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CONFERENCE SUMMARY

Refining Current Scientific Priorities and Identifying
New Scientific Gaps in HIV-Related Heart,

Lung, Blood, and Sleep Research

Homer L. Twigg III,1 Ronald Crystal,2 Judith Currier,3 Paul Ridker,4 Nancy Berliner,4

Hans-Peter Kiem,5 George Rutherford,6 Shimian Zou,7 Simone Glynn,7 Renee Wong,7

Emmanuel Peprah,7 Michael Engelgau,7 Tony Creazzo,7 Sandra Colombini-Hatch,7 and Elisabet Caler7

Abstract

The National Heart, Lung, and Blood Institute (NHLBI) AIDS Program’s goal is to provide direction and
support for research and training programs in areas of HIV-related heart, lung, blood, and sleep (HLBS)
diseases. To better define NHLBI current HIV-related scientific priorities and with the goal of identifying new
scientific priorities and gaps in HIV-related HLBS research, a wide group of investigators gathered for a
scientific NHLBI HIV Working Group on December 14–15, 2015, in Bethesda, MD. The core objectives of the
Working Group included discussions on: (1) HIV-related HLBS comorbidities in the antiretroviral era; (2) HIV
cure; (3) HIV prevention; and (4) mechanisms to implement new scientific discoveries in an efficient and timely
manner so as to have the most impact on people living with HIV. The 2015 Working Group represented an
opportunity for the NHLBI to obtain expert advice on HIV/AIDS scientific priorities and approaches over the
next decade.
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Introduction

Despite advances in the understanding and treatment
of HIV that have improved the duration and quality of

life of people living with HIV (PLWH), challenges remain.
These include the need to better understand the basis of HIV
persistence, drug susceptibility, and HIV-related comorbid-
ities that plague infected individuals. According to the United
Nations Joint Programme on HIV/AIDS, in 2015, the number
of people living worldwide with HIV was about 37 million, of
whom *2.1 million had acquired their infection during the
previous year.

Fortunately, there has been a concomitant increase in the
number of PLWH who have access to antiretroviral therapy
(ART), reaching 17 million people in 2015. The increased
utilization of ART has resulted in decreased HIV/AIDS mor-

tality. AIDS-related deaths have decreased by 43% worldwide;
even in the most affected regions, such as eastern and southern
Africa, AIDS-related deaths have decreased by 36% since 2010.

Improvement in ART over the past two decades, together
with a broader outreach effort to prevent and diagnose in-
fection, has led to increased survival and a change in HIV
epidemiology. The HIV-infected population is becoming
older and is now facing an increasing number of chronic
diseases associated with aging. HIV comorbidities such as
cardiovascular, lung, and blood diseases, along with sleep
disorders, are more prevalent in PLWH and represent an
impending public health problem.1–4 These HIV-associated
comorbidities are significantly higher than the current prev-
alence rates in the non-HIV population. It is estimated that
by 2030, 84% of the HIV population will have at least one
of these comorbidities, 28% will have more than three
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comorbidities, and 78% will be diagnosed with cardiovas-
cular disease (CVD).5 The factors that influence the increased
risk of comorbidities in PLWH are still unclear, but elements
such as long-term use of ART, smoking, sustained HIV-
induced immune activation, chronic inflammation, and in-
teraction with other non-ART drugs are likely to play a role in
end-organ complications.

Ever since the beginning of the AIDS epidemic, the National
Heart, Lung, and Blood Institute (NHLBI) has been at the
forefront by supporting research that has spanned fundamental
basic science discoveries to clinical investigations. More re-
cently, implementation research has led to a better under-
standing of HIV in many populations and provided insight on
how to best move scientific discoveries from the bench into
clinical practice. Given the changing spectrum of HIV disease
in the ART era, in December 2015, the NHLBI convened a
working group of researchers, academicians, clinicians, and
implementation research scientists to discuss scientific gaps
that when addressed would lead to better understanding of how
to prevent, diagnose, and treat HIV-associated comorbidities.

Furthermore, recognizing that fundamental discoveries
need to be translated into public health gains for PLWH, im-
plementation science research priorities that can take the dis-
coveries from the clinic or laboratory to the ‘‘real world’’ were
also discussed. What follows is an executive summary of the
working group proceedings.

Working Group Overview and Scientific Themes

Four subgroups were created. Three subgroups focused
on priorities specific to their area of expertise (heart, lung,
blood), and a fourth (implementation science) was charged
with developing general scientific approaches that could be
used to take scientific discovery from the laboratory to the
clinical arena and to improve population health in commu-
nities. The core objective of each subgroup was to have
discussions on: (1) HIV-related comorbidities; (2) HIV cure;
(3) HIV prevention; and (4) how to use evidenced-based in-
terventions to impact and improve the health of PLWH.

To achieve these core objectives, subgroup participants
were asked to develop recommendations aligned with the NIH
Office of AIDS Research Strategic Plan as follows: (1) highest
scientific priorities in HIV-related heart, lung, blood, and sleep
(HLBS) and implementation science issues; (2) strategies to
enhance dialogue and collaboration among different scientific
communities; and (3) approaches to leveraging existing re-
sources (e.g., cohorts, datasets, and so on).

The meeting was structured as two plenary sessions to
cover broad basic and clinical research talks followed by
breakout sessions for each of the HBLS and implementation
science areas, during which specific challenges and future
directions for each field were addressed, and in some cases,
disease-specific issues were discussed. Subgroup participants
were asked to identify the highest priority research gaps
within their areas of focus and recommend future research
strategies to address those gaps. Subgroups were asked to
center discussions on how new epidemiological data could
lead to novel hypotheses on the pathogenesis of HIV-
associated complications, and how results of pathogenesis
studies could inform novel prevention and treatment ap-
proaches (Fig. 1). Finally, implementation science research-
ers were asked to address how to best create a scientific

environment that would best address these steps and move
new discoveries into clinical practice, utilizing evidence-
based interventions in clinical settings and communities.

Epidemiology

The development of ART has greatly influenced the
morbidity and mortality of HIV infection, and HIV-infected
subjects are now living near normal life spans.6 This has
generally been attributed to improvements in immunologic
function, either by preventing the progressive loss of im-
munity in HIV infection or by actually promoting immune
reconstitution. However, while infectious complications,
especially those caused by opportunistic pathogens, have
declined, they have been replaced by an increased frequency
of pulmonary and vascular complications associated with
chronic inflammation (Table 1).7–9 While complications spe-
cific to each compartment are listed at the top of the table, it is
important to recognize that many epidemiologic risk factors
are important contributors to many of the diseases across the
spectrum of HIV-associated complications. This includes an
increased prevalence of tobacco smoking,10 drug abuse,11 and
sedentary life style12 in the HIV-infected population.

Heart disease is increased in HIV infection. Established
cohorts of HIV-infected participants from the United States
and Europe have demonstrated an increased risk of coronary
artery disease and myocardial infarction among patients with
treated HIV infection.13 Similarly, heart failure, especially
disease associated with a preserved ejection fraction, is in-
creased in the setting of HIV infection and is likely to become
an important cause of morbidity in the near future.14 Besides
evidence of inflammation, heart failure in HIV infection is
associated with myocardial fibrosis and steatosis, the cause of
which is unknown. Understanding the differences in cardiac
fibrosis and steatosis between HIV-infected and uninfected

FIG. 1. Epidemiological studies lead to novel hypotheses
on the pathogenesis of HIV-associated complications, which
in turn inform novel prevention and treatment. Ultimately,
implementation science is necessary to create a scientific
environment to address all these steps and to move new
discoveries into clinical practice.
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individuals is a priority. Finally, HIV infection is associated
with increased evidence of vascular diseases, including
stroke15 and peripheral vascular disease.16

The spectrum of lung disease has greatly changed in the
ART era. In the lung, ART has been associated with de-
creased opportunistic infections,17 specifically decreased
mycobacterial infections,18 and decreased incidence of bac-
terial pneumonia.19 The improved immunologic milieu has
led to the development of guidelines on when primary and
secondary prophylaxis against opportunistic pathogens can
be discontinued.20 However, with the decrease in pulmonary
infections in HIV-infected subjects on ART, other pulmonary
complications have become more frequently recognized,
leading to the currently observed change in the spectrum of
pulmonary disease in HIV infection. These complications
include pulmonary hypertension,21 emphysema,22,23 a vari-
ety of malignancies,9,24 pulmonary fibrosis,25 and the im-
mune reconstitution inflammatory syndrome.26 In addition, a
wide variety of sleep disorders have now been described in
the HIV-infected population,27 a phenomenon that has been
poorly recognized and understudied.

Blood complications remain problematic in the treated
HIV population. Despite ART, HIV-infected patients remain
at increased risk for venous and arterial thromboembolic
events. Multiple markers related to inflammation and coag-
ulation are increased in HIV infection, and several are pre-
dictive of thrombotic risk and mortality. The mechanisms
behind the risk for abnormal coagulation in HIV infection
have not been fully elucidated, but may be related to a chronic
immune activation and inflammatory state in both untreated
and treated HIV infection.28

ART initiation resulted in reductions in levels of CVD-
associated biomarkers; although improved, however, mark-
ers of endothelial dysfunction and monocyte activation re-
mained elevated. How these persistent abnormalities affect
CVD risk in HIV infection remains to be determined.29 In
addition, failure to restore immune function still occurs in a
significant proportion of HIV-infected subjects on ART.30

Whether this reflects bone marrow, thymus, or peripheral
lymphoid organ defects is not clear. Such immune failure is

characterized by increased circulating of CD8 T cell counts,
but fewer naive CD8 T cells increased plasma indices of
inflammation and coagulation, as well as elevated monocyte
inflammation and procoagulant activity.

For CD4 lymphopenia, all maturation subsets decreased
with increased memory of CD4 T cell turnover. Naive CD4
(and CD8) lymphopenia suggests homeostatic failure. CD8
lymphocytosis tends to be dramatic and persistent. Induction of
CD4+ T cell turnover and diminished T cell responsiveness to
IL-7 by IL-1b and IL-6 exposure may contribute to the lack of
CD4+ T cell reconstitution in treated HIV-infected subjects.31

At the other end of the spectrum is the impact of chronic
inflammation on clonal hematopoiesis of indeterminate po-
tential (CHIP) and acquired somatic mutations.32,33 CHIP
arises in individuals presumed to be hematologically normal
through an age-related acquisition of somatic mutations as-
sociated with myeloid malignancy. It is associated with in-
creased mortality from hematologic malignancy, but even
more strikingly, from CVD.34 How clonal hematopoiesis
influences the response to inflammation or how chronic in-
flammation can promote emergence and expansion of such
clones remains to be investigated.

Finally, the continuing transmission of HIV through blood
transfusion in low-resource settings as well as prevention of
such transmissions through improved blood safety and avail-
ability strategies remain concerns at the global level.35–37

Pathogenesis/Pathophysiology

The chronic diseases now affecting HIV-infected individuals
closely mirror those found in an aging uninfected population. It
has been known for years that HIV infection is characterized by
chronic inflammation.38 This observation has been similarly
made in normal aging individuals,39 and in fact HIV infection in
the ART era has been suggested as a model of the aging pro-
cess.40 Whether this represents an accelerated aging process due
to higher levels of inflammation in the HIV-infected population
or due to a premature ‘‘onset’’ of aging resulting from early
inflammation is not clear. The cause of chronic inflammation in
HIV-infected subjects is likely multifactorial and includes mi-
crobial translocation from a damaged gut mucosa,41 oxidative
stress,42 mitochondrial dysfunction,43 and persistence of risk
factors frequently seen in the HIV-infected population (smoking
and drug injection).44,45

Another important factor leading to chronic inflammation
in HIV infection is an altered microbial environment. Patients
with advanced HIV infection have altered lung46 and vas-
cular47 microbiomes, the latter likely resulting from a dis-
rupted gut mucosal barrier. Importantly, some of the bacteria
found increased in HIV infection are associated with chronic
inflammation.48 Potentially even more important is the
presence of an altered virome,49,50 since viruses possess the
capacity to establish latent infection, resulting in persistent
antigenic expression. This results in chronic stimulation of
the immune system and accumulation of terminally differ-
entiated lymphocytes (called immune senescence), which
paradoxically secrete a proinflammatory cytokine pro-
file.51,52 As a result, tissues containing abundant senescent
immune cells are characterized by chronic inflammation.

All three subgroups agreed that chronic inflammation was
an important consideration in the pathogenesis of HIV
complications, although the manner in which it does so

Table 1. Changing Epidemiology of HIV Disease

Complications in the Antiretroviral Era

Heart Lung Blood

Coronary artery
disease

COPD Immune restoration
failure

Peripheral
vascular
disease

Pulmonary
hypertension

Platelet dysfunction

Stroke Lung cancer Endothelial activation
Heart failure Lymphoma Clonal hematopoiesis

of indeterminate
potential

Sudden cardiac
death

Pulmonary fibrosis
Immune

reconstitution
syndrome

Sleep disorders

Tobacco smoking, drug abuse, antiretroviral therapy, and other
medication use, sedentary life style.

COPD, chronic obstructive pulmonary disease.
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remains unclear. While inflammation can clearly lead to
tissue damage, equally important are the concepts of tissue
repair and defense mechanisms to try and mitigate the in-
flammatory challenge. Differences in the host response to
inflammation can define whether an individual subject clears
the inflammatory challenge, undergoes a fibrotic response, or
develops another abnormal response such as fatty infiltration.
It is likely that genetic differences influence how one re-
sponds to inflammatory challenges, highlighting the need for
‘‘mulitiomic’’ approaches to further our understanding of the
pathogenesis underlying HIV-related HLBS complications.

In addition to chronic inflammation, dysregulation of
platelet function occurs in HIV-infected patients. Elevated
platelet counts (thrombocytosis) are associated with in-
creased risk for cardiovascular sequelae and thrombotic
complications.53 Conversely, decreased platelet production
and/or enhanced destruction leads to low platelet counts
(thrombocytopenia) and an increased risk of bleeding.
However, a low platelet count itself is not necessarily asso-
ciated with diminished proinflammatory and prothrombotic
risk, which is largely driven by the platelet’s activation status
and the many proinflammatory mediators it produces.

Viruses can interact with platelets to induce their activation
and/or removal of platelets from the circulation,54 leading them
to become proinflammatory and prothrombotic. This activation
state leads to the recruitment and infection of other immune
cells, such as T lymphocytes and monocytes,55 further stimu-
lating vascular inflammation and an increased risk of CVD.
Emerging evidence supports the notion that antiretroviral drugs
dysregulate platelets to promote and sustain systemic inflam-
matory changes that contribute to CVD.56 As smoking also
activates platelets,57 it will be important to explore the direct
effects of ART and ART in combination with tobacco smoke on
platelet function. An understanding of the basic pathways and
mechanisms associated with ART-induced changes in platelet
function and increased CVD risk is vital, especially in the
context of developing and evaluating new antiretroviral agents.

In summary, all three subgroups (heart, lung, and blood)
pointed to chronic inflammation as a major driver of the
complications now found in the HIV-infected population.
While some compartments may have predominant drivers of
inflammation, it is likely that some inflammatory mecha-
nisms are common to more than one compartment (Fig. 2).
For example, certain antiretroviral agents and intravenous
drug use will affect not only the blood compartment but also
the heart and lung as well through effects on platelet dysre-
gulation and alterations the host microbial milieu (i.e., viral
infections). Similarly, exposure to oxidative stress in the lung
can have similar detrimental effects on the heart. All three
compartments are by nature closely intertwined, with effects
in one likely to cause downstream effects in the others. This
points to a basic need for collaborative studies between sci-
entists from multiple disciplines to move forward.

Prevention and Treatment

Recognition of the increased prevalence of chronic dis-
eases in HIV infection is just the first step in caring for pa-
tients with HIV. New approaches to prevention and treatment
are needed (Table 2). All three working groups stressed the
need for a better understanding of the cause of chronic dis-
ease and inflammation in HIV-infected subjects, including

identification of potential biomarkers, to improve risk pre-
diction for specific diseases. Since long-term follow-up is
necessary to identify many of the diseases increased in HIV-
infected subjects, there is strong rationale for leveraging
existing large, well-characterized cohorts of HIV-infected
and matched uninfected subjects who can be used to further
our understanding of the risks and biomarkers associated with
the development and progression of chronic heart, lung, and
blood diseases; and thus, identify potential prevention and
treatment strategies. For example, new disease assessment
tools could be introduced into existing cohorts (i.e., disease
questionnaire modifications, pulmonary function tests, and
echocardiograms) to better identify and characterize HLBS
disorders; and/or enrollment of new participants in ongoing

FIG. 2. Chronic inflammation is a major driver of heart,
lung, and blood complications in the HIV-infected popula-
tion. While some compartments may have predominant
drivers of inflammation, it is likely some inflammatory
mechanisms are common to more than one compartment.
Thus, platelet dysregulation will have the most effect on the
blood and heart. An altered microbiome and virome are
important in lung and blood complications. Oxidative stress
may preferentially affect the lung and heart. Chronic in-
flammation is a common unifying end result of perturbations
in all three compartments.

Table 2. Strategies to Address Critical Gaps

in Our Understanding of HIV Complications

Improve risk prediction of disease
Identify better biomarkers of disease
Leverage existing HIV cohorts, especially those with

matched uninfected controls
Leverage existing biobanks containing samples from

HIV-infected subjects
Recruit scientific experts in heart, lung, and blood diseases

into the HIV arena
Develop animal models of specific diseases
Develop the next generation of HIV scientists through

targeted research programs
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cohorts could allow for the evaluation of HLBS diseases in
HIV patients treated with new ART regimens, and treated
earlier after diagnosis. Questions needing to be addressed
include the effect of ARTs themselves on the chronic disease
process, whether the management of chronic disease differs
in an HIV-infected population, and the potential role of anti-
inflammatory agents in treatment.

In addition to patient-focused studies, more translational
laboratory investigations are needed to understand the path-
ogenesis of chronic disease in HIV infection and to guide
preventive and treatment strategies. This includes studies on
blood and tissue samples obtained from large cohorts as well
as the development of new animal models of chronic heart
and lung disease. These approaches should encourage new
collaborations between existing HIV investigators and in-
vestigators with expertise in heart, lung, and blood science
who may not be working in the HIV field.

Given the global focus of the HIV epidemic, there is strong
support to ensure that heart, lung, and blood research in HIV
infection takes into consideration unique factors, which may
influence these conditions in low and middle income settings,
where access to healthcare (including antiretroviral agents) and
social/environmental influences are considerably different. For
example, factors that contribute to inflammation in the setting of
HIV infection may differ in settings where endemic infectious
diseases are more prevalent, highlighting the opportunity to
examine the contributions of inflammation to chronic disease.

Finally, focusing on a cure for HIV remains a very high
priority and will involve collaborations across disciplines to
address such critical issues as viral reservoirs (which tissues?
which cells?) and novel immunotherapy-based approaches to
target these reservoirs.58–60 Furthermore, newer hematopoi-
etic stem cell approaches, using genetically modified cells
resistant to HIV infection, are being identified.61–63 In the
field of cell and gene therapy for HIV cure, there are currently
ongoing studies to optimize gene editing of T cells and he-
matopoietic stem/progenitor cells (HSPCs) to better under-
stand the allogeneic effect in HIV eradication or cure and to
harness the immune systems using chimeric antigen receptor
T cell technology or biospecific antibodies to target HIV-
infected cells. In addition, modulation of the immune system
with immune checkpoint inhibitors (e.g., PD1/PD-L1 inhib-
itors) and combinations with latency reversing agents (such
as TLR7) are also being actively pursued.64–66

In the blood transfusion field, screening of blood donors
can reveal unique HIV-infected subjects. For example, indi-
vidual nucleic acid test screening of blood donations in South
Africa provided a unique opportunity for recruiting a cohort of
donors identified during Fiebig stages I and II of their HIV
infection and referring them for ART (https://reds-iii.rti.org/
ResearchStudies/Phase2Studies.aspx#MATHS). The success-
ful execution of a proof of concept study in South Africa as
part of the NHLBI Recipient Epidemiology and Donor Eva-
luation Study-III (REDS-III) will inform future efforts in early
identification of HIV-infected individuals and treatment of
such infections for maximal prevention of further transmis-
sion. The findings of the study will also evaluate the impact of
very early ART on HIV reservoir formation and prevention of
HIV comorbidities. ART initiated within 6 months of infection
resulted in lower CD4+ and CD8+ lymphocyte activation, as
well as lower HIV proviral DNA and lower cell-associated
HIV RNA.67 Emerging results from studies conducted in

Thailand suggest that ART treatment initiated during Fiebig
stage I leads to minimal HIV reservoir establishment, limiting
the seeding and persistence of HIV in all subsets of CD4 T
memory cells.68,69

Implementation Science Research

The implementation science subgroup focused on utilizing
implementation science research to address the health needs
of PLWH and was tasked with providing expert advice that
would inform and guide NHLBI’s implementation science-
focused initiatives in the area of HIV/AIDS research. The
subgroup identified opportunities in the implementation sci-
ence arena, which could guide NHLBI as it develops a robust
implementation science research program to address co-
morbidities for PLWH both globally and domestically. Un-
like the other subgroups, the implementation science experts
identified four interrelated themes that were grouped ac-
cording to Bronfenbrenner’s ecological framework model.

Patient-related themes address the types of research that
are acceptable to patients. Concepts within this theme include
how the scientific community obtains more data to better treat
patients, how patient care should be managed, and what are
patient perceptions about managing HIV and other heart,
lung, and blood comorbidities.

Provider-related themes represent the knowledge the pro-
vider needs to better treat PLWH. This involves not only
identifying knowledge gaps for implementing care but also
focusing on the infrastructure needed to facilitate research
necessary to fill these gaps.

Health systems-related themes include optimizing the
health systems to better address patient needs. This includes
identifying how health systems should be strengthened both
domestically and globally to address the needs of PLWH.

Finally, a crosscutting opportunities theme describes how
the NHLBI can facilitate training of new scientists and draw
established investigators into the HIV field to develop rele-
vant implementation science research expertise to address
health issues for PLWH.

After identifying the constituent framework necessary for
interventions, the implementation science research subgroup
identified four major opportunities to use evidence-based
interactions to impact the health of PLWH. These four major
opportunities paralleled the themes aforementioned and in-
cluded research opportunities encompassing (1) the patient,
(2) the provider, (3) the health system, and (4) crosscutting
opportunities. Each area is briefly highlighted below:

1. Research Opportunities Encompassing the Patient
Implementation science must encompass patients to

achieve true public health impact. This provides significant
opportunities to address the needs of PLWH using multi-
level interventions that are contextualized in the ecosystem
of the person. PLWH have significant challenges in regard
to access behavior. Furthermore, PLWH have exposure to
significant factors that can negatively impact prolonged
outcomes. These include persistent exposure to tobacco
and frequent comorbid conditions (e.g., hypertension,
kidney disease, endocrine, hepatic, and psychiatric issues).
The utilization of implementation research to determine
how to best adopt, adapt, scaleup, and sustain routine use of
those effective interventions will be essential to prolong
the lives of PLWH.
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2. Research Opportunities Encompassing the Provider
Although implementation science has been extensively

utilized in global health within the field of HIV research,
the focus has been on patients. Provider-focused im-
plementation research has occurred, however, there are
significant gaps related to the tools required by physi-
cians to gain competencies to address the health issues of
PLWH. This is an area of need and which late-stage
implementation research could help mitigate. In the
global setting, task shifting might represent ways, in
which holistic treatments could occur for PLWH. Other
issues implementation science could address include
polypharmacy and mechanisms to retain high-risk pop-
ulations in care.

3. Research Opportunities—Health System
Implementation science research can be used to

address the deficiencies in health systems. For ex-
ample, implementation science can inform how to
provide effective, impactful care to PLWH in various
settings (e.g., rural, semirural, urban, and periurban),
both domestically and internationally. However, op-
timization of health systems to address the health
issues of PLWH is context specific and will require
implementation research to address structural barriers
in a context-specific manner. While this knowledge
could be transferrable, the disparities in resources and
access to care in low-resource settings compared with
high-resource areas are potentially significant barriers
to addressing the needs of specific health systems.

Opportunities also exist to utilize implementation
science research to strengthen and develop robust
systems that can address noncommunicable diseases in
HIV-infected populations. Qualitative research in
health systems is also an area of need in addition to
health services research and payment modeling. Both
aspects contribute to health system strengthening by
identifying the best schemes that can be utilized for
PLWH in various settings.

4. Research Opportunities—Crosscutting Opportunities
Increasing the number of individuals trained in

implementation science via NIH support of career
awards (e.g., K awards) or institutional training grants
(e.g., T32 awards) would increase the overall pool of
investigators and thus positively increase the number
of individuals conducting implementation science to
address the needs of PLWH. Furthermore, HLBS sci-
entists could consider extending their research to en-
compass HIV patients. For example, investigators
could consider recruiting HIV-infected subjects into
existing non-HIV-infected cohorts and making avail-
able valuable banked clinical samples from both HIV-
infected and non-HIV-infected subjects who have un-
dergone extensive clinical investigation.

Conclusion

ART has greatly improved the outlook of PLWH infec-
tion, with a significant reduction in infectious complications
and an improved long-term survival. This decrease in HIV-
related mortality has been facilitated by novel basic science
discoveries, high-quality clinical trials, and implementation
science. Nevertheless, PLWH continue to suffer from many
complications out of proportion compared with their unin-
fected counterparts, which in the western world consists
primarily of diseases associated with chronic inflammation
and aging. To address this disparity, NHLBI convened a
scientific working group to identify research gaps in the
epidemiology, pathogenesis, and management of HIV-
associated HLBS comorbidities.

While the focus of the working groups was on chronic
inflammation and its resulting comorbidities, it should be
emphasized that infectious complications remain critically
important for two reasons. First, despite improvements in
healthcare delivery, over half the HIV-infected subjects in the
world are not on ART and thus remain susceptible to infec-
tions that used to be so prevalent in the pre-ART era. Second,

FIG. 3. While chronic in-
flammation contributes sub-
stantially to HIV comorbidities,
perturbations in the microbial
environment remain critically
important due to (1) lack of
access of many HIV-infected
populations to effective anti-
retroviral therapy, which can
still lead to infectious compli-
cations, and (2) perturbation in
the microbial milieu that di-
rectly or indirectly contributes
to chronic inflammation.
Chronic inflammation and ab-
normalities in the microbial
milieu are further influenced by
external factors such as tobacco
abuse, other HIV risk factors,
and geographic variation.
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and perhaps more importantly, while HIV-infected patients
on ART have a reduced incidence of pathologic infections, it
is likely that many still have a perturbed microbial milieu that
is directly or indirectly contributing to their chronic inflam-
matory state (Fig. 3).

Finally, the importance of translating new discoveries to
the clinical practice and community healthcare delivery
cannot be overstated. It is this collaboration along the re-
search continuum from basic to translation science to the final
stages of delivery of said intervention that truly promises to
reduce HLBS mortality. Engaging this continuum by ob-
taining input from experts in the fields that were represented
at the 2015 NHLBI AIDS Working Group meeting will be a
necessary component of NHLBI’s strategy to address the
health needs of PLWH.

In the end, the conference allowed for a robust exchange of
ideas on how best to enhance the health of PLWH, utilizing
the most current epidemiologic data to inform future scien-
tific directions to better define the pathogenesis and man-
agement of HIV-associated comorbidities. With the help of
implementation science, the NHLBI seeks to rapidly move
basic fundamental discoveries to clinical research and sub-
sequently translate those findings into sustainable programs
that improve the lives of PLWH.
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