR) and 95%
CI were calculated.

Results
We investigated 1858 in the population based survey and 1240 in the HIV-infected sample. Fif-
teen HIV-infected patients refused to participate and 40 did not meet the eligibility criteria due
to age, deprivation of liberty or pregnancy. Table 1 shows characteristics of participants of the
general population and HIV-infected patients. Individuals surveyed in the general population
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were, on average, older (43.9 ±19.1 vs. 39.1 ±10.1 years) and had higher education level (9.3
±4.7 vs. 7.5 ±4.1 years at school) than the patients infected with HIV. Approximately a third of
the general population and the HIV-infected were abstemious, and almost two thirds of both
populations were current drinkers. Among the general population, 26% of participants were
current smokers vs. 42.3% of HIV-infected, 66% of whom have used HAART during lifetime.

Weekly frequency of drinking was more common among individuals selected from the gen-
eral population than among patients infected with HIV (57 vs. 31%; P<0.001) (Table 2). Heavy
episodic drinking was also more frequent among individuals selected in the population (46.1
vs. 17.0%; P<0.001). Moreover, the prevalence of heavy alcohol consumption in the general
population was almost twice the observed in the HIV-infected patients (10.3 vs. 5.6%;
P<0,001). The analysis of current drinkers showed that about 92% of the general population
sample and almost half of the HIV-infected population (46.7%) reported weekly intake of alco-
holic beverages.

Table 3 shows characteristics associated with heavy alcohol consumption in both studies
with and without adjustment for sex, age, skin color, education, and smoking. The prevalence
of heavy alcohol consumption was 78% higher in men from the general population than

Table 1. Characteristics of subjects HIV-infected and the general population from southern Brazil [%
or mean (SD)].

HIV-infected (n = 1240) General population (n = 1858)

Males 50.6 41.7

Age (years) 39.1 (10.1) 43.9 (19.1)

White skin color 57.3 71.6

Years at school 7.5 (4.1) 9.3 (4.7)

Current alcohol consumption 66.6 62.1

Smoking

No 34.0 54.5

Ex-smokers 23.6 18.9

Current 42.3 26.6

HAART use 65.7 -

Diabetes mellitus 8.5 7.0

Hypertension 19.4 34.2

doi:10.1371/journal.pone.0158535.t001

Table 2. Pattern of drinking among HIV-infected patients and the general population from southern Brazil (%).

Overall Current drinkers

HIV-infected (n = 1240) General population (n = 1848) HIV-infected (n = 826) General population (n = 1027)

Weekly frequency of drinking 31.1 57.0 46.7 92.2

P value <0.001 <0.001

Consumption of alcohol

Abstemious 33.4 37.9 - -

Social 61.0 51.9 91.6 83.3

Heavy 5.6 10.3 8.4 16.7

P value 0.5 0.048

Heavy consumption of alcohol 5.6 10.3 8.4 16.7

P value <0.001 <0.001

Heavy episodic drinking 17.0 46.1 25.4 77.2

P value <0.001 <0.001

doi:10.1371/journal.pone.0158535.t002
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women. This association was observed in the HIV-infected population. The bivariate associa-
tion between skin color and heavy alcohol consumption observed in the population sample
was no longer significant after adjustment for confounding factors. There was no association
among patients infected with HIV. Participants from the population sample and those infected
with HIV had similar associations of other risk factors with heavy alcohol consumption. In the
population infected with HIV, current smokers were approximately six times more likely to be
heavy drinkers than non-smokers, while in the general population individuals who smoke were
almost three times more likely. Heavy alcohol consumption was inversely associated with edu-
cation in the HIV-infected population and direct associated in the general population. Among
HIV-infected, participants who have hypertension were approximately two times more likely
to be heavy alcohol drinkers than non-hypertensive participants, and the association became
even more significant after controlling for confounding factors.

Table 3. Characteristics associated with heavy alcohol consumption among HIV-infected patients and individuals from the general population.

HIV-infected General population

PR (CI95%) PR (CI95%)* PR (CI95%) PR (CI95%)*

Gender

Women 1.00 1.00 1.00 1.00

Men 0.99 (0.98–1.00) 1.51 (0.92–2.50) 1.36 (0.95–1.94) 1.78 (1.25–2.53)

P 0.08 0.10 0.09 0.002

Age (years)

18–34 1.00 1.00 1.00 1.00

35–49 0.69 (0.42–1.15) 0.62 (0.38–1.03) 0.73(0.48–1.13) 0.74 (0.48–1.16)

�50 0.94 (0.48–1.83) 0.92 (0.48–1.80) 0.61(0.43–0.87) 0.76 (0.52–1.12)

P 0.3 0.16 0.03 0.3

Skin color

White 1.00 1.00 1.00 1.00

Non-white 1.16 (0.73–1.83) 1.04 (0.65–1.66) 1.49 (1.03–2.15) 1.41 (0.99–2.02)

P 0.5 0.88 0.03 0.06

Years at school

9–13 1.00 1.00 1.00 1.00

5–8 1.95 (1.04–3.66) 1.82 (0.95–3.45) 1.37 (0.98–1.91) 0.88 (0.61–1.27)

0–4 2.73 (1.45–5.12) 2.60 (1.30–5.15) 0.70 (0.37–1.31) 0.40 (0.25–0.72)

P 0.008 0.02 0.07 0.01

Smoking

No 1.00 1.00 1.00 1.00

Ex-smokers 3.12 (1.20–8.15) 2.77 (1.04–7.38) 1.29 (0.86–1.94) 1.45 (0.94–2.25)

Current 6.70 (2.90–15.50) 5.96 (2.56–13.87) 2.62 (1.94–3.52) 2.61 (1.90–3.60)

P < 0.001 < 0.001 <0.001 < 0.001

Diabetes mellitus

No 1.00 1.00 1.00 1.00

Yes 0.86 (0.35–2.09) 0.98 (0.38–2.55) 0.80 (0.38–1.68) 0.61 (0.29–1.30)

P 0.7 0.9 0.6 0.2

Hypertension

No 1.00 1.00 1.00 1.00

Yes 1.81 (1.11–2.97) 2.24 (1.32–3.80) 1.21 (0.87–1.69) 1.08 (0.75–1.56)

P 0.02 0.003 0.3 0.7

* Prevalence Ratio adjusted for sex, age, skin color, education, and smoking

doi:10.1371/journal.pone.0158535.t003
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Discussion
This study found a lower prevalence of alcohol consumption on weekly basis, heavy episodic
drinking, and heavy alcohol consumption in the population infected with HIV than among
individuals from the general population. These differences were more pronounced among cur-
rent drinkers. The association of risk factors with heavy alcohol consumption were not sub-
stantially different among participants from both samples, such as male gender, years at
school, and smoking. Non-white skin color showed a borderline association in the general pop-
ulation, but no association was found among HIV-infected individuals. Hypertension was
associated with heavy drinking in patients infected with HIV, but not among individuals of the
population–based study. The prevalence of alcohol consumption observed in this study is in
line with the estimates from other surveys, conducted in the general population and among
HIV-infected patients [1–5, 31–33]. The prevalence of heavy alcohol consumption, however,
was lower than previously described for HIV-infected individuals [13,14,16–17,21,33]. In a
cohort study among U.S. veterans, 20% of those infected with HIV had a pattern of alcohol
consumption that put them at risk for adverse health events and 33% were episodic heavy
drinkers. Nonetheless, veterans were older, mostly males, and African Americans [17], while
our sample had similar gender distribution and predominantly white skin color.

The novelty of our study is the finding that individuals infected with HIV have lower preva-
lence of risky patterns of alcohol use, such as weekly frequency, heavy consumption, and heavy
episodic drinking. We are not aware of a previous comparison of the consumption of alcohol
in the general population and among HIV-infected individuals. The underlying reasons for
lower prevalence of risky alcohol consumption by HIV-infected individuals may be related to
their awareness of being sick, and the necessity to adhere to healthier life style recommenda-
tions to control their disease. They also may be concerned about the consequences of alcohol
on the effect of antiretroviral drugs. On the other hand, individuals from the general popula-
tion are probably less preoccupied with the deleterious effects of alcoholic beverages consump-
tion [24,27,34]. They may even believe that alcohol is good for cardiovascular health. These
hypotheses could not be tested in our study, since we did not investigate if participants of both
studies had different expectations about the health effects of alcohol. Marked differences
among current drinkers of the two populations are indirect evidence that HIV-infected patients
have changed their pattern of drinking after the diagnosis of HIV. Population-based studies
have shown an inverse association between excessive alcohol consumption and education [5–
7,35–37], as well as a direct association [36–37] (an U shaped association). However the differ-
ence between those with high and low level of education seems to be the report of a drinking
problem (negative consequences of alcohol), which is higher among those with less education,
even when the pattern of alcohol consumption is similar [38]. In relation to the general popula-
tion, our study showed results comparable to those observed in a British cohort [36] and a
national survey in the U.S. [37]. In addition to the differences between populations and instru-
ments used to characterize problematic alcohol consumption [23], some social attributes could
explain the findings. For example, higher education level is associated with upper social status,
occupations traditionally hold by men, that favor alcohol consumption, or also exposure to
alcohol during college education [39]. On the other hand, the inverse association between edu-
cation and heavy alcohol consumption has been reported for HIV-infected populations [33].
Moreover, less educated patients tend to have lower adherence to antiretroviral treatment
[40,41] and to the recommendations for reducing alcohol consumption [36].

Smoking prevalence rate among the general population and patients infected with the HIV,
detected in this study, were within the range reported in other studies [42,43,44]. This study
also showed that prevalence was two to three times lower in the general population than
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among HIV-infected patients [42,45–47]. The increased prevalence ratio of heavy alcohol con-
sumption among smokers from the two samples reproduces the association described in other
surveys [48]. Beside the differences between general population and the HIV-infected regard-
ing prevalence rate and risk factors for heavy alcohol consumption, there are some aspects that
deserve to be mentioned. While consumption in low amounts is socially accepted and poten-
tially protective for cardiovascular disease [24,49,50], in HIV-infected individuals this is not
the case. All uses are harmful, either to the infection, progression to AIDS, interaction with
antiretroviral drugs, or underlying HCV co-infection [23,51]. Abusive consumption of alco-
holic beverages may reduce the care offered to patients infected with HIV [23].

Our study has limitations that should be mentioned, as the potential for recall bias. None-
theless, the same questionnaire was used, as well as, the time interval to recall about alcoholic
beverages consumption. The temporal difference between the data collection in the surveys
(three years) may be another limitation of our study. There is evidence, however, from other
population-based studies done in our city, that the pattern of alcoholic beverages consump-
tions remained relatively stable along the years [7,52]. Another potential limitation of our
study is the fact that patients with HIV were interviewed in health care center and therefore
may not reflect the overall HIV-infected population. Since in Brazil all patients with HIV must
be registered to receive treatment free of charge, it is unlikely that they do not represent the
entire population of patients with HIV.

Conclusions
In conclusion, alcohol consumption is highly prevalent among HIV-infected patients and the
general population. The lower prevalence of risky alcohol consumption in patients infected
with HIV may be secondary to their concern about the harmful consequences over disease con-
trol, compared to the most liberal views about the risks of alcohol in the general population.

Supporting Information
S1 Table. Comparison of the pattern of alcohol drinking in men and women infected with
HIV (%).
(DOCX)

Author Contributions
Conceived and designed the experiments: SCF MLI NB PRA FHWABMB. Performed the
experiments: MLI NB PRA FHW. Analyzed the data: SCF MLI NB PRA FHWABMB LBM
MG FDF. Wrote the paper: SCF MLI NB PRA FHWABMB LBMMG FDF.

References
1. Schiller JS L J, Ward BW, Peregoy JA. Summary health statistics for U.S. adults: National Health Inter-

view Survey, 2010. CDC, 2012.

2. Ghosh S, Samanta A, Mukherjee S. Patterns of alcohol consumption among male adults at a slum in
Kolkata, India. Journal of health, population, and nutrition. 2012; 30: 73–81. PMID: 22524122

3. Atwoli L, Mungla PA, Ndung'u MN, Kinoti KC, Ogot EM. Prevalence of substance use among college
students in Eldoret, western Kenya. BMC psychiatry. 2011; 11: 34. doi: 10.1186/1471-244X-11-34
PMID: 21356035

4. Li TK. Quantifying the risk for alcohol-use and alcohol-attributable health disorders: present findings
and future research needs. Journal of gastroenterology and hepatology. 2008; 23: S2–8. doi: 10.1111/j.
1440-1746.2007.05298.x PMID: 18336658

5. Laranjeira R, Pinsky I, Sanches M, Zaleski M, Caetano R. Alcohol use patterns among Brazilian adults.
Rev Bras Psiquiatr. 2010; 32: 231–241. S1516-44462009005000012. PMID: 19918673

Drinking Pattern: HIV-Infected versus the General Population

PLOS ONE | DOI:10.1371/journal.pone.0158535 June 30, 2016 7 / 10

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0158535.s001
http://www.ncbi.nlm.nih.gov/pubmed/22524122
http://dx.doi.org/10.1186/1471-244X-11-34
http://www.ncbi.nlm.nih.gov/pubmed/21356035
http://dx.doi.org/10.1111/j.1440-1746.2007.05298.x
http://dx.doi.org/10.1111/j.1440-1746.2007.05298.x
http://www.ncbi.nlm.nih.gov/pubmed/18336658
http://www.ncbi.nlm.nih.gov/pubmed/19918673


6. Subramaniam M, Abdin E, Vaingankar J, Phua AM, Tee J, Chong SA. Prevalence and correlates of
alcohol use disorders in the Singapore Mental Health Survey. Addiction. 2012; 107: 1443–1452. doi:
10.1111/j.1360-0443.2012.03830.x PMID: 22296228

7. Moreira LB, Fuchs FD, Moraes RS, Bredemeier M, Cardozo S, Fuchs SC et al. Alcoholic beverage con-
sumption and associated factors in Porto Alegre, a southern Brazilian city: a population-based survey.
J Stud Alcohol. 1996; 57: 253–9. http://dx.doi.org/10.15288/jsa.1996.57.253. PMID: 8709583

8. Grant BF, Dawson DA, Stinson FS, Chou SP, Dufour MC, Pickering RP. The 12-month prevalence and
trends in DSM-IV alcohol abuse and dependence: United States, 1991–1992 and 2001–2002. Drug
and alcohol dependence. 2004; 74: 223–234. http://dx.doi.org/10.1016/j.drugalcdep.2004.02.004.
PMID: 15194200

9. Foulds J, Wells JE, Lacey C, Adamson S, Mulder R. Harmful drinking and talking about alcohol in pri-
mary care: New Zealand population survey findings. Acta psychiatrica Scandinavica. 2012; 126: 434–
439. doi: 10.1111/j.1600-0447.2012.01871.x PMID: 22533852

10. Latvala A, Tuulio-Henriksson A, Perala J, Saarni SI, Aalto-Setala T, Aro H, et al. Prevalence and corre-
lates of alcohol and other substance use disorders in young adulthood: A population-based study. BMC
psychiatry. 2009; 9: 73. doi: 10.1186/1471-244X-9-73 PMID: 19925643

11. Rehm J, Baliunas D, Borges GL, Graham K, Irving H, Kehoe T, et al. The relation between different
dimensions of alcohol consumption and burden of disease: an overview. Addiction. 2010; 105: 817–
843. doi: 10.1111/j.1360-0443.2010.02899.x PMID: 20331573

12. WHO. Global health risks: mortality and burden of disease attributable to selected major risks. 2009.

13. Bonacini M. Alcohol use among patients with HIV infection. Ann Hepatol. 2011; 10: 502–507. PMID:
21911892

14. Freiberg MS, McGinnis KA, Kraemer K, Samet JH, Conigliaro J, Curtis Ellison R, et al. The association
between alcohol consumption and prevalent cardiovascular diseases among HIV-infected and HIV-
uninfected men. J Acquir Immune Defic Syndr. 2010; 53: 247–253. PMID: 20009766

15. O'Conner PG, Samet JH. A call for papers. Substance abuse: innovations in primary care. J Gen Intern
Med. 2001; 16: 70–71. PMID: 11251754

16. Samet JH, Phillips SJ, Horton NJ, Traphagen ET, Freedberg KA. Detecting alcohol problems in HIV-
infected patients: use of the CAGE questionnaire. AIDS research and human retroviruses. 2004; 20:
151–155. doi: 10.1089/088922204773004860 PMID: 15018702

17. Conigliaro J, Gordon AJ, McGinnis KA, Rabeneck L, Justice AC; Veterans Aging Cohort 3-Site Study.
How harmful is hazardous alcohol use and abuse in HIV infection: do health care providers know who
is at risk? J Acquir Immune Defic Syndr. 2003; 33: 521–525. PMID: 12869842

18. BaumMK, Rafie C, Lai S, Sales S, Page JB, Campa A. Alcohol use accelerates HIV disease progres-
sion. AIDS research and human retroviruses. 2010; 26: 511–518. doi: 10.1089/aid.2009.0211 PMID:
20455765

19. Pandrea I, Happel K, A AM, B GJ, N S. Alcohol’s Role in HIV Transmission and Disease Progression.
Alcohol Research and Health. 2010; 33: 16.

20. Shuper PA, NeumanM, Kanteres F, Baliunas D, Joharchi N, Rehm J. Causal considerations on alcohol
and HIV/AIDS—a systematic review. Alcohol Alcohol. 2010; 45: 159–166. doi: 10.1093/alcalc/agp091
PMID: 20061510

21. Hahn JA, Samet JH. Alcohol and HIV disease progression: weighing the evidence. Current HIV/AIDS
reports. 2010; 7: 226–233. doi: 10.1007/s11904-010-0060-6 PMID: 20814765

22. Kahler CW,Wray TB, Pantalone DW, Kruis RD, Mastroleo NR, Monti PM, et al. Daily associations
between alcohol use and unprotected anal sex among heavy drinking HIV-positive men who have sex
with men. AIDS Behav. 2015; 19: 422–430. doi: 10.1007/s10461-014-0896-7 PMID: 25194967

23. Vagenas P, Azar MM, Copenhaver MM, Springer AS, Molina PE, Altice FL. The Impact of Alcohol Use
and Related Disorders on the HIV Continuum of Care: a Systematic Review: Alcohol and the HIV Con-
tinuum of Care. Curr HIV/AIDS Rep. 2015; 12: 421–436. doi: 10.1007/s11904-015-0285-5 PMID:
26412084

24. Ronksley PE, Brien SE, Turner BJ, Mukamal KJ, Ghali WA. Association of alcohol consumption with
selected cardiovascular disease outcomes: a systematic review and meta-analysis. BMJ. 2011; 342:
d671. doi: 10.1136/bmj.d671 PMID: 21343207

25. Fuchs FD, Chambless LE. Is the cardioprotective effect of alcohol real? Alcohol. 2007; 41: 399–402.
http://dx.doi.org/10.1016/j.alcohol.2007.05.004. PMID: 17936508

26. Fuchs SC, Moreira LB, Camey SA, Moreira MB, Fuchs FD. Clustering of risk factors for cardiovascular
disease among women in Southern Brazil: a population-based study. Cad Saúde Pública. 2008; 24:
S285–293. S0102-311X2008001400013. PMID: 18670708

Drinking Pattern: HIV-Infected versus the General Population

PLOS ONE | DOI:10.1371/journal.pone.0158535 June 30, 2016 8 / 10

http://dx.doi.org/10.1111/j.1360-0443.2012.03830.x
http://www.ncbi.nlm.nih.gov/pubmed/22296228
http://dx.doi.org/10.15288/jsa.1996.57.253
http://www.ncbi.nlm.nih.gov/pubmed/8709583
http://dx.doi.org/10.1016/j.drugalcdep.2004.02.004
http://www.ncbi.nlm.nih.gov/pubmed/15194200
http://dx.doi.org/10.1111/j.1600-0447.2012.01871.x
http://www.ncbi.nlm.nih.gov/pubmed/22533852
http://dx.doi.org/10.1186/1471-244X-9-73
http://www.ncbi.nlm.nih.gov/pubmed/19925643
http://dx.doi.org/10.1111/j.1360-0443.2010.02899.x
http://www.ncbi.nlm.nih.gov/pubmed/20331573
http://www.ncbi.nlm.nih.gov/pubmed/21911892
http://www.ncbi.nlm.nih.gov/pubmed/20009766
http://www.ncbi.nlm.nih.gov/pubmed/11251754
http://dx.doi.org/10.1089/088922204773004860
http://www.ncbi.nlm.nih.gov/pubmed/15018702
http://www.ncbi.nlm.nih.gov/pubmed/12869842
http://dx.doi.org/10.1089/aid.2009.0211
http://www.ncbi.nlm.nih.gov/pubmed/20455765
http://dx.doi.org/10.1093/alcalc/agp091
http://www.ncbi.nlm.nih.gov/pubmed/20061510
http://dx.doi.org/10.1007/s11904-010-0060-6
http://www.ncbi.nlm.nih.gov/pubmed/20814765
http://dx.doi.org/10.1007/s10461-014-0896-7
http://www.ncbi.nlm.nih.gov/pubmed/25194967
http://dx.doi.org/10.1007/s11904-015-0285-5
http://www.ncbi.nlm.nih.gov/pubmed/26412084
http://dx.doi.org/10.1136/bmj.d671
http://www.ncbi.nlm.nih.gov/pubmed/21343207
http://dx.doi.org/10.1016/j.alcohol.2007.05.004
http://www.ncbi.nlm.nih.gov/pubmed/17936508
http://www.ncbi.nlm.nih.gov/pubmed/18670708


27. Trevisol DJ, Moreira LB, Fuchs FD, Fuchs SC. Health-related quality of life is worse in individuals with
hypertension under drug treatment: results of population-based study. J Hum Hypertens. 2012; 26:
374–380. doi: 10.1038/jhh.2011.48 PMID: 21593782

28. Alencastro PR, Wollf FH, Oliveira RR, Ikeda ML, Barcellos NT, Brandao AB, et al. Metabolic syndrome
and population attributable risk among HIV/AIDS patients: comparison between NCEP-ATPIII, IDF and
AHA/NHLBI definitions. AIDS Res Ther. 2012; 9: 29. doi: 10.1186/1742-6405-9-29 PMID: 23035865

29. Alencastro PR, Fuchs SC, Wolff FH, Ikeda ML, Brandao AB, Barcellos NT. Independent predictors of
metabolic syndrome in HIV-infected patients. AIDS Patient Care STDS. 2011; 25: 627–634. doi: 10.
1089/apc.2010.0360 PMID: 21936688

30. Ikeda ML, Barcellos NT, Alencastro PR, Wolff FH, Brandão AB, Fuchs FD, et al. Association of blood
pressure and hypertension with alcohol consumption in HIV-infected white and nonwhite patients.
ScientificWorldJournal. 2013; 2013: 169825. doi: 10.1155/2013/169825 PMID: 24235878

31. Assanangkornchai S, Sam-Angsri N, Rerngpongpan S, Lertnakorn A. Patterns of alcohol consumption
in the Thai population: results of the National Household Survey of 2007. Alcohol Alcohol. 2010; 45:
278–285. doi: 10.1093/alcalc/agq018 PMID: 20348437

32. Chander G, Lau B, Moore RD. Hazardous alcohol use: a risk factor for non-adherence and lack of sup-
pression in HIV infection. J Acquir Immune Defic Syndr. 2006; 43: 411–417. doi: 10.1097/01.qai.
0000243121.44659.a4 PMID: 17099312

33. Galvan FH, Bing EG, Fleishman JA, London AS, Caetano R, BurnamMA, et al. The prevalence of alco-
hol consumption and heavy drinking among people with HIV in the United States: results from the HIV
Cost and Services Utilization Study. Journal of studies on alcohol. 2002; 63: 179–186. http://dx.doi.org/
10.15288/jsa.2002.63.179. PMID: 12033694

34. Eigenbrodt ML, Fuchs FD, Couper DJ, Goff DC Jr, Sanford CP, Hutchinson RG, et al. Changing drink-
ing pattern does not influence health perception: a longitudinal study of the atherosclerosis risk in com-
munities study. J Epidemiol Community Health. 2006; 60: 345–350. doi: 10.1136/jech.2005.039735
PMID: 16537353

35. Helakorpi S, Makela P, Uutela A. Alcohol consumption before and after a significant reduction of alco-
hol prices in 2004 in Finland: were the effects different across population subgroups? Alcohol Alcohol.
2010; 45: 286–292. doi: 10.1093/alcalc/agq007 PMID: 20164044

36. Huerta MC, Borgonovi F. Education, alcohol use and abuse among young adults in Britain. Soc Sci
Med. 2010; 71: 143–151. doi: 10.1016/j.socscimed.2010.03.022 PMID: 20452109

37. Keyes KM, Hasin DS. Socio-economic status and problem alcohol use: the positive relationship
between income and the DSM-IV alcohol abuse diagnosis. Addiction. 2008; 103: 1120–1130. doi: 10.
1111/j.1360-0443.2008.02218.x PMID: 18494841

38. Grittner U, Kuntsche S, Graham K, Bloomfield K. Social Inequalities and Gender Differences in the
Experience of Alcohol-Related Problems. Alcohol Alcohol. 2012; 47(5):597–605]. doi: 10.1093/alcalc/
ags040 PMID: 22542707

39. Almeida-Filho N, Lessa I, Magalhães L, Araújo MJ, Aquino E, Kawachi I, et al. Alcohol drinking patterns
by gender, ethnicity, and social class in Bahia, Brazil. Rev Saude Publica. 2004; 38: 45–54. http://dx.
doi.org/10.1590/S0034-89102004000100007. PMID: 14963541

40. De Boni RB, Zheng L, Rosenkranz SL, Sun X, Lavenberg J, Cardoso SW, et al. Binge drinking is asso-
ciated with differences in weekday and weekend adherence in HIV-infected individuals. Drug Alcohol
Depend. 2016; 159: 174–180. doi: 10.1016/j.drugalcdep.2015.12.013 PMID: 26774947

41. Deiss RG, Mesner O, Agan BK, Ganesan A, Okulicz JF, Bavaro M, et al. Characterizing the Association
Between Alcohol and HIV Virologic Failure in a Military Cohort on Antiretroviral Therapy. Alcohol Clin
Exp Res. 2016; 40: 529–535. doi: 10.1111/acer.12975 PMID: 26916712

42. Centers for Disease Control and Prevention (CDC). Cigarette smoking among adults and trends in
smoking cessation—United States, 2008. MMWRMorb Mortal Wkly Rep. 2009; 58: 1227–1232. PMID:
19910909

43. Nguyen NP, Tran BX, Hwang LY, Markham CM, Swartz MD, Phan HT, et al. Prevalence of Cigarette
Smoking and Associated Factors in a Large Sample of HIV-Positive Patients Receiving Antiretroviral
Therapy in Vietnam. PLoS One. 2015; 10: e0118185. doi: 10.1371/journal.pone.0118185 PMID:
25723596

44. Burkhalter JE, Springer CM, Chhabra R, Ostroff JS, Rapkin BD. Tobacco use and readiness to quit
smoking in low-income HIV-infected persons. Nicotine Tob Res. 2005; 7: 511–522. doi: 10.1080/
14622200500186064 PMID: 16085522

45. Tesoriero JM, Gieryic SM, Carrascal A, Lavigne HE. Smoking among HIV positive New Yorkers: preva-
lence, frequency, and opportunities for cessation. AIDS Behav. 2010; 14: 824–835. doi: 10.1007/
s10461-008-9449-2 PMID: 18777131

Drinking Pattern: HIV-Infected versus the General Population

PLOS ONE | DOI:10.1371/journal.pone.0158535 June 30, 2016 9 / 10

http://dx.doi.org/10.1038/jhh.2011.48
http://www.ncbi.nlm.nih.gov/pubmed/21593782
http://dx.doi.org/10.1186/1742-6405-9-29
http://www.ncbi.nlm.nih.gov/pubmed/23035865
http://dx.doi.org/10.1089/apc.2010.0360
http://dx.doi.org/10.1089/apc.2010.0360
http://www.ncbi.nlm.nih.gov/pubmed/21936688
http://dx.doi.org/10.1155/2013/169825
http://www.ncbi.nlm.nih.gov/pubmed/24235878
http://dx.doi.org/10.1093/alcalc/agq018
http://www.ncbi.nlm.nih.gov/pubmed/20348437
http://dx.doi.org/10.1097/01.qai.0000243121.44659.a4
http://dx.doi.org/10.1097/01.qai.0000243121.44659.a4
http://www.ncbi.nlm.nih.gov/pubmed/17099312
http://dx.doi.org/10.15288/jsa.2002.63.179
http://dx.doi.org/10.15288/jsa.2002.63.179
http://www.ncbi.nlm.nih.gov/pubmed/12033694
http://dx.doi.org/10.1136/jech.2005.039735
http://www.ncbi.nlm.nih.gov/pubmed/16537353
http://dx.doi.org/10.1093/alcalc/agq007
http://www.ncbi.nlm.nih.gov/pubmed/20164044
http://dx.doi.org/10.1016/j.socscimed.2010.03.022
http://www.ncbi.nlm.nih.gov/pubmed/20452109
http://dx.doi.org/10.1111/j.1360-0443.2008.02218.x
http://dx.doi.org/10.1111/j.1360-0443.2008.02218.x
http://www.ncbi.nlm.nih.gov/pubmed/18494841
http://dx.doi.org/10.1093/alcalc/ags040
http://dx.doi.org/10.1093/alcalc/ags040
http://www.ncbi.nlm.nih.gov/pubmed/22542707
http://dx.doi.org/10.1590/S0034-89102004000100007
http://dx.doi.org/10.1590/S0034-89102004000100007
http://www.ncbi.nlm.nih.gov/pubmed/14963541
http://dx.doi.org/10.1016/j.drugalcdep.2015.12.013
http://www.ncbi.nlm.nih.gov/pubmed/26774947
http://dx.doi.org/10.1111/acer.12975
http://www.ncbi.nlm.nih.gov/pubmed/26916712
http://www.ncbi.nlm.nih.gov/pubmed/19910909
http://dx.doi.org/10.1371/journal.pone.0118185
http://www.ncbi.nlm.nih.gov/pubmed/25723596
http://dx.doi.org/10.1080/14622200500186064
http://dx.doi.org/10.1080/14622200500186064
http://www.ncbi.nlm.nih.gov/pubmed/16085522
http://dx.doi.org/10.1007/s10461-008-9449-2
http://dx.doi.org/10.1007/s10461-008-9449-2
http://www.ncbi.nlm.nih.gov/pubmed/18777131


46. Lifson AR, Neuhaus J, Arribas JR, van den Berg-Wolf M, Labriola AM, Read TR; INSIGHT SMART
Study Group. Smoking-related health risks among persons with HIV in the Strategies for Management
of Antiretroviral Therapy clinical trial. Am J Public Health. 2010; 100: 1896–1903. doi: 10.2105/AJPH.
2009.188664 PMID: 20724677

47. Centers for Disease Control and Prevention (CDC). Vital signs: current cigarette smoking among adults
aged >or = 18 years—United States, 2009. MMWRMorb Mortal 2010; 59: 1135–1140.

48. De Leon J, Rendon DM, Baca-Garcia E, Aizpuru F, Gonzalez-Pinto A, Anitua C, et al. Association
between smoking and alcohol use in the general population: stable and unstable odds ratios across
two years in two different countries. Alcohol Alcohol. 2007; 42: 252–257. http://dx.doi.org/10.1093/
alcalc/agm029. PMID: 17526636

49. Kloner RA, Rezkalla SH. To drink or not to drink? That is the question. Circulation. 2007; 116: 1306–
1317. doi: 10.1161/CIRCULATIONAHA.106.678375 PMID: 17846344

50. Di Castelnuovo A, Costanzo S, Donati MB, Iacoviello L, de Gaetano G. Prevention of cardiovascular
risk by moderate alcohol consumption: epidemiologic evidence and plausible mechanisms. Intern
Emerg Med. 2010; 5: 291–297. doi: 10.1007/s11739-010-0346-0 PMID: 20127425

51. Weiser SD, Leiter K, Heisler M, McFarland W, Percy-de Korte F, DeMonner SM, et al. A population-
based study on alcohol and high-risk sexual behaviors in Botswana. PLoSMed. 2006; 3: e392. doi: 10.
1371/journal.pmed.0030392 PMID: 17032060

52. Steffens AA, Moreira LB, Fuchs SC, Wiehe M, Gus M, Fuchs FD. Incidence of hypertension by alcohol
consumption: is it modified by race? J Hypertens. 2006; 24: 1489–1492. doi: 10.1097/01.hjh.
0000239282.27938.0f PMID: 16877949

Drinking Pattern: HIV-Infected versus the General Population

PLOS ONE | DOI:10.1371/journal.pone.0158535 June 30, 2016 10 / 10

http://dx.doi.org/10.2105/AJPH.2009.188664
http://dx.doi.org/10.2105/AJPH.2009.188664
http://www.ncbi.nlm.nih.gov/pubmed/20724677
http://dx.doi.org/10.1093/alcalc/agm029
http://dx.doi.org/10.1093/alcalc/agm029
http://www.ncbi.nlm.nih.gov/pubmed/17526636
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.678375
http://www.ncbi.nlm.nih.gov/pubmed/17846344
http://dx.doi.org/10.1007/s11739-010-0346-0
http://www.ncbi.nlm.nih.gov/pubmed/20127425
http://dx.doi.org/10.1371/journal.pmed.0030392
http://dx.doi.org/10.1371/journal.pmed.0030392
http://www.ncbi.nlm.nih.gov/pubmed/17032060
http://dx.doi.org/10.1097/01.hjh.0000239282.27938.0f
http://dx.doi.org/10.1097/01.hjh.0000239282.27938.0f
http://www.ncbi.nlm.nih.gov/pubmed/16877949

