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Abstract

Background

Although the association between alcohol consumption and HIV risk is well documented,

few studies have examined the magnitude of new HIV infections that could be prevented by

controlling alcohol use. We report the population attributable fraction (PAF) of incident HIV

infections due to alcohol consumption among the HIV high-risk population of fishing commu-

nities along Lake Victoria, Uganda.

Methods

In a community-based cohort study, 1607 HIV sero-negative participants aged 18–49 years

were enrolled from eight fishing communities along Lake Victoria, Uganda. At follow up 12

months later, 1288 (80.1%) were seen and interviewed. At baseline and follow-up visits, par-

ticipants completed interviewer-administered questionnaires on alcohol consumption,

demographics, and sexual risk behavior, and were tested for HIV infection. HIV incidence

and adjusted incident rate ratios (adjusted IRRs) were estimated using Poisson regression

models; the crude and adjusted PAFs of incident HIV infections associated with alcohol con-

sumption were calculated using the Greenland and Drescher method for cohort studies.

Results

Among the 1288 participants seen at follow up, 53.5% reported drinking alcohol of whom

24.4% drank occasionally (2 days a week or less) and 29.1% drank regularly (3–7 days a
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week). Forty eight incident HIV infections occurred giving an incidence rate of 3.39/100 per-

son years at-risk (pyar) (95% CI, 2.55–4.49). Compared to non-drinkers, the adjusted IRR

of HIV was 3.09 (1.13–8.46) among occasional drinkers and 5.34 (2.04–13.97) among regu-

lar drinkers. The overall adjusted PAF of incident HIV infections due alcohol was 64.1 (95%

CI; 23.5–83.1); ranging from 52.3 (11.9–74.2) among Muslims to 71.2 (32.6–87.7) for partic-

ipants who reported� 2 sexual partners in the past 12 months.

Conclusion

In fishing communities along Lake Victoria, Uganda, 64% of new HIV infections can be

attributed to drinking alcohol. Interventions to reduce alcohol consumption should be inte-

grated in HIV/AIDS prevention activities for populations in whom both HIV and alcohol con-

sumption are highly prevalent.

Introduction

The association between alcohol consumption and HIV risk behaviours [1–16], and with prev-

alent and incident HIV infections are well documented [7,10,17–22,22,23]. Unhealthy alcohol

consumption can increase the risk of HIV acquisition by two to five times compared to that

among non-drinkers. HIV risk also rises with greater frequency of drinking [12,17,19,22,24].

Alcohol may influence HIV risk behavior through a variety of mechanisms: drinking can alter

judgment and decision-making, reducing one’s perception of risk; venues where people drink

may also be places where casual or transactional sex can easily be obtained; those who are

intoxicated may forget about or be unable to use condoms [25–28]. Some emerging evidence

from animal studies suggest that alcohol may increase biological susceptibility to HIV through

effects on genital microbial flora [29] and immune system response [30], but these hypotheses

are yet to be proven in humans. One study reported higher HIV viral loads in the genital

mucosa of women reporting moderate to heavy alcohol consumption [31].

Unhealthy alcohol use appears to be a major factor fuelling the HIV epidemic in sub-Saha-

ran Africa (SSA). In many countries in this region that also have generalized epidemics, per

capita alcohol consumption is high [6,21,32–37]. However, little attention has been given to

the idea of reducing alcohol consumption as a means to prevent the spread of HIV. Most

countries do not mention alcohol reduction interventions in their HIV/AIDS control pro-

grams [33]. In addition, only a few studies on alcohol reduction for HIV prevention have been

done in SSA, the majority of which demonstrated short term reductions in alcohol consump-

tion but inconsistent changes in sexual behavior and HIV risk [6,34,35,38–40].

A paucity of literature exists on the magnitude of new HIV infections that could be pre-

vented by reducing alcohol use in SSA. To our knowledge, only one study from Uganda has

estimated the population attributable fraction (PAF) of incident HIV infections due to alcohol

consumption; this study was conducted among female sex workers [24]. PAF measures the

excess of disease or outcome that can be attributed to a given exposure thereby providing

information on the proportional reduction in the outcome that would occur by eliminating

the exposure, while keeping other other risk factors constant, assumming the exposure is

causal. We estimated the proportion of new HIV infections that would be prevented in fishing

communities along Lake Victoria, Uganda, if alcohol consumption were eliminated [41]. Fish-

ing communities in Uganda have HIV prevalence and incidence rates that are five to seven

Population attributable fraction of HIV associated with alcohol
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times greater than those in the general population [17–19,42–45], and alcohol consumption

has been shown to a major predictor of HIV infection in this population [17,19].

Methods

Study design and procedures

Between September 2011 and March 2013, we conducted a community-based longitudinal

cohort study among adults recruited from eight fishing communities located in three districts

bordering Lake Victoria (Wakiso, Mukono and Kalangala), Uganda. A fishing community was

defined as a population living in a village or a trading center adjacent to the lake, either on the

mainland or on an island, in which the main economic activities were directly or indirectly

related to the fishing industry [46]. The population of these communities are heterogeneous

and include fishermen; boat owners, makers and repairmen; fish processors and traders; shop

keepers; owners and employees of bars/restaurants/lodges; sex workers; and housewives.

Detailed study procedures have been described previously [17,18,42]. Briefly, 2191 partici-

pants aged 18–49 years who had resided in fishing communities for at least six months prior to

start of the study were enrolled after providing written informed consent. Those who were 18–

49 years old were included because they are considered to be the most sexually active. During

the community-based surveys, interviewer administered questionnaires were conducted in

privacy by same sex interviewers and venous blood samples were collected for HIV testing.

Among the 2191 baseline enrollees, 1607 were HIV sero-negative and were followed up to esti-

mate the HIV incidence. Data on socio-demographic characteristics and self-reported male

circumcision status were collected at the baseline visit only; information on alcohol consump-

tion and sexual risk behaviors (number of sexual partners, new sexual partners, condom use)

was collected at both baseline and follow up visits. Participants were asked if they drank any

alcohol in the prior three and 12 months and if so, the frequency of consumption. Both three

and 12-month recall periods were used in order to assess both short and long term alcohol

consumption. In this article, we evaluated alcohol consumption in past 12 months because it

was more likely to reflect drinking over the period during which HIV sero-conversion could

have taken place, assuming that infection would have taken place in the mid-point between

the baseline and follow-up visits. At each visit, participants received free HIV counseling and

testing from certified HIV counselors. Those with symptoms of sexually transmitted infections

(STIs) and men who were uncircumcised were referred to health facilities for treatment and

voluntary medical male circumcision (VMMC), respectively. The protocol was reviewed and

approved by the Uganda Virus Research Institute Research and Ethics Committee, and the

Uganda National Council for Science and Technology.

Laboratory testing

HIV status was determined by rapid HIV tests performed in the community by certified labo-

ratory technologists, and enzyme linked immunoassay (EIA) with RNA PCR confirmation

was done in the laboratory at the Uganda Virus Research Institute, Entebbe. Rapid diagnostic

testing of HIV was performed according to the Uganda national testing algorithm. Blood sam-

ples were first tested with Alere Determine1 HIV-1/2 test (Alere Medical Co., Ltd., Chiba,

Japan), and if non-reactive, results were reported as negative. Reactive samples were then

tested with the HIV 1/2 STAT-PAK1 assay (Chembio Diagnostic Systems, Inc. Medford, NY,

USA), and if reactive, results were reported as positive. If results were discordant on STAT-

PAK1, Uni-Gold™ HIV test (Trinity Biotech plc, Bray, Ireland) was used as a tie-breaker. All

samples positive on rapid tests were re-tested in duplicate using the Vironostika HIV Ag/Ab

(Biomerieux, SA, Marcy-l’Etoile, France) EIA. Discordant EIA results were confirmed using

Population attributable fraction of HIV associated with alcohol
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HIV RNA PCR (COBAS1 AmpliPrep/COBAS1 TaqMan1 HIV-1 Test, v2.0, Roche Molecu-

lar Diagnostics, Pleasanton, CA, USA).

Statistical analysis

Participants’ socio-demographic characteristics were summarised and stratified by any alcohol

consumption in the prior 12 months (none, any drinking) and by frequency of consumption

(none, occasional, regular). Alcohol consumption was defined as "none" if a participant

reported no consumption in the 12 months preceeding the date of the follow up visit, "occa-

sional" if consumption was two days or less a week, and "regular" if they drank three to seven

days per week. Chi-square tests were used to assess differences in proportions of participants’

socio-demographic and behavioral characteristics by levels of alcohol consumption. Multivari-

able Poisson regression models with empirical variance estimator [47] and the natural loga-

rithm of pyar as the offset term, were used to estimate adjusted incidence rate ratios (adj.IRR)

and their corresponding 95% confidence intervals. HIV seroconversion was estimated to have

occurred at the midpoint between the baseline negative and follow up positive HIV tests. Per-

son years-at-risk (pyar) were calculated as: (date of follow up seronegative sample or estimated

date of HIV seroconversion minus date of the baseline seronegative sample) divided by 365.25.

HIV incidence rates per 100 pyar were calculated as the number of events of seroconversion

divided by pyar, multiplied by 100. The final multivariable model adjusted for sex, age, educa-

tion, religion, tribe, occupation, duration of stay in the community, number of new sex part-

ners, condom use and marital status. To estimate PAFs, alcohol consumption was modeled as

a binary variable (any consumption versus none). The PAF of incident HIV infections associ-

ated with any alcohol consumption was calculated as [1-Pr(HIV incident infection | no alcohol

consumption)/ Pr(HIV incident infection)] x100, using the Greenland and Drescher method

for cohort studies [48]. This maximum likelihood method uses log transformation for normal-

ization and variance-stabilization, and estimates the logs of two scenario means (conditional

arithmetic mean outcomes), a baseline scenario (scenario 0) and an imagined scenario (sce-

nario 1) in which one or more exposure variables are assumed to be set to particular values

(typically zero), holding other predictor variables in the model constant. The method then it

calculates the log of the ratio of scenario 1 mean to scenario 0 mean to estimate the PAF and

uses the log transformed complement of PAF (log[1-PAF]) to estimate standard errors and

95% confidence intervals (CI) around the PAF [48,49]. Although lack of male circumcision

was associated with a 2 fold increased risk HIV infection in unadjusted analyses, the associa-

tion lost statistical significance at multivariable regression modeling and was excluded from

the final model. However, we determined the PAFs associated with circumcision status by fit-

ting a separate model for men only. A sensitivity analysis was conducted to assess the effect of

the approximately 20% loss to follow up on the estimated of PAF. Multiple imputations were

used impute missing data for the post baseline covariates. Multivariable logistic and Poisson

regression were used to impute categorical and count covariates respectively. All statistical

analyses were performed using Stata1 14 (StataCorp, College Station, TX) software.

Results

Study population

Table 1 presents the baseline socio-demographic characteristics and follow up rates of the

study population of 1607 HIV sero-negative participants enrolled at baseline. Fifty four per-

cent (54.5%) of the participants were males, 43.1% were aged 30 years or more, about 80%

were Christian, and only 35.4% had an education beyond primary school. Half of the partici-

pants were engaged in fishing or fishing related activities and 30.1% had spent less than 2 years

Population attributable fraction of HIV associated with alcohol
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in fishing communities. Eighty percent (1288) were followed up 12 months post-baseline. The

reasons for loss to follow up (LTFU) included outmigration (50%), untraceable (46.3%),

refusal to continue with the study (2.6%), and death (1.1%). The follow up rates did not differ

statistically by sex, education level, religion or occupation. However, higher rates of follow up

were observed among participants aged 30 years or more, the Baganda tribe (indigenous to the

Table 1. Study population Socio-demographic characteristics and follow up tates of fisherfolk who were HIV sero-negative at baseline (n = 1607).

Baseline Follow up (12 months)

Enrolled No. (%) Followed No. (%) Not followed No. (%)

All Participants 1607 (100) 1288 (80.1) 319 (19.9)

Sex

Male 876 (54.5) 697 (79.6) 179 (20.4)

Female 731 (45.5) 591 (80.9) 140 (19.1)

Age at enrolment (years)

30+ 693 (43.1) 595 (85.9) 98 (14.1) ††

25–29 411 (25.6) 595 (79.6) 84 (20.4)

18–24 503 (31.3) 366 (72.8) 137 (27.2)

Highest education level*

None 112 (7.0) 90 (80.4) 22 (19.6)

Primary 924 (57.6) 734 (79.4) 190 (20.6)

Post primary 568 (35.4) 461 (81.2) 107 (18.8)

Religion

Muslim 327 (20.4) 263 (80.4) 64 (19.6)

Protestant/Evangelical 659 (41.0) 518 (78.6) 141 (21.4)

Roman Catholic 621 (38.6) 507 (81.6) 114 (18.4)

Ethnicity/tribe

Non-Baganda 885 (55.1) 680 (76.8) 205 (23.2) ††

Baganda 722 (45.9) 608 (84.2) 114 (15.8)

Occupation

Fishing/Fishing related 805 (50.1) 648 (80.5) 157 (19.5)

Trade/Business 165 (10.3) 135 (81.8) 30 (18.2)

Bar/Lodge/Restaurant 162 (10.1) 122 (75.3) 40 (24.7)

Farming 87 (5.4) 75 (86.2) 12 (13.8)

Housewife 129 (8.0) 101 (78.3) 28 (21.7)

Others† 259 (16.1) 207 (79.9) 52 (20.1)

Duration in community at enrolment (years)

5 or more 709 (44.1) 650 (91.7) 59 (8.3) ††

2–4 414 (25.8) 333 (80.4) 81 (19.6)

Less than 2 484 (30.1) 305 (63.0) 179 (37.0)

Marital status

Never married 305 (19.0) 214 (70.2) 91 (29.8) ††

Not currently married 330 (20.5) 263 (79.7) 67 (20.3)

Married monogamous 690 (42.9) 574 (83.2) 116 (16.8)

Married polygamous 282 (17.5) 237 (84.0) 45 (20.0)

*3 missing education,
† Construction/Mechanic/Government/Clerical,
††Statistically significant at p<0.05.

doi:10.1371/journal.pone.0171200.t001
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area), those who were married, and those who had spent five years or more in the fishing

community.

Alcohol consumption

Table 2 presents results on self-reported alcohol consumption and the frequency of drinking

among the 1288 participants who contributed to the HIV incidence analysis. Slightly over half,

53.5%, reported drinking alcohol of whom 24.4% were occasional drinkers and 29.1% were

regular drinkers. Among alcohol drinkers, 55.9% were male, 20.4% were Muslim, 55.6% were

engaged in fishing/fishing related activities and 52.7% drank alcohol before sex. Those who

were regular drinkers were more likely to have a greater number of sexual partners and to

drink alcohol before sex. Condom use was lower among non-drinkers relative to occasional

and regular drinkers.

HIV incidence rate

Results on absolute HIV incidence rates and crude and adjusted rate ratios are presented in

Table 3. Over a period of 12 months, 48 incident HIV infections occurred over 1416.8 pyar

resulting in an overall incidence rate of 3.39/100 pyar (95% CI, 2.55–4.49). Of the 48 incident

cases, 10 (20.8%) occurred among those who did not drink, 12 (25.0%) among occasional

drinkers and 26 (54.2%) among regular drinkers, p<0.0001. Compared to non-drinkers, the

adjusted IRR was 3.09 (95%: 1.13–8.46) for occasional drinkers and 5.34 (95% CI: 2.04–13.97)

for regular drinkers. Among regular drinkers, the adjusted IRRs were significantly higher

among males, persons aged 25–29 years, individuals involved in fishing and or fishing-related

activities and those with less than two years duration of stay in fishing communities.

Population attributable fraction of incident HIV associated with alcohol

consumption

The crude and adjusted PAFs of incident HIV infections due to alcohol consumption are also

presented in the Table 3. After controlling for sex, age, religion, education, religion, tribe,

occupation, duration of stay in fishing communities, marital status, new sexual partners, and

condom use, the overall PAF of incident HIV due to alcohol consumption was 64.1% (95% CI;

23.5–83.1). The lowest adjusted PAF for alcohol use was observed among Muslims (52.3; 95%

CI: 11.9–74.2) while the highest occurred among participants who reported two or more new

sex partners in the past 12 months (71.2; 95% CI: 32.6–87.7). For all the covariates in the

model, the estimated PAF increased after adjusting for confounders. In separate analyses that

included males only, the adjusted PAF was 71.9 (95% CI: 6.9–91.5) among circumcised men

and 79.3 (95% CI: 30.4–93.9) for those who were uncircumcised (data not shown).

Sensitivity analysis of population attributable fraction after imputing

missing data

Table 4 shows results of a sensitivity analysis that was conducted after imputing data for those

lost to follow up. The estimated overall HIV incidence rate was 3.67/100 pyar (95% CI; 2.53–

4.22) and did not statistically differ from the rate calculated from actual data (3.39/100 pyar

(95% CI, 2.55–4.49). The adjusted PAF was 50.8 (95% CI; 19.0–70.1) overall; was higher in

males [53.9 (95% CI; 21.8–72.8)], lowest among Muslims [37.2 (95% CI; 9.6–56.5)] and highest

among participants who reported two or more new sexual partners in the past 12 months [58.2

(95% CI; 25.2–76.7)].

Population attributable fraction of HIV associated with alcohol
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Discussion

In fishing communities along Lake Victoria, Uganda, we found that alcohol consumption was

high and increased the risk of acquiring HIV infections by three to five times. In addition, we

Table 2. Alcohol consumption among the fishing communities of Lake Victoria, Uganda (n = 1288; HIV incidence analytic population).

Any alcohol consumption in past

12 months

Frequency of alcohol consumption in past 12 months

No N (%) Yes N (%) P value None N (%) Occasional N (%) Regular N (%) P value

All Participants 599 (46.5) 689 (53.5) 599 (46.5) 314 (24.4) 375 (29.1)

SOCIO-DEMOGRAPHICS

Sex

Male 290 (45.9) 408 (55.9) 290 (48.4) 146 (46.2) 262 (69.9)

Female 309 (54.1) 281 (44.1) <0.0001 309 (51.6) 168 (53.5) 113 (30.1) <0.0001

Age at enrolment (years)

30+ 265 (47.5) 330 (49.8) 265 (44.2) 129 (41.1) 201 (53.6)

25–29 145 (24.1) 182 (27.1) 145 (24.2) 93 (29.6) 89 (23.7)

18–24 189 (28.4) 177 (23.1) 0.067 189 (31.5) 92 (29.3) 85 (22.7) 0.003

Education

None/Primary 376 (45.6) 448 (54.4) 376 (45.6) 184 (22.3) 264 (32.)

Secondary and above 221 (47.9) 240 (52.1) 0.426 221 (47.9) 129 (28.0) 111 (24.1) 0.005

Religion

Muslim 175 (29.2) 88 (20.4) 175 (29.2) 47 (15.0) 41 (10.9)

Protestant/Evangelical 255 (42.6) 263 (40.2) 255 (42.6) 124 (39.5) 139 (37.1)

Roman Catholic 169 (28.2) 338 (39.4) <0.0001 169 (28.2) 143 (45.5) 195 (52.0) <0.0001

Ethnicity/tribe

Non-Baganda 316 (52.8) 364 (52.8) 0.978 316 (52.8) 152 (48.4) 212 (56.5)

Baganda 283 (47.2) 325 (47.2) 283 (47.2) 162 (51.6) 163 (43.5) 0.104

Occupation

None fishing activities† 334 (55.8) 306 (44.4) 334 (55.8) 150 (47.8) 156 (41.6)

Fishing/fishing related activities†† 265 (44.2) 383 (55.6) <0.0001 265 (44.2) 164 (52.2) 219 (58.4) <0.0001

Duration in community at enrollment (years)

5+ 306 (51.1) 344 (49.9) 306 (51.1) 146 (46.5) 198 (52.8)

2–4 156 (26.0) 177 (25.7) 156 (26.0) 88 (28.0) 89 (23.7)

Less than 2 137 (22.9) 168 (24.4) 0.815 137 (22.9) 80 (25.5) 88 (23.5) 0.515

SEXUAL BEHAVIORS

Marital status

Not married 187 (39.2) 290 (42.1) 187 (39.2) 124 (39.5) 166 (44.3)

Married 412 (50.8) 399 (57.9) <0.0001 412 (50.8) 190 (60.5) 209 (55.7) <0.0001

New sex partners in past 12 months

0–1 494 (92.3) 486 (78.1) 494 (92.3) 241 (84.6) 245 (72.7)

2+ 41 (7.7) 136 (21.9) <0.0001 41 (7.7) 44 (15.4) 92 (27.3) <0.0001

Condom use in past 12 months

No 373 (73.1) 328 (52.3) 373 (73.1) 153 (53.5) 175 (51.3)

Yes 167 (26.9) 299 (47.7) <0.0001 167 (26.9) 133 (46.5) 166 (48.7) <0.0001

Drank alcohol before sex

No 515 (87.6) 326 (47.3) 515 (87.6) 193 (61.5) 133 (35.5)

Yes 73 (12.4) 363 (52.7) <0.0001 73 (12.4) 121 (38.5) 242 (64.5) <0.0001

†Farming, Shop keeping, Housewife, Construction/Mechanic/Government/Clerical, Fishing,
††Fishmongers, fish processing, boat maker/owner

doi:10.1371/journal.pone.0171200.t002
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found that 64% of all new HIV infections could be attributed to drinking alcohol. Mathemati-

cally, this implies that discontinuing alcohol drinking in these communities would eliminate

64% of new HIV infections. This PAF of HIV due to alcohol was similar to what was estimated

among sex workers in Kampala, Uganda [24]. Significantly reducing alcohol consumption

would be a difficult task particularly when drinking is neither a cultural nor a religous taboo

for the majority of residents. Even among Muslims in our study, whose faith prohibits alcohol

drinking, one third reported some level of drinking. And one out of every five drinkers in this

Table 4. HIV incidence and population attributable fractions of new HIV infections due to alcohol consumption using imputed data for those lost

to follow up (n = 1607).

Characteristic Incidence Rate (95% CI) Population Attributable Fraction (95% CI)

Crude Adjusted

All Participants 3.67 (2.53–4.22) 57.3 (31.2–73.5) 50.8 (19.0–70.1)

Sex

Male 3.21 (2.26–4.57) 59.4 (33.2–75.4) 53.9 (21.8–72.8)

Female 3.33 (2.29–4.85) 54.6 (28.9–71.0) 47.3 (15.9–67.0)

Age at enrolment (years)

30+ 2.36 (1.49–3.75) 58.6 (32.4–74.7) 52.5 (20.3–71.7)

25–29 4.01 (2.53–6.36) 57.2 (30.8–73.5) 51.3 (19.3–70.6)

18–24 3.90 (2.58–5.91) 55.6 (30.0–71.8) 49.0 (17.7–68.5)

Education

None/Primary 3.17 (2.29–4.39) 57.5 (31.1–73.8) 51.1 (19.2–70.5)

Secondary and beyond 3.45 (2.27–5.23) 57.1 (31.5–73.1) 50.3 (18.6–69.6)

Religion

Muslim 2.20 (1.10–4.39) 45.4 (21.9–61.8) 37.2 (9.6–56.5)

Protestant/Evangelical 2.73 (1.77–4.22) 56.8 (30.9–73.0) 49.2 (17.0–68.9)

Roman Catholic 4.42 (3.09–6.32) 62.2 (35.9–77.7) 55.5 (22.3–74.5)

Ethnicity/tribe

Baganda 2.48 (1.60–3.85) 57.7 (31.8–73.7) 50.3 (18.6–69.7)

Non-Baganda 3.92 (2.86–5.38) 57.1 (30.7–73.4) 51.1 (19.2–70.4)

Occupation

None fishing activities† 2.91 (1.98–4.26) 55.2 (29.5–71.5) 47.9 (16.6–67.5)

Fishing/fishing related activities†† 3.64 (2.57–5.13) 59.3 (32.9–75.3) 53.2 (21.0–72.3)

Duration of stay in community (years)

5+ 2.70 (1.76–4.15) 57.2 (30.8–73.5) 51.3 (19.5–70.6)

2–4 3.49 (2.14–5.68) 57.6 (31.6–73.7) 51.5 (19.5–70.7)

Less than 2 3.90 (2.55–5.96) 57.4 (31.5–73.5) 49.8 (18.0–69.3)

Marital Status

Not Married 4.42 (3.12–6.28) 59.4 (33.2–75.3) 52.7 (20.5–71.9)

Married 2.51 (1.72–3.67) 55.9 (29.9–72.3) 48.6 (16.9–68.2)

New sex partners in past 12 months

0–1 2.81 (2.08–3.80) 64.1 (38.1–79.2) 48.0 (16.2–67.7)

2+ 5.69 (3.50–9.27) 55.8 (29.8–72.1) 58.2 (25.2–76.7)

Condom use

No 3.00 (2.12–4.24) 54.2 (28.5–70.7) 47.2 (15.7–66.9)

Yes 3.67 (2.50–5.38) 61.3 (35.1–76.9) 55.3 (22.6–74.2)

†Farming, Shop keeping, Housewife, Construction/Mechanic/Government/Clerical, Fishing,
††Fishmongers, fish processing, boat maker/owner

doi:10.1371/journal.pone.0171200.t004
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study was a Muslim. Alcohol regulation is also complicated, and involves legislation and

enforcement of production, distribution, and sales, made particularly difficult when illegal

‘home-brew’ alcohol is widely available. Organizations that accrue monetary benefits from

alcohol sales including government tax agencies, are likely to mount resistance [33]. In addi-

tion, light to moderate alcohol use has been shown to have cardioprotective and immune-

boosting effects [50–53]. However, the cardioprotective effect may be due to genetic factors

rather than alcohol consumption [54]. It is noteworthy that a study in South Africa found that

the costs of addressing alcohol-related harms counterbalance the economic benefits obtained

from alcohol sales hence justifying stricter alcohol regulation [55].

Regardless of the challenges to alcohol control, our findings show that effective interven-

tions aimed at reducing alcohol consumption could play a big role in reducing the risk of HIV

in fishing communities. A recent computer simulation study found that an intervention to

reduce hazardous alcohol consumption in HIV-infected persons in East Africa could avert

about 18,000 new infections and lead to considerable improvement in the quality-adjusted life

years [56].

In this study, alcohol consumption was associated with HIV risk behaviours such as multi-

ple sexual partners, high numbers of new sexual partners, and drinking alcohol before having

sex; this was consistent with previous findings in Uganda [19,43], Tanzania, Kenya and

Namibia [8]. Consistent condom use was higher among regular drinkers than occassional

drinker and non-drinkers. This result is in same direction as the results of the study by Kiene

et al which showed that being drunk during sex with casual partners was associated with

increased condom use [15]. Despite the reported higher consistent condom use among regular

drinkers, they had the highest HIV incidence rate which is paradoxical because consistent con-

dom use should have led to protection against HIV acquisition [57]. While this observation

could reflect reporting bias, the fact that drinkers also reported more sex partners (total and

new) does not support the assumption. Qualitative findings from the Rakai cohort, Uganda,

[44,58] and our unpublished data indicate that the high consumption of alcohol in fishing

communities may be due to the abundance of drinking places, the availability of cheap locally

made alcohol, the practice of easy-to-get easy-to-spend income from fishing, and the belief

that alcohol makes it easier to endure fishing at night.

This study had several limitations. The primary goal of the study was to estimate HIV inci-

dence and not to evaluate alcohol use. Thus, we did not use standardized alcohol question-

naires as such as the Alcohol Use Disorders Identification Test (AUDIT). However, our

findings were similar to those reported in a previous study in Ugandan fishing communities

that used the AUDIT interview[43]. Recall bias could have occurred for the self-report

12-months alcohol consumption given the length of the duration. There was statistically signif-

icant lower follow up rates participants aged 18–24 years and those not married yet both covar-

iates were associated with lower levels of self-reported alcohol consumption, and this could

have led to an overestimation of alcohol consumption levels. A sensitivity analysis conducted

after imputing data for those lost to follow up showed a lower adjusted PAF [50.8 (95% CI;

19.0–70.1)] than that estimated from the actual data 64.1 (95% CI; 23.5–83.1). However, as

observed from the actual data, the adjusted PAF was higher in males, lowest among Muslims,

and highest among participants who reported two or more new sexual partners in the at-risk

interval. Finally, we did not control for STIs due to the lack of data. However, a study done in

Rakai, Uganda, showed that the PAFs of incident HIV due to symptomatic STIs was less than

10% [59]. A major strength of our study was using a random sample of fisherfolk from three

different communities which increases the likelihood of representativeness of fisherfolk in this

region.

Population attributable fraction of HIV associated with alcohol
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Conclusion

In fishing communities along Lake Victoria, Uganda, the PAF of incident HIV infections asso-

ciated with alcohol consumption is 64%. Interventions to reduce alcohol consumption are

urgently needed as part of HIV/AIDS prevention.

Acknowledgments

We thank the anonymous reviewers and Dr. Matt Price of IAVI, New York for his insightful

comments on the manuscript.

Author Contributions

Conceptualization: NK AS NKS.

Data curation: NK IS AS AN AB PKK BSB PK.

Formal analysis: NK AN JS CL JH NKS.

Funding acquisition: NK PK NKS.

Investigation: NK IS AS AN AB PKK BSB.

Methodology: NK AS IS AN.

Project administration: NK AS AB.

Resources: NK PKK BSB.

Software: NK JS AN.

Supervision: NK AS IS AN.

Validation: NK IS AS NA JS PKK BSB.

Visualization: NK AB AS CL JH NKS PK.

Writing – original draft: NK AS NA AB BSB.

Writing – review & editing: NK BSB JH CL NKS.

References
1. Scott-Sheldon LA, Carey KB, Carey MP, Cain D, Simbayi LC, Kalichman SC (2014) Alcohol use disor-

der, contexts of alcohol use, and the risk of HIV transmission among South African male patrons of she-

beens. Drug Alcohol Depend.

2. Scott-Sheldon LA, Walstrom P, Carey KB, Johnson BT, Carey MP (2013) Alcohol use and sexual risk

behaviors among individuals infected with HIV: a systematic review and meta-analysis 2012 to early

2013. Curr HIV /AIDS Rep 10: 314–323. doi: 10.1007/s11904-013-0177-5 PMID: 24078370

3. Weiser SD, Leiter K, Heisler M, McFarland W, Percy-de KF, DeMonner SM, et al (2006). A population-

based study on alcohol and high-risk sexual behaviors in Botswana. PLoS Med 3: e392. doi: 10.1371/

journal.pmed.0030392 PMID: 17032060

4. Shuper PA, Joharchi N, Irving H, Rehm J (2009) Alcohol as a correlate of unprotected sexual behavior

among people living with HIV/AIDS: review and meta-analysis. AIDS Behav 13: 1021–1036. doi: 10.

1007/s10461-009-9589-z PMID: 19618261

5. Woolf-King SE, Maisto SA (2011) Alcohol use and high-risk sexual behavior in Sub-Saharan Africa: a

narrative review. Arch Sex Behav 40: 17–42. doi: 10.1007/s10508-009-9516-4 PMID: 19705274

6. Chersich MF, Rees HV, Scorgie F, Martin G (2009) Enhancing global control of alcohol to reduce

unsafe sex and HIV in sub-Saharan Africa. Global Health 5: 16. doi: 10.1186/1744-8603-5-16 PMID:

19919703

Population attributable fraction of HIV associated with alcohol

PLOS ONE | DOI:10.1371/journal.pone.0171200 February 16, 2017 11 / 14

http://dx.doi.org/10.1007/s11904-013-0177-5
http://www.ncbi.nlm.nih.gov/pubmed/24078370
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/10.1007/s10461-009-9589-z
http://dx.doi.org/10.1007/s10461-009-9589-z
http://www.ncbi.nlm.nih.gov/pubmed/19618261
http://dx.doi.org/10.1007/s10508-009-9516-4
http://www.ncbi.nlm.nih.gov/pubmed/19705274
http://dx.doi.org/10.1186/1744-8603-5-16
http://www.ncbi.nlm.nih.gov/pubmed/19919703


7. Chersich MF, Bosire W, King’ola N, Temmerman M, Luchters S (2014) Effects of hazardous and harm-

ful alcohol use on HIV incidence and sexual behaviour: a cohort study of Kenyan female sex workers.

Global Health 10: 22. doi: 10.1186/1744-8603-10-22 PMID: 24708844

8. Medley A, Seth P, Pathak S, Howard AA, Deluca N, Matiko E, et al (2014). Alcohol use and its associa-

tion with HIV risk behaviors among a cohort of patients attending HIV clinical care in Tanzania, Kenya,

and Namibia. AIDS Care 1–10.

9. Kouyoumdjian FG, Calzavara LM, Bondy SJ, O’Campo P, Serwadda D, Nalugoda F, et al (2013). Inti-

mate partner violence is associated with incident HIV infection in women in Uganda. AIDS 27: 1331–

1338. doi: 10.1097/QAD.0b013e32835fd851 PMID: 23925380

10. Zablotska IB, Gray RH, Koenig MA, Serwadda D, Nalugoda F, Kigozi G, et al (2009). Alcohol use, inti-

mate partner violence, sexual coercion and HIV among women aged 15–24 in Rakai, Uganda. AIDS

Behav 13: 225–233. doi: 10.1007/s10461-007-9333-5 PMID: 18064556

11. Nkosi S, Rich EP, Morojele NK (2014) Alcohol Use, Sexual Relationship Power, and Unprotected Sex

Among Patrons in Bars and Taverns in Rural Areas of North West Province, South Africa. AIDS Behav.

12. Baliunas D, Rehm J, Irving H, Shuper P (2010) Alcohol consumption and risk of incident human immu-

nodeficiency virus infection: a meta-analysis. Int J Public Health 55: 159–166. 1 doi: 10.1007/s00038-

009-0095-x PMID: 19949966

13. Koenig MA, Lutalo T, Zhao F, Nalugoda F, Kiwanuka N, Wabwire-Mangen F, et al (2004). Coercive sex

in rural Uganda: prevalence and associated risk factors. Soc Sci Med 58: 787–798. PMID: 14672593

14. Morojele NK, Kachieng’a MA, Mokoko E, Nkoko MA, Parry CD, Nkowane AM, et al (2006). Alcohol use

and sexual behaviour among risky drinkers and bar and shebeen patrons in Gauteng province, South

Africa. Soc Sci Med 62: 217–227. doi: 10.1016/j.socscimed.2005.05.031 PMID: 16054281

15. Kiene SM, Subramanian SV (2013) Event-level association between alcohol use and unprotected sex

during last sex: evidence from population-based surveys in sub-Saharan Africa. BMC Public Health 13:

583. 1471-2458-13-583 [pii]; doi: 10.1186/1471-2458-13-583 PMID: 23767763

16. Kiene SM, Barta WD, Tennen H, Armeli S (2009) Alcohol, helping young adults to have unprotected sex

with casual partners: findings from a daily diary study of alcohol use and sexual behavior. J Adolesc

Health 44: 73–80. doi: 10.1016/j.jadohealth.2008.05.008 PMID: 19101461

17. Kiwanuka N, Ssetaala A, Nalutaaya A, Mpendo J, Wambuzi M, Nanvubya A, et al (2014). High Inci-

dence of HIV-1 Infection in a General Population of Fishing Communities around Lake Victoria, Uganda.

PLoS One 9: e94932. doi: 10.1371/journal.pone.0094932 PMID: 24866840

18. Kiwanuka N, Ssetaala A, Mpendo J, Wambuzi M, Nanvubya A, Sigirenda S, et al (2013). High HIV-1

prevalence, risk behaviours, and willingness to participate in HIV vaccine trials in fishing communities

on Lake Victoria, Uganda. J Int AIDS Soc 16: 18621. 18621 [pii]. doi: 10.7448/IAS.16.1.18621 PMID:

23880102

19. Seeley J, Nakiyingi-Miiro J, Kamali A, Mpendo J, Asiki G, Abaasa A, et al (2012). High HIV incidence

and socio-behavioral risk patterns in fishing communities on the shores of Lake Victoria, Uganda. Sex

Transm Dis 39: 433–439. PMID: 22592828

20. Geis S, Maboko L, Saathoff E, Hoffmann O, Geldmacher C, Mmbando D, et al (2011). Risk factors for

HIV-1 infection in a longitudinal, prospective cohort of adults from the Mbeya Region, Tanzania. J Acquir

Immune Defic Syndr 56: 453–459. doi: 10.1097/QAI.0b013e3182118fa3 PMID: 21297483

21. Fisher JC, Bang H, Kapiga SH (2007) The association between HIV infection and alcohol use: a sys-

tematic review and meta-analysis of African studies. Sex Transm Dis 34: 856–863. 1 PMID: 18049422

22. Zablotska IB, Gray RH, Serwadda D, Nalugoda F, Kigozi G, Sewankambo N, et al (2006). Alcohol use

before sex and HIV acquisition: a longitudinal study in Rakai, Uganda. AIDS 20: 1191–1196. doi: 10.

1097/01.aids.0000226960.25589.72 PMID: 16691071

23. Coldiron ME, Stephenson R, Chomba E, Vwalika C, Karita E, Kayitenkore K, et al (2008). The relation-

ship between alcohol consumption and unprotected sex among known HIV-discordant couples in

Rwanda and Zambia. AIDS Behav 12: 594–603. doi: 10.1007/s10461-007-9304-x PMID: 17705032

24. Vandepitte J, Weiss HA, Bukenya J, Nakubulwa S, Mayanja Y, Matovu G, etal (2012). Alcohol use,

Mycoplasma genitalium and other STIs associated with HIV incidence among women at high risk in

Kampala, Uganda. J Acquir Immune Defic Syndr.

25. MacDonald TK, MacDonald G, Zanna MP, Fong GT (2000) Alcohol, sexual arousal, and intentions to

use condoms in young men: applying alcohol myopia theory to risky sexual behavior. Health Psychol

19: 290–298. PMID: 10868774

26. Fromme K, D’Amico EJ, Katz EC (1999) Intoxicated sexual risk taking: an expectancy or cognitive

impairment explanation? J Stud Alcohol 60: 54–63. PMID: 10096309

27. Cooper ML (2002) Alcohol use and risky sexual behavior among college students and youth: evaluating

the evidence. J Stud Alcohol Suppl 101–117. PMID: 12022716

Population attributable fraction of HIV associated with alcohol

PLOS ONE | DOI:10.1371/journal.pone.0171200 February 16, 2017 12 / 14

http://dx.doi.org/10.1186/1744-8603-10-22
http://www.ncbi.nlm.nih.gov/pubmed/24708844
http://dx.doi.org/10.1097/QAD.0b013e32835fd851
http://www.ncbi.nlm.nih.gov/pubmed/23925380
http://dx.doi.org/10.1007/s10461-007-9333-5
http://www.ncbi.nlm.nih.gov/pubmed/18064556
http://dx.doi.org/10.1007/s00038-009-0095-x
http://dx.doi.org/10.1007/s00038-009-0095-x
http://www.ncbi.nlm.nih.gov/pubmed/19949966
http://www.ncbi.nlm.nih.gov/pubmed/14672593
http://dx.doi.org/10.1016/j.socscimed.2005.05.031
http://www.ncbi.nlm.nih.gov/pubmed/16054281
http://dx.doi.org/10.1186/1471-2458-13-583
http://www.ncbi.nlm.nih.gov/pubmed/23767763
http://dx.doi.org/10.1016/j.jadohealth.2008.05.008
http://www.ncbi.nlm.nih.gov/pubmed/19101461
http://dx.doi.org/10.1371/journal.pone.0094932
http://www.ncbi.nlm.nih.gov/pubmed/24866840
http://dx.doi.org/10.7448/IAS.16.1.18621
http://www.ncbi.nlm.nih.gov/pubmed/23880102
http://www.ncbi.nlm.nih.gov/pubmed/22592828
http://dx.doi.org/10.1097/QAI.0b013e3182118fa3
http://www.ncbi.nlm.nih.gov/pubmed/21297483
http://www.ncbi.nlm.nih.gov/pubmed/18049422
http://dx.doi.org/10.1097/01.aids.0000226960.25589.72
http://dx.doi.org/10.1097/01.aids.0000226960.25589.72
http://www.ncbi.nlm.nih.gov/pubmed/16691071
http://dx.doi.org/10.1007/s10461-007-9304-x
http://www.ncbi.nlm.nih.gov/pubmed/17705032
http://www.ncbi.nlm.nih.gov/pubmed/10868774
http://www.ncbi.nlm.nih.gov/pubmed/10096309
http://www.ncbi.nlm.nih.gov/pubmed/12022716


28. Perry MJ, Solomon LJ, Winett RA, Kelly JA, Roffman RA, Desiderato LL, et al (1994). High risk sexual

behavior and alcohol consumption among bar-going gay men. AIDS 8: 1321–1324. PMID: 7802987

29. Loganantharaj N, Nichols WA, Bagby GJ, Volaufova J, Dufour J, Martin DH, et al (2014). The effects of

chronic binge alcohol on the genital microenvironment of simian immunodeficiency virus-infected

female rhesus macaques. AIDS Res Hum Retroviruses 30: 783–791. doi: 10.1089/AID.2014.0065

PMID: 24902876

30. Ippolito JA, Curtis BJ, Choudhry MA, Kovacs EJ (2013) Alcohol and immunology: Summary of the 2012

Alcohol and Immunology Research Interest Group (AIRIG) meeting. Alcohol 47: 589–593. doi: 10.

1016/j.alcohol.2013.09.003 PMID: 24169087

31. Theall KP, Amedee A, Clark RA, Dumestre J, Kissinger P (2008) Alcohol consumption and HIV-1 vagi-

nal RNA shedding among women. J Stud Alcohol Drugs 69: 454–458. PMID: 18432389

32. Fritz K, Morojele N, Kalichman S (2010) Alcohol: the forgotten drug in HIV/AIDS. Lancet 376: 398–400.

S doi: 10.1016/S0140-6736(10)60884-7 PMID: 20650516

33. Hahn JA, Woolf-King SE, Muyindike W (2011) Adding fuel to the fire: alcohol’s effect on the HIV epi-

demic in Sub-Saharan Africa. Curr HIV /AIDS Rep 8: 172–180. doi: 10.1007/s11904-011-0088-2

PMID: 21713433

34. Carrasco MA, Esser MB, Sparks A, Kaufman MR (2016) HIV-Alcohol Risk Reduction Interventions in

Sub-Saharan Africa: A Systematic Review of the Literature and Recommendations for a Way Forward.

AIDS Behav 20: 484–503. doi: 10.1007/s10461-015-1233-5 PMID: 26511865

35. Hahn JA, Emenyonu NI, Fatch R, Muyindike WR, Kekiibina A, Carrico AW, et al (2016). Declining and

rebounding unhealthy alcohol consumption during the first year of HIV care in rural Uganda, using phos-

phatidylethanol to augment self-report. Addiction 111: 272–279. doi: 10.1111/add.13173 PMID:

26381193

36. Francis JM, Weiss HA, Mshana G, Baisley K, Grosskurth H, Kapiga SH (2015) The Epidemiology of

Alcohol Use and Alcohol Use Disorders among Young People in Northern Tanzania. PLoS One 10:

e0140041. doi: 10.1371/journal.pone.0140041 PMID: 26444441

37. Teferra S, Medhin G, Selamu M, Bhana A, Hanlon C, Fekadu A (2016) Hazardous alcohol use and

associated factors in a rural Ethiopian district: a cross-sectional community survey. BMC Public Health

16: 218. doi: 10.1186/s12889-016-2911-6 PMID: 26940221

38. Petersen WP, Petersen Z, Sorsdahl K, Mathews C, Everett-Murphy K, Parry CD (2015) Screening and

Brief Interventions for Alcohol and Other Drug Use Among Pregnant Women Attending Midwife Obstet-

ric Units in Cape Town, South Africa: A Qualitative Study of the Views of Health Care Professionals. J

Midwifery Womens Health 60: 401–409. doi: 10.1111/jmwh.12328 PMID: 26220766

39. Burnhams NH, London L, Laubscher R, Nel E, Parry C (2015) Results of a cluster randomised con-

trolled trial to reduce risky use of alcohol, alcohol-related HIV risks and improve help-seeking behaviour

among safety and security employees in the Western Cape, South Africa. Subst Abuse Treat Prev Pol-

icy 10: 18. doi: 10.1186/s13011-015-0014-5 PMID: 25951907

40. Parcesepe AM, LE KL, Martin SL, Green S, Sinkele W, Suchindran C, et al (2016). The impact of an

alcohol harm reduction intervention on interpersonal violence and engagement in sex work among

female sex workers in Mombasa, Kenya: Results from a randomized controlled trial. Drug Alcohol

Depend 161: 21–28. doi: 10.1016/j.drugalcdep.2015.12.037 PMID: 26872880

41. Stockwell T, Chikritzhs T, Brinkman S (2000) The role of social and health statistics in measuring harm

from alcohol. J Subst Abuse 12: 139–154. S0899-3289(00)00046-8 [pii]. PMID: 11288467

42. Kiwanuka N, Mpendo J, Nalutaaya A, Wambuzi M, Nanvubya A, Kitandwe PK, et al (2014). An assess-

ment of fishing communities around Lake Victoria, Uganda, as potential populations for future HIV vac-

cine efficacy studies: an observational cohort study. BMC Public Health 14: 986. doi: 10.1186/1471-

2458-14-986 PMID: 25242015

43. Tumwesigye NM, Atuyambe L, Wanyenze RK, Kibira SP, Li Q, Wabwire-Mangen F, et al (2012). Alco-

hol consumption and risky sexual behaviour in the fishing communities: evidence from two fish landing

sites on Lake Victoria in Uganda. BMC Public Health 12: 1069. doi: 10.1186/1471-2458-12-1069

PMID: 23231779

44. Lubega M, Nakyaanjo N, Nansubuga S, Hiire E, Kigozi G, Nakigozi G, et al (2015). Risk Denial and

Socio-Economic Factors Related to High HIV Transmission in a Fishing Community in Rakai, Uganda:

A Qualitative Study. PLoS One 10: e0132740. doi: 10.1371/journal.pone.0132740 PMID: 26309179

45. Kim AA, Hallett T, Stover J, Gouws E, Musinguzi J, Mureithi PK, et al (2011). Estimating HIV incidence

among adults in Kenya and Uganda: a systematic comparison of multiple methods. PLoS One 6:

e17535. doi: 10.1371/journal.pone.0017535 PMID: 21408182

46. Opio A, Muyonga M, Mulumba N (2013) HIV Infection in Fishing Communities of Lake Victoria Basin of

Uganda—A Cross-Sectional Sero-Behavioral Survey. PLoS One 8: e70770. doi: 10.1371/journal.

pone.0070770 PMID: 23940638

Population attributable fraction of HIV associated with alcohol

PLOS ONE | DOI:10.1371/journal.pone.0171200 February 16, 2017 13 / 14

http://www.ncbi.nlm.nih.gov/pubmed/7802987
http://dx.doi.org/10.1089/AID.2014.0065
http://www.ncbi.nlm.nih.gov/pubmed/24902876
http://dx.doi.org/10.1016/j.alcohol.2013.09.003
http://dx.doi.org/10.1016/j.alcohol.2013.09.003
http://www.ncbi.nlm.nih.gov/pubmed/24169087
http://www.ncbi.nlm.nih.gov/pubmed/18432389
http://dx.doi.org/10.1016/S0140-6736(10)60884-7
http://www.ncbi.nlm.nih.gov/pubmed/20650516
http://dx.doi.org/10.1007/s11904-011-0088-2
http://www.ncbi.nlm.nih.gov/pubmed/21713433
http://dx.doi.org/10.1007/s10461-015-1233-5
http://www.ncbi.nlm.nih.gov/pubmed/26511865
http://dx.doi.org/10.1111/add.13173
http://www.ncbi.nlm.nih.gov/pubmed/26381193
http://dx.doi.org/10.1371/journal.pone.0140041
http://www.ncbi.nlm.nih.gov/pubmed/26444441
http://dx.doi.org/10.1186/s12889-016-2911-6
http://www.ncbi.nlm.nih.gov/pubmed/26940221
http://dx.doi.org/10.1111/jmwh.12328
http://www.ncbi.nlm.nih.gov/pubmed/26220766
http://dx.doi.org/10.1186/s13011-015-0014-5
http://www.ncbi.nlm.nih.gov/pubmed/25951907
http://dx.doi.org/10.1016/j.drugalcdep.2015.12.037
http://www.ncbi.nlm.nih.gov/pubmed/26872880
http://www.ncbi.nlm.nih.gov/pubmed/11288467
http://dx.doi.org/10.1186/1471-2458-14-986
http://dx.doi.org/10.1186/1471-2458-14-986
http://www.ncbi.nlm.nih.gov/pubmed/25242015
http://dx.doi.org/10.1186/1471-2458-12-1069
http://www.ncbi.nlm.nih.gov/pubmed/23231779
http://dx.doi.org/10.1371/journal.pone.0132740
http://www.ncbi.nlm.nih.gov/pubmed/26309179
http://dx.doi.org/10.1371/journal.pone.0017535
http://www.ncbi.nlm.nih.gov/pubmed/21408182
http://dx.doi.org/10.1371/journal.pone.0070770
http://dx.doi.org/10.1371/journal.pone.0070770
http://www.ncbi.nlm.nih.gov/pubmed/23940638


47. Zeger SL, Liang KY, Albert PS (1988) Models for longitudinal data: a generalized estimating equation

approach. Biometrics 44: 1049–1060. PMID: 3233245

48. Greenland S, Drescher K (1993) Maximum likelihood estimation of the attributable fraction from logistic

models. Biometrics 49: 865–872. PMID: 8241375

49. Brady A (1998) Adjusted population attributable fractions from logistic regression. Stata Technical Bul-

letin STB-42:8–12.

50. Chiva-Blanch G, Magraner E, Condines X, Valderas-Martinez P, Roth I, Arranz S, et al (2014). Effects

of alcohol and polyphenols from beer on atherosclerotic biomarkers in high cardiovascular risk men: A

randomized feeding trial. Nutr Metab Cardiovasc Dis.

51. Messaoudi I, Pasala S, Grant K (2014) Could moderate alcohol intake be recommended to improve

vaccine responses? Expert Rev Vaccines 13: 817–819. doi: 10.1586/14760584.2014.924405 PMID:

24872009

52. Messaoudi I, Asquith M, Engelmann F, Park B, Brown M, Rau A, et al (2013). Moderate alcohol con-

sumption enhances vaccine-induced responses in rhesus macaques. Vaccine 32: 54–61. doi: 10.1016/

j.vaccine.2013.10.076 PMID: 24200973

53. Guizzetti M, Zhang X, Goeke C, Gavin DP (2014) Glia and Neurodevelopment: Focus on Fetal Alcohol

Spectrum Disorders. Front Pediatr 2: 123. doi: 10.3389/fped.2014.00123 PMID: 25426477

54. Glymour MM (2014) Alcohol and cardiovascular disease. BMJ 349: g4334. doi: 10.1136/bmj.g4334

PMID: 25011451

55. Matzopoulos RG, Truen S, Bowman B, Corrigall J (2014) The cost of harmful alcohol use in South

Africa. S Afr Med J 104: 127–132. PMID: 24893544

56. Kessler J, Ruggles K, Patel A, Nucifora K, Li L, Roberts MS, et al (2015). Targeting an alcohol interven-

tion cost-effectively to persons living with HIV/AIDS in East Africa. Alcohol Clin Exp Res 39: 2179–

2188. doi: 10.1111/acer.12890 PMID: 26463727

57. Ahmed S, Lutalo T, Wawer M, Serwadda D, Sewankambo NK, Nalugoda F, et al (2001). HIV incidence

and sexually transmitted disease prevalence associated with condom use: a population study in Rakai,

Uganda. AIDS 15: 2171–2179 PMID: 11684937

58. Lubega M, Nakyaanjo N, Nansubuga S, Hiire E, Kigozi G, Nakigozi G, et al (2015). Understanding the

socio-structural context of high HIV transmission in kasensero fishing community, South Western

Uganda. BMC Public Health 15: 1033. doi: 10.1186/s12889-015-2371-4 PMID: 26449622

59. Gray RH, Wawer MJ, Sewankambo NK, Serwadda D, Li C, Moulton LH, et al (1999). Relative risks and

population attributable fraction of incident HIV associated with symptoms of sexually transmitted dis-

eases and treatable symptomatic sexually transmitted diseases in Rakai District, Uganda. Rakai Project

Team. AIDS 13: 2113–2123. PMID: 10546865

Population attributable fraction of HIV associated with alcohol

PLOS ONE | DOI:10.1371/journal.pone.0171200 February 16, 2017 14 / 14

http://www.ncbi.nlm.nih.gov/pubmed/3233245
http://www.ncbi.nlm.nih.gov/pubmed/8241375
http://dx.doi.org/10.1586/14760584.2014.924405
http://www.ncbi.nlm.nih.gov/pubmed/24872009
http://dx.doi.org/10.1016/j.vaccine.2013.10.076
http://dx.doi.org/10.1016/j.vaccine.2013.10.076
http://www.ncbi.nlm.nih.gov/pubmed/24200973
http://dx.doi.org/10.3389/fped.2014.00123
http://www.ncbi.nlm.nih.gov/pubmed/25426477
http://dx.doi.org/10.1136/bmj.g4334
http://www.ncbi.nlm.nih.gov/pubmed/25011451
http://www.ncbi.nlm.nih.gov/pubmed/24893544
http://dx.doi.org/10.1111/acer.12890
http://www.ncbi.nlm.nih.gov/pubmed/26463727
http://www.ncbi.nlm.nih.gov/pubmed/11684937
http://dx.doi.org/10.1186/s12889-015-2371-4
http://www.ncbi.nlm.nih.gov/pubmed/26449622
http://www.ncbi.nlm.nih.gov/pubmed/10546865

