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Abstract

Purpose—Pneumonia is common and more severe in human immunodeficiency virus (HIV)-
infected patients. Alcohol consumption in pneumonia patients without HIV is associated with
excess mortality and morbidity. However, studies are lacking on the impact of alcohol on
pneumonia and HIV. Our goal was to determine if alcohol use was an independent risk factor for
pneumonia severity in HIV-infected patients.

Methods—Secondary analysis of prospective cohort study data evaluating early bronchoscopy
for pneumonia diagnosis in HIV patients between 2007 and 2011 was conducted. We defined
AUDs using an alcohol use disorder identification test (AUDIT) score as follows: =8 indicates
hazardous drinking and >14 indicates dependence. We quantified pneumonia severity using the
pneumonia severity index (PSI). Multivariable linear regression was used to investigate the
independent association between alcohol and pneumonia severity.

Results—A total of 196 HIV+ individuals comprised our cohort. Most cohort subjects were
middle-aged African American men. Most subjects (70 %) reported not taking antiretroviral
therapy. The overall prevalence of hazardous drinking was 24 % in our cohort (48/196) with 10 %
(19/196) meeting the criteria for alcohol dependence. Alcohol consumption was significantly
associated with pneumonia severity (r=0.25, p< 0.001). Hazardous drinking (p-coefficient 10.12,
95 % CI 2.95-17.29, p = 0.006) and alcohol dependence (p-coefficient 12.89, 95 % CI 2.59-
23.18, p=0.014) were independent risk factors for pneumonia severity. Reported homelessness
and men who have sex with men (MSM) status remained independent risk factors for more severe
pneumonia after adjustment for the effects of alcohol.
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Conclusions—In a cohort of HIV patients with pneumonia, presence of an AUD was an
independent risk factor for pneumonia severity. Homelessness and MSM status were associated
with greater pneumonia severity in AUD patients.
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Introduction

Approximately 1.2 million people in the United States are currently living with the human
immunodeficiency virus (HIV) [1, 2]. HIV prevalence continues to rise with over 50,000
new HIV infections reported annually [1, 2]. Despite the widespread introduction of highly
active antiretroviral therapy (HAART), people living with HIV (PLWH) remain susceptible
to opportunistic infections (OIs), particularly due to respiratory pathogens [3]. HIV infection
is associated with a 25-fold increase in lower respiratory tract infections with associated
mortality rates ranging from 10 to 30 % [4].

Alcohol use disorders (AUD) are also highly prevalent in the United States, with 14 % of US
adults meeting diagnostic criteria for alcohol abuse or dependence [5]. The frequency of
harmful alcohol use is higher in the HI\VV+ population [6, 7]. Hazardous alcohol use
negatively impacts HIV progression as evidenced by higher viral loads, lower CD4 counts,
and greater comorbidity in HIV patients with AUDs [7, 8]. Alcohol use in the absence of
HIV contributes to pneumonia incidence, severity, and mortality and prolongs hospital stays
increasing costs [9, 10]. However, no studies specifically evaluate the impact of AUD on the
severity or outcomes of pneumonia infections in PLWH. The goal of this study was to
determine the relationship between AUD and HIV-associated pneumonia severity.

Materials and Methods

Study Design

HIV patients admitted to the Interim Louisiana State University Public Hospital in New
Orleans between 2007 and 2011 with a presumptive diagnosis of pneumonia were
approached to participate in a prospective, observational study of pneumonia diagnosis.
Presumptive pneumonia diagnosis required (1) clinical suspicion of lower respiratory tract
infection by the primary healthcare provider; and (2) new or changing radiographic infiltrate
or unexplained hypoxia in the absence of an infiltrate (defined by partial pressure of oxygen
<70 mm Hg or oxygen saturation <90 % or a drop in oxygen saturation >4 % with exertion).
Clinical data were obtained by interview and medical record review. The Louisiana State
University Health Sciences Center Institutional Review Board (IRB #5585) approved the
study with informed consent obtained upon study enrollment.

Alcohol Use Assessment

The alcohol use disorder identification test (AUDIT) questionnaire [11], previously validated
in PLWH [12], was administered by interview at the time of enrollment. All subjects with
available alcohol use data were included in the current analysis. Based upon published
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thresholds, an AUDIT score =8 was defined as hazardous drinking [12] and a score =14 as
alcohol dependence [13]. AUDIT-C scores, which estimate consumption (quantity—
frequency), were also used to identify active hazardous drinking (score >4 for men; =3 for
women) [14, 15]. Binge drinking was defined by an AUDIT-3 (question 3 of the AUDIT)
score =2 [16].

Pneumonia Severity

The pneumonia severity index (PSI) has been extensively validated, including in HIV+
populations with risk groups predictive of pneumonia-related mortality [17-22]. All
variables contributing to the PSI were obtained at the time of presentation. There were no
missing data. The PSI was used as a continuous variable in models exploring the association
between alcohol use and pneumonia severity. Subjects were categorized according to
accepted PSI risk strata (category 1: PSI >51, category 2: PSI 51-70, category 3: PSI 71-90
and category 4: PSI >90) in order to determine the distribution of risk in our cohort.

Statistical Analysis

Results

Descriptive statistics included means for continuous variables, medians for non-parametric
data, and proportions for categorical variables. Bivariate analysis was performed using
Student’s ttests for means, Wilcoxon rank-sum testing for non-parametric data, and Chi-
square testing with Fischer’s exact tests for samples with <5 observations. Multivariable
linear regression was used to determine whether AUDIT score was an independent predictor
of PSI score. Two additional linear regression models were constructed using the presence of
hazardous drinking (AUDIT score 28) and alcohol dependence (AUDIT score =14) as
dichotomous variables. Models were adjusted for the following potential confounders
chosen a priori based on clinical importance: homelessness, reported income of $0.00,
current smoking status (yes/no), reported sexual preference as a man who has sex with men
(MSM), most recent CD4 count, and self-report of HAART adherence. Given the clinical
importance of the variables in potentially explaining the relationships between alcohol and
pneumonia severity, all potential confounders were retained in the final model regardless of
statistical significance. We did not adjust for age and sex, both significant variables in the
univariate analysis as they are variables included in the PSI score. Sensitivity analyses were
performed restricting the cohort to individuals meeting the criteria for dependence to
determine whether similar relationships were observed with a more severe alcohol
phenotype and to only variables with significant p values (<0.2) in the univariate analyses
(smoking status, homelessness, MSM status, CD4 count, HAART, and/or prophylaxis use,
race). All statistical analyses were performed using STATA software (STATACorp. Version
13.0, College Station, TX) and a p value <0.05 was considered statistically significant. R-
squared values were used to assess model fit for each of the models.

Cohort Characteristics

In total, 196 HIV+ subjects hospitalized with pneumonia between the years of 2007 and
2011 were included (Table 1). One subject was excluded from the analysis due to missing
alcohol use data. The cohort was predominantly male (71 %) and self-identified as African
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American or black (87 %). Most subjects were middle-aged (mean age 44 years (SD 9). The
majority of subjects reported a history of incarceration (71 %) and half reported having been
homeless (51 %). Half of the cohort reported no annual income (50 %) with a median annual
income of $8400 [Interquartile range (IQR) $7200-10,800] for subjects receiving an
income. Smoking was common, as has been reported for PLWH [23]. Patient adherence to
medications was low and only 30 % of subjects were receiving HAART. Twenty-eight
percent of subjects were taking Ol prophylactic medications. Subjects were severely
immunosuppressed [median CD4 count of 64 cells/mm3 (IQR 16—140 cells/mm3)] with
average viral loads of 31,300 copies [IQR 893-139,809 copies]. PSI scores were low with
70 % (n=138) of subjects meeting PSI risk category 1 or 2 criteria (Table 2). Subjects with
higher severity scores were significantly older, more often men and more likely to report a
history of MSM. Three subjects died during hospitalization with an average PSI score of 52
(SD 20). HIV disease severity markers including CD4 count and use of ART were not
significantly associated with PSI scores. Respiratory specimens identified bacterial
pathogens in 121 subjects (61 %) and fungal pathogens in 89 subjects (45 %) including
Pneumocystis Jiroveciin 53 (27 %) subjects.

Alcohol Use Disorder Profiles

One hundred and forty-nine (76 %) subjects reported any history of lifetime alcohol
consumption with 107 (55 %) reporting alcohol use prior to hospital admission. Forty-three
percent of those reporting alcohol use identified beer as their primary alcohol type with

25 % of subject reporting use of more than one alcohol type and 24 % primarily drinking
wine.

The varying approaches characterizing alcohol use yielded remarkably different results (Fig.
1). The overall prevalence of hazardous drinking (AUDIT score =8) was 24 % in our cohort
(48/196 subjects) with 10 % (19/196 subjects) meeting criteria for alcohol dependence
(AUDIT score =14). In contrast, AUDIT-C scores (quantifies recent consumption) indicated
that 45 % of men (63/139) and 33 % of women (19/57) screened positive for potentially
hazardous active drinking. Using question 3 of the AUDIT alone, 112 subjects (57 %) were
identified as binge drinkers. Subjects with an AUD (hazardous drinking or dependence)
identified on full AUDIT screening (Table 3) were more often men (85 vs. 67 %, p= 0.008)
and older (47 vs. 44 years, p=0.005). Current smoking was more common in subjects with
AUD:s (54 vs. 45 %, p=0.02). Alcohol-dependent subjects (Supplementary Table 1) were
mostly men (95 vs. 67 in non-AUD subjects, p=0.02). Admission oxygen saturations
(SpO2) were significantly lower for subjects with hazardous drinking (SpO2 94 vs. 96 %, p
= 0.02) compared with nhon-AUD subjects. Mean admission serum sodium levels were lower
for subjects with hazardous drinking (133 vs. 135 mEg/L non-AUD subjects, p = 0.001).
Otherwise, there were no significant differences in admission physiologic values or markers
of HIV disease management between subjects with and without AUDs.

Alcohol Use Disorder and Pneumonia Severity

There was a significant relationship (r=0.25, p< 0.001) between AUDIT and PSI scores in
univariate analysis (Fig. 2). In multivariable analyses (Supplementary Table 1), presence of
an AUD was independently associated with mean PSI scores with an average increase in
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mean PSI score of 10 points for subjects with hazardous drinking compared with non-
hazardous drinking (B-coefficient 10.12, 95 % Cl 2.95-17.29, p = 0.006, adjusted model ~2
= 0.14). Similar results were observed restricting the cohort to patients with alcohol
dependence with an average increase in PSI of 13 points for subjects with alcohol
dependence compared with no dependence (adjusted model /2 = 0.14). PSI scores were
significantly higher for subjects with homelessness and the presence of hazardous or
dependent drinking. Reported homelessness and history of MSM status remained as
independent risk factors for more severe pneumonia after adjustment for the effects of
alcohol. However, there was no significant difference found between median PSI scores
stratified by positive AUDIT-C scores (men: p= 0.14, women: p= 0.84), nor by binge
drinking (o= 0.27). Restriction of the models to variables significant in univariate analyses
changed the estimates minimally.

Discussion

In a cohort of PLWH, we found that one-quarter of subjects presenting to the hospital with
pneumonia meet criteria for hazardous drinking, with up to 45 % of subjects meeting criteria
for potentially harmful alcohol consumption, and 57 % meeting criteria for binge drinking.
Presence of an AUD was significantly associated with other risky behaviors including
tobacco abuse. Meeting criteria for an AUD at hospital admission was an independent risk
factor for pneumonia severity with further increase in risk for subjects with concomitant
AUD and homelessness. We failed to find significant associations between HIV disease
markers and the presence of an AUD or greater pneumonia severity.

Prior studies report a high prevalence of AUDs in PLWH [12, 24, 25]. Reported at risk
drinking ranges from 8 to 50 % of PLWH [12, 24-26], with our cohort falling around the
midpoint. In addition to identifying a large proportion of patients with diagnostic criteria for
an AUD using the full AUDIT, we identified an even larger proportion of individuals with
potentially hazardous ongoing drinking beyond those with defined AUDs, as evidenced by
excessive consumption on the AUDIT-C or AUDIT-3 binge drinking. These data highlight
the fact that PLWH presenting with pneumonia represent a high-risk group for identification
of alcohol misuse, and alcohol use screening may be beneficial in this patient demographic.
We found a significant association between the presence of an AUD and ongoing smoking
supporting prior studies suggesting that high-risk behaviors track together in PLWH [23,
27]. Studies are needed to understand how uniform screening strategies may identify AUDs
or high-risk behaviors early in PLWH presenting to the hospital, and if early identification
may lead to earlier treatment or more sustained remission from alcohol misuse.

Our study is the first, to our knowledge, to report an association between alcohol use and
pneumonia severity in PLWH. Studies of HIV-undetermined cohorts identified greater
pneumonia severity in patients with AUD [9]. Presence of an AUD increased pneumonia-
related morbidity with excess mortality, hospitalizations, and healthcare utilizations
attributed to prehospital alcohol use [28]. A single study of HIV-infected individuals
admitted to the intensive care unit, however, found no association between ICU illness
severity and history of alcohol abuse although the cohort was not restricted to pneumonia
[29]. While our study suggests alcohol is a risk factor for more severe pneumonia, most
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subjects in our study represented lower pneumonia risk categories and there was little
pneumonia-associated morbidity. Therefore, our sample was inadequately powered to
investigate the impact of alcohol on pneumonia-related mortality and morbidity in PLWH.
We failed to identify associations between HIV control and pneumonia severity or presence
of AUD, but these effects were likely masked by the lack of adequate HIV care in our
cohort. Further studies in a higher pneumonia risk severity cohort are needed to understand
if alcohol is an independent risk factor for worse patient outcomes in PLWH.

Alcohol is a known contributor to immune dysregulation. Alcohol alters NF-xB and TNF-a
signaling contributing to immunosuppression and host susceptibility early in the course of
sepsis [10, 30-33]. Studies in murine models of chronic alcohol abuse demonstrate
neutrophil impairments including decreased response to chemotactic signaling and reduced
bactericidal activity with abnormal phagocytosis, superoxide generation, and degranulation
[34, 35]. Bronchoalveolar lavage fluid sampling of chronic alcohol abusers in the absence of
HIV demonstrates significantly different inflammatory profiles compared with non-alcoholic
controls [36, 37]. Alcohol-related immunosuppression may have contributed to the increased
pneumonia severity observed in our cohort; however, no data on the host inflammatory
response were available to test this assumption.

Interestingly, although pneumonia severity scores were low on average in our cohort, falling
into risk category 1 or 2, all patients were hospitalized for their pneumonia. Validation
studies of the PSI in PLWH suggest it may be clinically appropriate to treat patients risk
categories 1 and 2 with outpatient therapy [17]. However, our results show that, despite low
clinical risk scores, healthcare providers opt for hospitalization of PLWH and presumed
pneumonia. Studies of non-HIV positive patients suggest that sociodemographic factors play
an important role in admission decisions for pneumonia patients with low-risk patients
accounting or 35 % of excess pneumonia costs. Presence of an alcohol use disorder and/or
homelessness was an important predictor of admission in this cohort [38]. Similarly, subjects
in our cohort were frequently economically disadvantaged and experienced significant
psychosocial stressors including high rates of incarceration and homelessness. This social
instability likely contributed to the high hospitalization frequency in otherwise low-risk
individuals observed in our study. Alternatively, concern over Ols may have driven
hospitalization as the cohort was severely immunosuppressed. Studies are needed to better
understand healthcare utilization patterns and provider biases toward inpatient care for
PLWH presenting with respiratory illness.

Reinforcing the importance of psychosocial and behavioral factors in the health
consequences of harmful alcohol use, we found disparate results depending on our alcohol
use methodology. Neither the AUDIT-C nor AUDIT-3, which are reflective of recent
consumption and binge drinking, were associated with pneumonia severity scores despite the
observed association with pneumonia severity using the full AUDIT which accounts for the
psychosocial consequences of harmful alcohol use. This suggests that the sequela of
excessive alcohol consumption may be as, if not more, important than the direct
toxicological effect of ethanol.
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There are a number of important limitations to our study. First, as mentioned previously,
individuals presented with less severe disease that may have limited our inferences and
underestimated the magnitude of the association between alcohol use and pneumonia
severity. Second, the majority of subjects in our cohort had poorly controlled HIV and were
not on HIV therapy at the time of hospitalization. The lack of variance in HIV control in our
cohort likely limited our ability to explore the associations between AUDs and HIV disease
progression or HIV control on subsequent pneumonia severity. Third, while our results
encompass a large cohort of PLWH collected over a 5-year time period, our results reflect a
single center and may not generalize to the larger population of PLWH. Finally, given the
observational nature of our study, there may be unmeasured confounders contributing to the
observed relationship between alcohol use and pneumonia severity not accounted for in our
study. In particular, although we attempted to obtain data regarding baseline lung disease by
patient report, it is possible that patients were unaware or undiagnosed with existing lung
disease such as chronic obstructive lung disease that may have contributed to their
pneumonia risk. Future studies should attempt to obtain objective measures of lung function
in addition to patient report.

Conclusions

AUDs were common in PLWH hospitalized for pneumonia with 24 % of subjects meeting
criteria for an AUD, up to 45 % meeting criteria for potentially excessive active
consumption, and 57 % meeting criteria for binge drinking. Presence of an AUD was an
independent risk factor for more severe pneumonia with greater risk evident in subjects with
concomitant AUD and homelessness. Further studies are needed to understand whether early
identification of AUDs in PLWH presenting to the hospital results in greater AUD treatment
and to determine whether AUDs are associated with pneumonia-related morbidity or
mortality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Prevalence of alcohol abuse behaviors

Hazardous drinking Alcohol dependence Binge drinking

Fig. 1.
Prevalence of alcohol abuse behaviors in a HIV positive cohort. Alcohol abuse behaviors

were frequently reported with 24 % meeting criteria for hazardous drinking, 10 % alcohol
dependence, and 57 % reporting binge drinking
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Correlation between alcohol consumption and pneumonia severity
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Fig. 2.

PSI scores as a function of AUDIT scores. Alcohol consumption was significantly correlated
with pneumonia severity (r=0.25, p< 0.001)
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Factors associated with presence of an alcohol use disorder (AUD) at hospital admission in HIV positive

patients presenting with pneumonia

Overall cohort (n=196) AUD (n =48, 24 %) No AUD (n =148, 76 %) pvalue*

Male sex, % 71 85 67 0.008
Age (years), mean (SD 7 44 (9) 47(7) 44 (9) 0.005
Raceb, %

Black 87 83 89

White 12 11 11 0.98

No answer 2 6 0
History of incarceration, % 71 73 70 0.73
History of homelessness, % 51 52 50 0.80
Man who has sex with men, % 26 26 25 0.94
No annual income, % 50 44 53 0.28
Median annual income [IQR?] $8400 [$7200-10,800] $9300 [$7500-12,000]  $8400 [$7200-9600] 0.14
Current smoker, % 48 54 45 0.02
Highly active antiretroviral use, % 30 29 30 0.87
Any prehospital infectious prophylaxis use, % 28 36 25 0.14
Median CD4 count [IQR] 61 [16-140] 67 [17-127] 63 [16-149] 0.84

Bold values indicate statistically significant differences

*
Comparison of alcohol use disorder (AUD) to no alcohol use disorder (AUD)

*Kk
SD standard deviation

aIQR interquartile range

bReported values may not add to 100 due to rounding
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Multivariate analysis of hazardous drinking or alcohol dependence and pneumonia severity index score

Table 3

B-coefficient 95 % Confidenceinterval pvalue
Hazardous drinking 10.12 2.95-17.29 0.006
Homelessness 12.06 5.52-18.61 <0.001
MSM *status 10.28 3.46-17.10 0.003
Smoking -5.62 -12.23-1.00 0.096
No annual income -0.63 -6.59-5.32 0.834
Recent CD4 count -0.001 -0.03-0.03 0.971
HAART? 352 -3.31-10.35 0.311
Alcohol dependence 12.89 2.59-23.18 0.014
Homelessness 11.06 4.54-17.59 0.001
MSM 10.27 3.45-17.10 0.003
Smoking -4.49 -10.93-1.94 0.170
No annual income -1.45 —7.46-4.55 0.633
Recent CD4 count 0.001 -0.03-0.03 0.967
HAART 2.37 -4.67-9.41 0.508

Bold values indicate statistically significant independent predictors of PSI score > 8

*
MSM man who has sex with men

aHAARThigth active antiretroviral therapy
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