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Abstract
We analyzed the role of cholesterol as a potential mediator of alcohol-increased risk of respiratory infections that 

required hospitalization in People Living with HIV (PLWH). Using a longitudinal clinic-based design, 346 PLWH were 
consecutively admitted and followed at Jackson Memorial Medical Center(enrolled in the study). Following national 
guidelines, PLWH were stratified according to cholesterol levels: <150 mg/dl (Hypocholesterolemia= HypoCHL), 
151-200, and >200 mg/dl Hypercholesterolemia =HyperCHL), and compared on the basis of clinical outcomes,
lymphocyte phenotypes and behavioral risks. Analyses indicated that compared to HyperCHL participants, HypoCHL 
subjects were more likely to be hospitalized, particularly for lower respiratory tract infections (LRTI). Excessive
admissions were associated with more deviant lymphocyte profiles, particularly limited NK cells. In logistic regression
analyses, smoking (OR=1.5), HypoCHL (OR=7.7), and alcohol (OR=1.2) were predictors of LRTI. These findings
warrant further investigation of the potential use of HypoCHL as a risk marker, and the cost-effectiveness of switching
prevention gears towards HypoCHL, alcohol and tobacco in PLWH.

Keywords: Alcohol; Cholesterol; HIV; Hospitalizations; Pneumonia;
Respiratory diseases; Tobacco; Tuberculosis 

Introduction
The lungs are among the most challenged organs by microbial 

pathogens, requiring the immune response to be both rapid and 
efficient [1]. As a result, lower tract respiratory infections (LRTI) are 
among the most common causes of morbidity, particularly among 
immune-compromised populations, and alcohol-abusing subjects. 
Despite highly active antiretroviral therapy (HAART), our team has 
demonstrated that LRTI continues to be a major cause of morbidity 
and mortality in people living with HIV [PLWH] [2-5]. 

Among the general population, epidemiological evidence suggests 
an association between alcohol use disorders (AUD) and LRTI. LRTI 
are caused by a broad spectrum of pathogens including virus, bacteria 
and mycobacteria. More than two centuries ago, Benjamin Rush, the 
first Surgeon General of the United States, recognized pneumonia 
and tuberculosis as frequent complications among subjects with AUD 
[6]. Since then, there have been numerous publications describing 
the associations between AUD and TB [7-9]. AUD deleterious effects 
have also been documented over other respiratory tract pathogens 
[10-12]. The association of AUD and LRTI were initially attributed to 
sociodemographic factors, nutritional deficiencies, hygienic factors, 
and lifestyle patterns [13,14]. However, subsequent studies documented 
that AUD exerts inhibitory effects on the adaptive immune response, 
particularly within the T-cell compartment [15]. Given the high co-
occurrence of alcohol use disorders (AUDs) and HIV infections, our 
previous work focused on common immune mechanisms of HIV+ 
alcohol action [16,17]. In this regard, we have documented that AUD 
and HIV synergistically decreased thymic size and function, thereby 
resulting in abnormal T lymphocyte counts and function. Such 
alterations limit the capacity of the alcohol-consuming host to produce 
the needed cytokines, such as IFN-γ, IL-8, IL-17, while enhancing 
the levels of circulating TNF, IL-1, and IL-6 [18]. One of the central 
alterations related to chronic ethanol ingestion is also an impaired 

ability to develop specific antibodies, which markedly decreases the 
granulomatous response [19].

In addition to affecting the immune system, alcohol may also 
render the host more susceptible to TB by altering lipid homeostasis, 
including cholesterol depletion [20,21]. Recent studies have 
demonstrated that cholesteryl esters exhibit antimicrobial properties 
[22]. In addition, cholesterol reduction leads to other bizarre effects, 
such as compromised pulmonary surfactant functions [23,24]. 
Noteworthy, cholesterol is also a key constituent of lipid rafts, and thus 
essential for the correct function of immune receptors located in these 
regions [25]. In fact, cholesterol removal renders immune cells non-
functional. Despite these findings, the potential role of cholesterol as 
mediator of the relationship between alcohol and LRTI among PLWH 
is still unknown. 

Studying the relationship between hypocholesterolemia 
(HypoCHL) and acute LRTI in people with dual comorbidity could be 
relevant for several reasons. First, the modulatory effects of alcohol over 
lipids have been consistently replicated in worldwide literature and 
research studies. Second, HypoCHL is an early and highly prevalent 
phenomenon in the course of HIV disease (≅30%) [16]. Therefore, in 
most cases HypoCHL should be recognized as a precondition before 
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respiratory infections even emerged. Noteworthy, despite the initial 
expectations that with ART HypoCHL may disappear, this condition 
is still prevalent [16]. Third, in contrast to findings in the general 
population, attributing HypoCHL to malnutrition, or increased 
frailty [26-29], HIV researchers have repeatedly demonstrated, that 
HypoCHL is not simply a consequence of malnutrition or HIV disease 
progression. Fourth, hypercholesterolemia has been consistently 
reported as an independent predictor of morbidity and mortality. 
[23,26] (For example, a meta-analysis of 19 cohort studies including 
68,406 deaths, found an inverse correlation between total cholesterol 
and mortality from respiratory and gastrointestinal diseases, most 
of which were of an infectious origin) [30]. Fifth, it will expand 
therapeutic approaches of the immune system that could assist in 
caring for immunosuppressed hosts. Finally, no peer-reviewed studies 
have examined if alcohol, by altering cholesterol status, can appreciably 
influence immunity in PLWH and increase the risk of LRTI. Figure 1 
outlines the proposed model that guided both our hypothesis and the 
statistical analyses, respectively. 

Therefore, this study assessed cholesterol, immune status and 
causes of hospitalizations in individuals with single versus dual 
comorbidity, to increase the understanding of the precise mechanisms 
through which alcohol enhances the risk of being hospitalized with 
lower respiratory infections.

Methods
In this study, eligible participants were 1) at least 18 years old; 2) of 

confirmed HIV+ status; 3) consecutively admitted to the Miami/ Jackson 
Memorial Medical Center (2001–2003), a public health system with 
2,482 licensed hospital and nursing home beds, and 4) were followed for 
at least a year in the clinics associated with Jackson Memorial Medical 
Center. There were multiple reasons for this inclusion criterion. First, 
we established this criterion in order to attain a well-defined clinical 

cohort to assess the effects of hypocholesterolemia in men and women 
across a wide age range. Second, the restriction to those enrolled 
in this open-access public health system with standard treatment 
protocols, was to minimize social, medical and treatment inequalities 
that can oftentimes confound clinical outcomes. Participants were 
fully informed about the study, and those individuals who expressed a 
willingness to participate and to provide written informed consent as 
well as a medical release were consecutively enrolled. 

Research procedures included completing structured and validated 
research questionnaires (e.g., sociodemographics, past and present 
medical history, alcohol, drugs and tobacco use), a brief medical 
examination (e.g., standardized procedures to measure body weight, 
height, and vital signs), and blood draws. Once research procedures 
were completed, three experienced HIV clinician/researchers 
abstracted participant’s medical chart, and recorded the information 
on a standardized data collection form. Data coding included date of 
admission, length of stay, admission and discharged diagnosis. Routine 
clinical tests (i.e. pathology, laboratory, radiological procedures) 
performed during the hospitalization were included in the database. 

Exposure: lipoprotein assessment before and during the 
admission

Fasting blood samples were collected at the time of hospitalization 
and processed within a period of 24 hours. No PLWH was acutely ill 
at the time of the blood draw. Total cholesterol (TC), high density 
lipoprotein (HDL), low density lipoprotein (LDL) and triglyceride 
(TG) levels were measured by routine enzymatic methods (KonePro, 
Konelab). Hypocholesterolemia (levels <150 mg/dL) was defined 
according to the U.S. National Cholesterol Education Program 
guidelines [31]. In addition, we reviewed medical records up to 12 
months prior to the admission, and retrieved complete laboratory 
results to confirm if laboratory abnormalities were secondary to the 
disease process (acutely ill) or a pre-condition, thereby causing the 
hospitalization.

Main study outcomes

The primary endpoints of this study were causes of hospitalization, 
particularly respiratory infections and immune status. In order to 
attain a comparison with previous cholesterol studies, length of 
hospitalization was included as a secondary end-point.

Definition of cases

A diagnosis of a lower respiratory tract infection required at least 
three of the following criteria: (1) medical diagnosis, (2) X-ray findings, 
(3) positive culture, (4) isolation and/or visualization of the organism
in sputum or bronchial wash, and, (5) response to treatment. A specific
diagnosis for community-acquired pneumonia (CAP) was based on
the Infectious Disease Society of America’s criteria incorporating: (1)
history and physical examination, (2) chest radiography, (3) sputum
Gram stain and culture and, when necessary, bronchoscopy/biopsy.
Pneumocystis Carinii Pneumonia (PCP) was diagnosed if at least three
of the following clinical criteria were present: (1) dyspnea, (2) severe
hypoxia (cyanosis or oxygen saturation <86%, as measured by pulse
oximetry) and a lactate dehydrogenase level of >1000 U/l, (3) thorax
X-ray compatible with PCP, (4) PCP identification or biopsy in which
the pathologist suggested PCP, or, (5) response to therapy.

Following the American Thoracic Society and the Centers for 
Disease Control guidelines [32] the diagnosis of tuberculosis (TB) was 
established when two of the three following criteria were fulfilled: (1) 

Figure 1: Proposed Model.
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acid fast bacilli (AFB) culture; (2) positive smear, and (3) presence of 
clinical signs/symptoms accompanied by abnormal chest X-ray or CT 
scan, and treatment response.

Participants were included in the non-respiratory infection 
category (Control Group), if the admission diagnosis did not indicate 
any pulmonary disease or development of respiratory illness during the 
hospitalization period (i.e. renal, CNS or genitourinary problems).

Alcohol

At each visit, PLWH reported alcohol intakes in the past six months 
using two standardized and validated brief screening questionnaires: 
The Alcohol Use Disorders Identification Test (AUDIT) and the 
Alcohol Dependence Scale (ADS). Alcohol consumption scores were 
computed by averaging cross products of quantity and frequency of 
beer/wine and hard liquor.

Hazardous drinking was defined in women who consume ≥7 
drinks/week (98 grams of ethanol/week) or in men who consume ≥14 
drinks/week (196 grams of ethanol/week).

Phenotypic characterization of peripheral lymphocytes and 
viral status at diagnosis 

Isolated peripheral blood mononuclear cells were prepared for 
four-color direct immunofluorescence procedures (Becton Dickinson, 
San Jose, CA, USA). Flow cytometry was used to quantify the percentage 
and absolute numbers of T lymphocyte subpopulations CD3+/CD4+, 
CD3+/CD8+, B lymphocytes (CD3+/CD19+) and NK cells (CD3+/
CD56+). 

A reverse transcriptase polymerase chain reaction was used 
to quantify HIV-1 viral load (Amplicor HIV-1 Monitor, Roche 
Diagnostics, Indianapolis, IN, USA) in plasma from ethylenediamine 
tetraacetic acid (EDTA) collected blood samples, that were separated 
and processed within six hours of the collection period. The current 
version of this assay has a reportable range of >200–750 000 RNA 
copies/mm of plasma. In addition, we reviewed prior immune data 
available in each participant’s medical record, to establish their 
nadir CD4 cell counts and to more accurately categorize participants 
according to the CDC’s stage of the disease classification [33].

Control variables

Each participant underwent an in-depth assessment, including a 
detailed interview, using standardized research questionnaires covering 
sociodemographic information, drug, alcohol and tobacco use habits, 
HIV infection-related data (i.e. stage of HIV infection), complete past 
and present medical, and medications history. Past medical history, 
and CDC’s AIDS defining criteria were carefully documented [33]. A 
detailed medication history, including antiretrovirals and prophylaxis 
was obtained. Medication use history included previous exposure to 
antiretrovirals and lipid lowering medications. These questionnaires 
have been used in our previous studies [16,17]. Adherence was 
calculated using the standardized ACTG antiretroviral adherence 
questionnaire. In addition, pharmacy records were abstracted, and 
patient information was validated. Using standardized research 
questionnaires, information regarding tobacco and alcohol use 
(AUDIT) was obtained. 

Nutritional evaluations included anthropometrics and albumin 
levels. Body weight and height were measured, and used to calculate 
body mass index (BMI= weight in kilograms divided by height in 
meters squared). 

Statistical analyses

The data sets were analyzed using SPSS 18.0 (Statistical Package 
for the Social Sciences, Chicago, Illinois, USA) and p values <0.05 were 
considered to be statistically significant. A gender and racially diverse 
population of 536 HIV-infected participants was enrolled with an 
overall participation rate of 97%. 

Descriptive statistical analyses and mean variables were compared 
using Student’s t-tests. One-way analysis of variance (ANOVA) was 
employed to determine whether certain covariates (e.g., age, race/
ethnicity, education level, stress, depression) should have been 
included in our univariate and multivariate analyses. Correlations 
among the main variables of interest were examined with Pearson’s 
coefficients. Chi-square, Student’s t-test, and ANOVA, were used to 
evaluate differences in lipid levels between cases and controls.

Univariate analyses were used to calculate odds ratios (OR) and 
95% confidence intervals (CI). To study the relationship of cholesterol 
with respiratory infections, a regression model was developed. In our 
model, outcomes and observed covariates that were significant (all 
p’s<0.05) in univariate analysis were then utilized as covariates in a 
multivariate model along with potential confounding variables, such as 
gender, age, serum albumin level, smoking (yes/no), HAART (yes/no), 
CD4 (above or below 200 CD4 cell counts), and antibiotic prophylaxis.

Results
Characteristics of the study population	

Of the 536 participants in the study, 150 of them were excluded 
because blood lipid values were missing. PLWH receiving cholesterol-
lowering medication, corticoids or any cancer treatment were also 
excluded (n=40), as medication use might have impacted the study 
outcomes. After these exclusions, 346 PLWH remained for the 
statistical analyses. The enrollees were ethnically and educationally 
diverse, and their overall income levels were below the national average. 
Also distinctive of the study population was an increase in prevalence 
of alcohol and tobacco use. Almost half of the study population was 
considered hazardous alcohol users (48%), with a median intake of 28±4 
alcoholic drinks weekly (392±56 grams/week) for hazardous drinkers. 
The alcohol beverage preference was very similarly distributed; liquor 
was the most commonly consumed alcoholic beverage (45%); and most 
liquor users (60%) only drank liquor. One third of the participants 
consumed beer and 21% preferred wine. Noteworthy, HAU were twice 
more likely to use liquor or beer (OR=2.6 95% CI 1.4-4.5, p=0.0001) as 
the main alcohol beverage as compared to non-drinkers. On the other 
hand, non-HAU were more likely to report wine usage (OR=1.7 95% CI 
1-3.0, p=0.04). Alcohol groups were very similar in sociodemographic,
behavioral and clinical characteristics.

Lipid profiles

At baseline, mean (SD) values of TC (191 mg/dL±9), and as 
expected a significant proportion of the participants exhibited 
hypocholesterolemia (40%) with a smaller proportion exhibiting 
hypercholesterolemia (9%, see Table 1). Table 2 summarizes and 
displays the demographic and clinical characteristics of the sample 
by cholesterol groups. Groups were comparable in sociodemographic 
variables; however, patients with HypoCHL were more likely to be 
males (OR=2.1, 95% CI: 1.4-3.3, p=0.001). As expected, cholesterol 
levels were unrelated to triglyceride levels and/or to malnutrition (see 
Table 2). Noteworthy, participants with HypoCHL were more likely 
to be hazardous alcohol drinkers (OR=3.5 95% CI 1-17, p=0.009). A 
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similar tendency was observed for HypoCHL to be smokers (OR=2.2, 
95% CI 1-7, p=0.09).

Causes of hospitalization
Respiratory diseases accounted for approximately half (49%) 

of the yearly admissions. CAP was the main cause of respiratory 
illnesses (52%, n=251) and hospital admissions. Pneumocystis jiroveci 
continued to be an important cause of respiratory infection (24%, 
n=65). In 9% of the study participants, mycobacterium tuberculosis 
was cultured. In 3% of the study group, the discharged diagnosis was 
bronchitis/croup or asthma. The remaining half was hospitalized for 
gastrointestinal diseases (16%), central nervous system disorders 
(11%) and renal insufficiency (8%). The other 16% was distributed 
among cardiovascular diseases, genitourinary conditions, and a small 
percentage of traumas. 

Lipid status
The mean cholesterol level of the sample was 170±58 mg/dl (75-397 

mg/dl), with approximately half (51%) of the participants exhibiting 
normal values. Only 9% of the group exceeded 250 mg/dl of total 
cholesterol, and 40% exhibited HypoCHL. As illustrated in Table 2, 
additional analyses indicated that prevalence of hospitalizations and 
LRTI were notably different by cholesterol groups, with HypoCHL 
showing higher risks. 

To further probe if HypoCHL was only a consequence of an acute 
illness, or a pre-condition, surveillance (by medical chart abstraction) 
was extended to 180 days pre-hospitalization. Of the 346 PLWH, 211 
had a pre-admission cholesterol value. As depicted in Table 1, in a 
sizeable subgroup, low cholesterol levels were a precondition, which 
was exacerbated by the acute illness. Of relevance, the illness-related 
average change of total cholesterol was 10.3±3 mg/dl in the HypoCHL 
group and -8.4±7 mg/dl in the normal control group. 

Cholesterol and respiratory infections

As illustrated in Figure 2, subjects with HypoCHL were three times 
more likely to be hospitalized with CAP than those with normal TC (CI: 
1.1-9.9, p=0.05). Additional analyses indicated that participants with 
LDL-C below 100 mg/dl were three times more likely to be hospitalized 
with CAP than control participants (OR=3, 95% CI: 1.3-7.9, p=0.01). 

In addition, a greater risk of being admitted with TB was observed 
in those having HypoCHL (OR=4.9: 95% CI: 1.5-18.9, p=0.0008). 
Moreover, PLWH with LDL-C below 100 mg/dl were six times more 
likely to be hospitalized for TB than the controls (OR=5.6 95% CI: 
1.5-22, p=0.001). However, hospitalization for PCP was unrelated to 
cholesterol levels. The clinical relevance of these findings was further 
explored. Although JMH possesses standardized treatment protocols, 
PLWH with hypocholesterolemia spent more days in the hospital than 
their corresponding controls (4.4±4 vs. 9±2.3, p=0.05). These findings 
are in accordance with a previous report, indicating that cholesterol-
rich diet accelerates the bacteriological sterilization of sputum [34].

Immune response by respiratory disease and cholesterol 
status 

NK cell numbers were significantly correlated with cholesterol 
levels (r2 =0.4, p=0.009). Noteworthy, hospitalization for CAP (r2 =-0.2, 
p=0.05) and tuberculosis (r2 =-0.3, p=0.002) were inversely associated 
with cholesterol levels. 

Relative to non-HypoChl, HypoCHL participants tended to have 
fewer CD4 counts (93±88 vs. 278±191 cells/mL, p=0.06). Nonetheless, 
10% of PLWH with more than 500 CD4 cell counts exhibited 
HypoCHL. Additional analyses were performed to further explore 
if low cholesterol values were a reflection of a more advanced stage 
of the disease. First, we analyzed the number of years participants 
lived with HIV, but no significant differences were found (7.5±1.6 
vs. 6.2±1.5 years). Then, the relationship between cholesterol and 
immune parameters was separately analyzed in those with CD4 cell 
counts above and below 200. Among those below 200 (i.e., with AIDS), 
univariate analyses indicated that the HypoCHL group was twice as 

Variables
Cholesterol <150 mg/dL 

N=138

Cholesterol >150 mg/dL

N=208
P values

Age in years 41±10 47±9 0.8
Men

Women

90%

10%

56%

44%
0.09

Black

Hispanic

White

59%

18%

33%

56%

19%

25%

0.7

Annual Income

Less than $10,000

$11,000-$20,000

More than $20,000

89%

9%

2%

88%

10%

2%

0.6

Cigarette Smoker 0.09 54% 0.09
Hazardous Alcohol 
Use 75% 45% 0.009

Drug Use 42% 39% 0.2
Albumin mg/dl 3.5±0.6 3.8±0.7 0.09
Body Mass Index 
kg/m2 26.2±6.2 27.4±6.7 0.1

HAART 59% 63% 0.3
Prophylaxis 19% 22%

Values are means ± SD or percentages.

Table 1: Baseline Sociodemographics for PLWH with and without Hypocholester-
olemia.

Variables At Admission  
n =211

Respiratory 
Infections  

n =67

Other causes of 
Hospitalization 

n =144

Pre-admission

n =211

Hypocholesterolemia 40% 58% 33% 35%
Hypercholesterolemia 9% 4% 11% 8%
Normal Cholesterol 51% 38% 56% 67%
Hypocholesterolemia 40% 58% 33% 35%
Hypercholesterolemia 9% 4% 11% 8%
Normal Cholesterol 51% 38% 56% 67%

Table 2: Cholesterol Status.

0

1

2

3

4

5

Tuberculosis Pneumonia 

HypoCHL Controls
Odds Ratio 

Figure 2: Respiratory Infections by Cholesterol Groups.
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likely to have CD4 cell counts below 50 cells than the control group 
(95% CI: 1.0-4.3, p=0.05), and three times as likely to have less than 200 
CD4 cell counts (95% CI: 1.1-3.1, p=0.01). 

Analysis of immunological data also revealed that the percentage 
of NK cells was also significantly lower in Hypo CHL patients than 
controls (12.2±6 vs. 18±11, p=0.03). A similar finding was evident 
among those with > 200 CD4 counts; for example, the mean CD4 of 
HypoCHL participants was 245±37 cell counts, which contrasted 
with 627±381 cell counts in those with normal cholesterol levels. NK 
cell percentages remained significantly different between the groups 
(17±10 vs. 15±5, p=0.05). However, percentages of CD8 and B cells 
were similar between the groups.

Other potential confounders

As depicted in Table 1, there were no significant differences 
between the groups in antiretroviral and prophylaxis treatment before 
hospitalization. As illustrated in Table 3, other potential confounders, 
such as age, malnutrition and cigarette smoking, which may explain 
the observed differences, were evaluated. Interest in these associations 
was related to previous reports, which described an increased risk of 
respiratory infections associated with these same confounding factors.

Multivariate analyses

Based on clinical and statistical considerations, we selected an 
8-variable model of tuberculosis, community acquired pneumonia
in PLWH, including male sex, age, CD4 <200 cells, smoking,
hypocholesterolemia, alcohol use and malnutrition. As shown in Table
4, HypoCHL carriers had a substantial risk of being hospitalized for
lower tract respiratory infections. Multivariate regression analysis
specific for tuberculosis showed that there was an inverse relation
between NK numbers and risks of hospitalization. Noteworthy,
for a CAP, in addition to low cholesterol, tobacco and alcohol use,
individuals with altered CD8 cells showed elevated odds ratios.

Discussion
To our knowledge, the present study is the first evaluation of the 

clinical and immunological effects of hypocholesterolemia as a mediator 
of alcohol-induced clinical risks in PLWH. Of special significance, the 
data indicates that compared to PLWH with normal cholesterol levels, 
those with HypoCHL are at greatest risk of hospitalizations, particularly 
due to lower respiratory tract infections. These results have clinical 
practice implications, given that respiratory infections constitute a 
medical challenge during the HAART era. In addition, the HypoCHL 
group has an extended number of days in the hospital. These findings 
are highly significant given that hospital bed days are an important 
component of excess health care costs among this population. This 
information should be particularly valuable for the scientific and the 
public health communities in developing preventive strategies, and 
updated clinical guidelines. 

Our data further illustrated an increased risk of hospitalizations 
associated with tuberculosis and community acquired pneumonia in 
PLWH with hypocholesterolemia. However, the risk of developing 
PCP does not increase, suggesting that cholesterol risks are most 
likely pathogen-specific. Nevertheless, some studies have not found 
a relationship between low cholesterol with pneumonia, influenza, 
respiratory diseases or with hospitalizations [35,36]. However, most 
studies lacking significance were solely among young individuals, 
while others were frequently performed exclusively in older individuals 
(in our specific case, it was all inclusive) [35,36]. Thus, discrepancies 
could be attributed to differences in the study population. In addition, 
inconsistencies could also be attributed to using different cut off points 
to define HypoCHL, suggesting that risks are dose-related.

Although the observational nature of our data precludes causal 
inferences, several facts suggested that this could be the case. First, there 
is a temporal relationship where medical chart review demonstrated 
that hypocholesterolemia predated the onset of respiratory infections 
and indicated that HypoCHL was a chronic condition. This is a 
highly relevant finding because transient HypoCHL is not necessarily 
relevant, and may be the consequence of a severe acute phase response, 
liver dysfunction, hemodilution, and even malnutrition [26,27]. 
Furthermore, in accordance with prior studies, our analyses revealed 
that HypoCHL was unrelated to malnutrition, as indicated by either 
normal albumin levels or body mass index. Neither was associated to 
more advanced stages of HIV disease. 

Second, there is a biological plausibility that immune alterations 
are mediating our findings. Emerging evidence has indicated that 
immune cells and the mycobacterium tuberculosis are competing for 
cholesterol in order to function and survive [34,37]. In fact, the ability 
of M. tuberculosis to maintain a chronic infection seems to be linked 
to its ability to acquire cholesterol from the host. Additional advances 
in understanding the pathogenicity of M. tuberculosis come from 
experimental studies demonstrating that cholesterol is necessary for 
macrophages to uptake and engulf mycobacteria [38]. Pieters et al. 
also have demonstrated that cholesterol is required for the retention 
of coronin-1 on mycobacteria-containing phagosomes, illustrating the 
importance of host cholesterol on the mycobacterium-macrophage 
interaction [38]. Beyond antigen presenting cells, our study provides 
evidence that HypoCHL affects several lymphocyte subsets in subjects 
infected with HIV, including NK cells. NK cells are innate immune 
effectors critical in the early host defense against infectious pathogens, 
particularly those causing TB and CAP [39,40]. NK are also known 
to be potent producers of cytokines, key to controlling bacterial load 
within the lungs. NK cells are an important source of interferon to 

CAP PCP TB

MODEL OR 95% 
CI:

p 
Value OR 95% 

CI:
p 
Value OR 95% 

CI:
p 
Value

Malnutri-
tion 1.1 0.6-2.1 0.7 1.6 0.6-3.7 0.3 2.9 1.1-7.7 0.01

Smoking 1.6 1.2-4 0.02 2.1 1.1-2.2 0.001 1.2 0.6-2.5 0.6
Hazard-
ous 
Alcohol 
use

2.3 1.4-3.5 0.001 1.1 0.8-1.6 0.6 1 0.7-1.8 0.7

Smoking 1.3 0.9-1.8 0.15 1.5 0.8-2.9 0.2 1.9 0.8-5 0.15

Male 0.9 0.8-
1.14 0.6 1.1 0.8-1.6 0.5 1.3 1-1.6 0.1

Table 3: Univariate Analyses of Other Risk Factors Associated with Respiratory 
Infections.

Predictors of being hospitalized with either tuberculosis or community acquired pneumonia
MODEL MULTIVARIATE RR 95% CI: p Value
Hypocholesterolemia 7.7 2.1-27 0.002
Hazardous alcohol 1.2 1.3-1.9 0.01
CD4 <200 1.2 0.9-1.6 0.1
Malnutrition 1.1 0.8-1.4 0.5
Age > 50 years old 1.15 0.94-1.5 0.2
Tobacco 1.5 1.2-1.8 0.001

Table 4: Multivariate Analyses for Being Hospitalized with Community acquired 
pneumonia or Tuberculosis.
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contain a mycobacterial infection, particularly given severe immune-
suppression related to advanced HIV/AIDS. As such, any impairment 
in the NK compartment associated with low cholesterol would likely 
enhance the risk of TB. 

In summary, the data demonstrated that it is biologically plausible 
that by altering the immune system, HypoCHL may predispose PLWH 
to develop respiratory infectious diseases. Further supporting our 
postulates of a causal relationship are clinical trials, demonstrating that 
a cholesterol-rich diet (750 mg daily) accelerated the bacteriological 
sterilization of sputum when added to the four-drug antitubercular 
treatment. 

Finally, the robust associations between HypoCHL and 
respiratory infections and its persistent relationship after controlling 
for confounders, supports the hypothesis that hypocholesterolemia 
is a mediator of alcohol deleterious health effects. These results also 
highlight the need to better understand the specific key molecular 
mechanisms involved in these processes, so that new targeted therapies 
may be developed to prevent these morbidities.

Nevertheless, it is important to recognize some limitations of the 
study design. First, the results are limited to the study population. 
Second, the observational nature of our data precludes causal inferences. 
However, considering that a sizable proportion of the PLWH develops 
HypoCHL, it would be valuable to assess in clinical trials if cholesterol 
screening and preventive interventions, could in fact, ameliorate or 
decrease the risks. At the very least, our article should raise awareness 
of HypoCHL’s possible deleterious effects on PLWH, particularly in 
light of the increasing use of lipid lowering medications, and thus 
stimulated further research in this area. 
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