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OBJECTIVE: To examine the relation between problem

drinking and medication adherence among persons with HIV

infection.

DESIGN: Cross-sectional survey.

SETTING/PARTICIPANTS: Two hundred twelve persons with

HIV infection who visited 2 outpatient clinics between

December 1997 and February 1998.

MEASUREMENTS AND MAIN RESULTS: Nineteen percent of

subjects reported problem drinking during the previous month,

14% missed at least 1 dose of medication within the previous

24 hours, and 30% did not take their medications as scheduled

during the previous week. Problem drinkers were slightly more

likely to report a missed dose (17% vs 12 %, P = .38) and

significantly more likely to report taking medicines off

schedule (45% vs 26%, P = .02). Among drinking subtypes,

taking medications off schedule was significantly associated

with both heavy drinking (high quantity/frequency) (adjusted

odds ratio [OR], 4.70; 95% confidence interval [95% CI], 1.49 to

14.84; P < .05) and hazardous drinking (adjusted OR, 2.64; 95%

CI, 1.07 to 6.53; P < .05). Problem drinkers were more likely to

report missing medications because of forgetting (48% vs 35%,

P = .10), running out of medications (15% vs 8%, P = .16), and

consuming alcohol or drugs (26 % vs 3 %, P < .001).

CONCLUSION: Problem drinking is associated with decreased

medication adherence, particularly with taking medications

off schedule during the previous week. Clinicians should assess

for alcohol problems, link alcohol use severity to potential

adherence problems, and monitor outcomes in both alcohol

consumption and medication adherence.
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H ighly active antiretroviral therapy has significantly

improved the prognosis of persons with HIV infec-

tion.1 However, the complex antiviral drug regimen can be

difficult to take as scheduled because medications may

need to be taken at work, in strict relationship to meals,

or may interfere with normal sleeping times. Unfortu-

nately, missing even a few doses or taking medications off

schedule may result in the development of viral resistance

and may adversely impact survival.2 Therefore, adherence

to HIV therapy is a very important concern of both

patients and their physicians. Furthermore, the develop-

ment of drug-resistant HIV may be a public health

concern if persons spread resistant viruses into the

community.3

Several factors appear to be associated with adherence

to HIV medications, including demographic characteristics,

medication dosing schedules, psychiatric illness, attitudes

about medications, side effects, lack of primary care

physician involvement, and illicit drug use.4±11 Little

information is available on the relationship of alcohol use

to medication adherence, and the data reported to date are

contradictory.8±11 Previous studies used different mea-

sures of alcohol consumption, which further confuses the

ability to make conclusions about alcohol consumption

and adherence to HIV therapy.

The relationship of alcohol use to adherence is

important because alcohol consumption is common

among persons with HIV. One quarter to one half of

persons in some HIV clinics consume at least moderate

amounts of alcohol and many of these have problem

drinking.12,13 Problem drinking is defined as alcohol

consumption sufficiently large enough to lead to problems

of health and social functioning, but does not necessarily

meet Diagnostic and Statistical Manual of Mental Dis-

orders, Fourth Edition criteria for alcohol abuse or

dependence.14 Several specific patterns of problem drink-

ing, including hazardous,15 heavy,16 and binge17,18

drinking have been linked to adverse social and health

consequences in primary care settings. Yet, it is not clear

which, if any, of these drinking patterns interferes with

medication adherence among persons with HIV. If specific

patterns of drinking are associated with greater risks for

nonadherence, clinicians may be able to identify persons

with HIV who are most likely to benefit from interven-

tions which improve adherence and/or reduce alcohol

consumption.

The objectives of this study were to estimate the

prevalence of problem drinking and medication nonadher-

ence among a diverse group of outpatients with HIV

infection, to determine whether specific drinking patterns

are associated with medication adherence, and to identify

reasons for missing medications that are more common

among persons with problem drinking.
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METHODS

Design

We surveyed consecutive outpatients at two HIV

clinics between December 1997 and February 1998.

One site was an urban, university-associated clinic in

western Pennsylvania that provides outpatient care to

approximately 620 persons with HIV. The other was a

community-based clinic in a small city with a population

of about 100,000 in eastern Pennsylvania providing care

to approximately 325 persons with HIV. The study

protocol was approved by the University of Pittsburgh

Institutional Review Board.

Surveys were administered to a convenience sample of

outpatients for 12 weeks at the urban clinic and 6 weeks at

the community clinic. All persons with HIV who attended

the clinic during the study enrollment period were eligible.

Subjects were offered a private area to complete the

anonymous survey, which took approximately 10 minutes

to complete. Clinic staff attempted to distribute the survey

to consecutive persons attending the clinic, but this

occasionally did not occur when patients were late for

appointments, during busy clinic times, or when the

private area to complete the survey was occupied.

Measures

The survey instrument was available in English and

Spanish and included items on alcohol use, adherence to

therapy, subject demographics, and attitudes and beliefs

about taking medication. Clinic staff and persons with HIV

infection reviewed early versions of the survey and

suggested changes. The final survey included the 10-item

Alcohol Use Disorders Identification Test (AUDIT) which

has been validated in both English and Spanish and can

identify a current alcohol-related problem with a sensitiv-

ity of 96% and specificity of 96%.15,19 Two additional

items assessed quantity and frequency of alcohol con-

sumption during the previous month. For these items, a

drink of alcohol was defined as 1 beer, 1 glass of wine, or

1 shot of liquor. Collectively, these items were used to

define 3 patterns of drinking: binge drinking, if persons

reported drinking at least 5 drinks (women) or 6 drinks

(men) in one sitting at least monthly17; heavy drinking, if

persons consumed more than 12 (women) or 16 (men)

drinks per week during the previous month16; and

hazardous drinking, if persons scored at least 8 of 40

possible points on the AUDIT.19 The broader term problem

drinking was used to describe persons who had at least 1

of the 3 drinking types. All remaining subjects were

categorized as either persons who consumed no alcohol

during the previous month or those with mild-to-moderate

alcohol consumption.

We measured medication adherence using self-report.

No validated self-adherence measure was in widespread

use at the time of survey development; therefore, we used

two different measures. Persons were classified as having a

missed dose if they reported missing at least one dose of

medication in the previous 24 hours, and classified as

taking medications off schedule unless they took their

medications on time as scheduled during the previous

week ``all of the time'' or ``nearly all of the time.'' Those

taking medications as scheduled ``nearly all of the time''

received credit for being on schedule because it is unclear

whether a very slight alteration in scheduling adversely

affects clinical outcomes.

Participants were also asked whether they used

specific illicit drugs during the previous 30 days,

whether they had ever been in recovery for alcohol or

drug abuse, and whether they had received any treat-

ment for depression or anxiety in the previous year.

Other survey items assessed demographic characteris-

tics; medication history including number of pills, use of

protease inhibitors, and number of times per day that

pills are taken; perceived benefits of therapy; and

perceived harm from therapy. Finally, participants were

asked whether or not they sometimes missed a dose of

medication because of 8 potential reasons identified in

other studies.6,11,20,21

Data Analysis

Analyses and data management were conducted using

SAS for Windows Version 6.12 (SAS Institute, Inc., Cary,

NC). Of 232 surveys collected, 13 (5.6 %) were excluded

because the subject was not prescribed any medications

(n = 9) or because of substantial missing data (n = 4). Each

drinking pattern was represented as a single indicator

variable, where persons without that pattern were treated

as the reference group. Persons for whom the presence or

absence of a particular drinking pattern could not be

determined were excluded from analyses of that particular

drinking pattern, but not from the entire study. Separate

analyses were conducted for each of the drinking patterns

and each of the adherence measures.

The bivariate relationships of each drinking pattern to

medication nonadherence was examined using binary

logistic regression analysis, with �2 or Fisher's exact test

used to assess statistical significance. Then, the relation-

ship of each demographic factor, behavior, and attitude to

medication adherence and each drinking pattern was

determined in a similar manner. Multivariate logistic

regression was used to determine the relationship of each

alcohol drinking pattern with the two adherence measures.

For each model, individual factors were included as

potential confounding variables if they demonstrated a

significant relationship (P < .20) with either the particular

drinking variable of interest, the adherence variable of

interest, or both. Variables included in at least one of the

multivariate models included age, race (African American:

yes vs no), crack/cocaine use, poppers use, intravenous

drug use, treatment for depression/anxiety, and the belief

that it is dangerous to miss medications. Finally, c2

statistics were used to compare the proportion of persons
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with and without problem drinking who missed medica-

tions for various reasons.

RESULTS

Completed surveys were available from 219 persons

with HIV infection; clinic staff estimated that over 90% of

persons offered the survey actually completed it. Nineteen

percent of the subjects were classified as current problem

drinkers and 33% as mild-to-moderate drinkers; 48% did

not use alcohol in the previous year. Among the problem

drinking patterns, binge drinking was most common (17%),

followed by hazardous drinking (15%) and heavy drinking

(10%).

Characteristics of the study population are shown in

Table 1. Overall, 72% were men, most (57%) were between

31 and 40 years old, and 42% were members of racial and

ethnic minorities. At both clinic sites, the sampled popula-

tion was nearly identical to the overall clinic population in

terms of gender, age, and the proportion identifying

nonwhite ethnicity, although the sampled population had

slightly fewer who identified as African American and

slightly more who identified as Hispanic, compared with

the overall population. The majority (81%) took at least 1

protease inhibitor, with indinavir the most commonly

prescribed. Nearly 40% of the sample had received treat-

ment for alcohol or drug abuse in the past. Only two thirds

of participants believed it was dangerous to miss a dose of

medication, and one fourth believed their medications were

not helping them. Compared with nonproblem drinkers,

problem drinkers were significantly (P < .05) more likely to

be in the younger age ranges, to have consumed alcohol in

the previous month, and to report using crack or cocaine in

the previous month.

Fourteen percent of study participants stated that they

missed a dose of medication during the previous 24 hours,

and 30% indicated that they took their medicines off

schedule during the previous week. Compared with per-

sons without problem drinking, those with problem drink-

ing were slightly more likely to report a missed dose of

medication (17% vs 12%, P = .375) and much more likely to

report taking medications off schedule (46% vs 26%,

Table 1. Subject Characteristics

Problem Drinking* Overall
n Yes (n = 41) No (n = 171) (n = 219)

Clinic setting, % 219
University-based 73 70 71
Community-based 27 30 29

Gender, % 217
Men 83 70 72
Women 17 30 28

Age, %y 217
<30 years 10 12 11
31±40 years 80 52 57
>40 years 10 36 32

Race/ethnicity, % 214
African American 18 26 24
Hispanic 12 16 15
White 65 56 58
Other 5 2 3

Taking protease inhibitor, % 210 82 81 81
HIV risk, %z 214

Gay/bisexual 58 46 48
Heterosexual 38 40 40
Intravenous drug use 25 19 21

Substance use in previous month, %z 217
Alcoholy 100 35 44
Amyl nitrate 20 10 12
Cocaine/cracky 27 10 13
Heroin 5 5 5
Marijuana 32 25 26
Methadone 5 8 8

Treatments, %
Ever in recovery for alcohol/drugs 213 34 40 39
Received treatment for depression/anxiety 211 44 39 40

Attitudes, %
Believes dangerous to miss medications 209 62 65 67
Believes medications are helpful 210 80 79 81

* Problem drinking status could not be determined for 7 participants.
y P < .01.
z Respondents could select more than 1 category.
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P = .019). Among problem drinkers, those with hazardous

drinking were most likely to miss a dose (21%), followed

by those with binge drinking (17%) and heavy drinking

(15%). Taking medicines off schedule was most common

among those with heavy drinking (59%) and hazardous

drinking (53%), and slightly less among persons with

binge drinking (38%). There was no significant difference

in medication adherence between those persons with

mild-to-moderate drinking and those without any current

drinking.

In multivariate analyses, taking medications off sche-

dule was significantly associated with both heavy drinking

(adjusted odds ratio [OR], 4.70; 95% confidence interval

[95% CI], 1.49 to 14.84; P < .05) and hazardous drinking

(adjusted OR, 2.64; 95% CI, 1.07 to 6.53; P < .05), but not

with binge drinking (Table 2). Persons with each type of

problem drinking were also more likely to report a missed

dose of medication, although these results did not achieve

statistical significance (Table 2).

The proportion of participants who reported missing

medications for various reasons are shown in Figure 1.

Persons with problem drinking, compared with those

without problem drinking, were significantly more likely

to miss a dose because they were drinking and/or using

drugs (26 % vs 3 %, P < .001), and also more likely to

report missing a dose because they forgot (48% vs 35%,

P = .10) or because they ran out of medicine (15% vs 8%,

P = .16).

DISCUSSION

This study examined the relationship of problem

drinking to medication adherence among a diverse group

of persons with HIV infection. To our knowledge, it is the

first study to compare the effect of several types of problem

drinking on medication adherence within the same popula-

tion. The results suggest that: (1) problem drinking is

associated with decreased medication adherence, particu-

larly with taking medications off schedule during the

previous week; (2) heavy drinking (high quantity/fre-

quency) and hazardous drinking (high score on AUDIT)

were the drinking patterns most strongly associated with

adherence problems; and (3) persons with problem drink-

ing may be more likely to miss a dose of medicine because

of actively consuming alcohol or drugs, forgetting, or

running out of medication.

Problem drinking is a significant issue among persons

with HIV infection, affecting at least 1 of 5 persons in our

clinics. Measurement of problem drinking varies from

study to study, which makes it difficult to directly compare

prevalence across different populations. An even higher

prevalence of alcohol problems has been reported in some

other HIV-related settings, perhaps because other studies

classified persons as problem drinkers with lower levels of

alcohol consumption or with past drinking problems.12,13

For the present study, we assessed only current drinking

and chose specific measures of problem drinking that have

been associated with adverse outcomes in clinical set-

tings.15±18

Problem drinking was one of very few potentially

modifiable factors found to be a significant predictor of

medication adherence in this diverse population. The

specific link between alcohol and adherence is not known,

and several explanations are possible. Alcohol may have a

causal relationship with adherence if individuals miss their

medications because they are intoxicated or because they

attend social functions such as parties or bars. Alterna-

tively, the two behaviors could be related through a

common underlying factor such as individual personality,

Table 2. Relationship of Problem Drinking to Medication Adherence: Multivariate Analysis*

Took Medications Off
Schedule During Previous Week

Missed Dose During
Previous 24 Hours

Drinking Type
Adjusted Odds Ratio

(95% Confidence Interval)
Adjusted Odds Ratio

(95% Confidence Interval)

Binge drinking 1.43 (0.61 to 3.34) 1.83 (0.52 to 6.38)
Hazardous drinking 2.64 (1.07 to 6.53)y 3.34 (0.88 to 12.75)
Heavy drinking 4.70 (1.49 to 14.84)y 1.94 (0.32 to 11.67)
Problem drinking (any of above 3 types) 1.91 (0.85 to 4.22) 1.71 (0.53 to 5.54)

* Variables were included in multivariate analyses if they demonstrated a relationship with the drinking variable of interest, the adherence

variable of interest, or both.
y P < .05.

FIGURE 1. Proportion of persons with or without problem drinking

who indicated they sometimes miss a dose of medicine for

each specific reason. *P < .01.
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attitudes, or depression.22 Persons may believe that it is

dangerous to take medications while drinking, although we

are aware of no evidence that alcohol has significant

interactions with HIV therapies.23 The true nature of the

relationship remains unclear, and additional research is

needed to further identify the specific reasons that problem

drinking impacts upon medication adherence.

Clinicians have several options to assist patients with

medication adherence, such as limiting the number of pill

doses per day, using special packaging, providing remin-

ders or timers, and tailoring advice for specific indivi-

duals.24,25 It is not clear whether any of these strategies is

especially effective among problem drinkers. In primary

care settings, interventions that identify persons with

problem drinking and provide brief motivational counseling

have led to reduced alcohol consumption, lower levels of

health care utilization, and reduced health care costs over

time.17,26 It is possible that similar interventions targeting

alcohol consumption could positively impact on medication

adherence among persons with HIV infection, but this has

not been investigated to date.

Several study limitations warrant mention. The study

population was a convenience sample, and it is possible that

persons who were not approached differed from the sampled

population. However, over 90% of persons who were

approached completed the survey, and the sample popula-

tion was similar to the overall clinic population in terms of

gender, age, and ethnicity. We measured adherence by

participant self-report, which has both limitations and

strengths. With self-report, persons tend to overreport their

medication adherence,27,28 and it is possible that persons

who admit to problem drinking would be more willing to

admit to nonadherence. In order to mitigate the tendency to

overreport adherence, we used an anonymous survey with

nonjudgmental questions. While this precluded the ability

to link adherence data to objective biologic outcomes, self-

reported data have been shown to correlate with biologic

outcomes in other settings.6,20,28 Unfortunately, there is no

gold standard for measuring adherence, and no method of

adherence measurement is without problems.24,29 Even

electronic monitoring systems have limitations, as persons

may place their medications in alternative containers,30 use

the monitoring devices improperly,27 or change their

behavior if they know they are being monitored.30,31

In conclusion, the results of this study emphasize the

importance of screening for alcohol problems in outpatient

settings serving persons with HIV infection. It is important

to note that the majority of persons with problem drinking

in our study did not report difficulty with medication

adherence, because some physicians may withhold im-

portant medications from substance-using patients if they

believe that they are unable to adhere to the complex

medical regimens.32 Rather than using the patient's

substance use history to simply predict nonadherent

behavior, clinicians might work with individual patients

to devise individual strategies to deal with adherence.33

When alcohol problems are identified, clinicians should

address them directly, link alcohol use severity to potential

for adherence problems and clinical outcomes, and in-

crease expectations that alcohol intervention will result in

increased medication efficacy.34 Specific drinking situa-

tions that could result in nonadherence could be dis-

cussed. For example, our data suggest that persons with

problem drinking may be more likely to miss medications

when they are actively drinking or using drugs, and that

they may be more likely to forget to take their medications

or run out of pills early. Finally, clinicians should monitor

outcomes in both alcohol consumption and HIV medication

adherence in order to most effectively assist their patients

in achieving their optimal long-term health.
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