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Abstract

Background: Maladaptive immune responses contribute to the pathogenesis of many chronic 

lung diseases. Here, we tested hypotheses that CD4 and CD8 T cell and monocyte phenotypes are 

associated with lung function in people living with HIV (PLWH) and those without HIV.

CORRESPONDING AUTHOR: Mark H. Kuniholm, PhD, Department of Epidemiology & Biostatistics, University at Albany, State 
University of New York, GEC 137, One University Place, Rensselaer, NY 12144. Phone: (518) 402-0397. Fax: (518) 402-0380. 
mkuniholm@albany.edu

SOURCES OF SUPPORT: The contents of this publication are solely the responsibility of the authors and do not represent the 
official views of the National Institutes of Health (NIH). MWCCS (Principal Investigators): Atlanta CRS (Ighovwerha Ofotokun, 
Anandi Sheth, and Gina Wingood), U01-HL146241; Baltimore CRS (Todd Brown and Joseph Margolick), U01-HL146201; 
Bronx CRS (Kathryn Anastos and Anjali Sharma), U01-HL146204; Brooklyn CRS (Deborah Gustafson and Tracey Wilson), U01-
HL146202; Data Analysis and Coordination Center (Gypsyamber D’Souza, Stephen Gange and Elizabeth Golub), U01-HL146193; 
Chicago-Cook County CRS (Mardge Cohen and Audrey French), U01-HL146245; Chicago-Northwestern CRS (Steven Wolinsky), 
U01-HL146240; Connie Wofsy Women’s HIV Study, Northern California CRS (Bradley Aouizerat, Phyllis Tien, and Jennifer Price), 
U01-HL146242; Los Angeles CRS (Roger Detels), U01-HL146333; Metropolitan Washington CRS (Seble Kassaye and Daniel 
Merenstein), U01-HL146205; Miami CRS (Maria Alcaide, Margaret Fischl, and Deborah Jones), U01-HL146203; Pittsburgh CRS 
(Jeremy Martinson and Charles Rinaldo), U01-HL146208; UAB-MS CRS (Mirjam-Colette Kempf, Jodie Dionne-Odom, and Deborah 
Konkle-Parker), U01-HL146192; UNC CRS (Adaora Adimora), U01-HL146194. The MWCCS is funded primarily by the National 
Heart, Lung, and Blood Institute (NHLBI), with additional co-funding from the Eunice Kennedy Shriver National Institute Of Child 
Health & Human Development (NICHD), National Institute On Aging (NIA), National Institute Of Dental & Craniofacial Research 
(NIDCR), National Institute Of Allergy And Infectious Diseases (NIAID), National Institute Of Neurological Disorders And Stroke 
(NINDS), National Institute Of Mental Health (NIMH), National Institute On Drug Abuse (NIDA), National Institute Of Nursing 
Research (NINR), National Cancer Institute (NCI), National Institute on Alcohol Abuse and Alcoholism (NIAAA), National Institute 
on Deafness and Other Communication Disorders (NIDCD), National Institute of Diabetes and Digestive and Kidney Diseases 
(NIDDK), National Institute on Minority Health and Health Disparities (NIMHD), and in coordination and alignment with the 
research priorities of the National Institutes of Health, Office of AIDS Research (OAR). MWCCS data collection is also supported by 
UL1-TR000004 (UCSF CTSA), P30-AI-050409 (Atlanta CFAR), P30-AI-050410 (UNC CFAR), and P30-AI-027767 (UAB CFAR). 
LH was partly supported by K24HL087713. ANV is supported by an IRG Award from the Nancy E. Taylor Foundation for Chronic 
Diseases, Inc.

CONFLICTS OF INTEREST: MHK reports consulting for Sanofi. All other authors – no conflicts.

HHS Public Access
Author manuscript
J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2022 October 26.

Published in final edited form as:
J Acquir Immune Defic Syndr. 2021 March 01; 86(3): 344–352. doi:10.1097/QAI.0000000000002544.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Methods: Markers of T cell differentiation, activation, exhaustion and senescence, and markers 

of monocyte recruitment and migration were quantified in 142 HIV-positive and 73 HIV-negative 

participants of the Pittsburgh HIV Lung Cohort. All participants underwent lung function testing.

Results: CD4 or CD8 T cell phenotypes were not associated with measures of lung function 

in HIV-positive or HIV-negative participants after adjustment for multiple comparisons. In HIV-

positive participants however, the percentage of classical monocytes that were CD11b+ had 

positive associations at the Bonferroni-adjusted significance threshold of P=0.05/63 with pre- 

and post-bronchodilator forced expiratory volume in 1 second (FEV1)/forced vital capacity 

(FVC) ratio (β=0.36; P=0.00003 and β=0.31; P=0.0003, respectively). In stratified analyses of 

n=87 participants with CD4 ≥500 cells/μL, associations of percentage of classical monocytes 

that were CD11b+ with pre- and post-bronchodilator FEV1/FVC ratio were stronger (β=0.48 

and β=0.41, for pre- and post-, respectively) than in the entire HIV-positive study population. 

Significant associations of monocyte phenotypes were not observed in HIV-negative participants 

after adjustment for multiple comparisons.

Conclusions: CD11b+ expression on classical monocytes is positively associated with 

FEV1/FVC ratio in PLWH including in those with CD4 T cell recovery. Given the normal 

surveillance activity of monocytes, such association suggests this monocyte subset may play a role 

in preservation of pulmonary function in PLWH.
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INTRODUCTION

Impaired lung function and chronic lung diseases are common in people living with 

HIV (PLWH).1 The incidence of non-communicable pulmonary disease, including chronic 

obstructive pulmonary disease (COPD) is also higher in PLWH compared to HIV-uninfected 

individuals in prospective studies, but the precise explanation for this observation is 

incompletely understood.2–4 The extent to which antiretroviral therapy (ART) and CD4 

T cell recovery impact lung function and mitigate lung disease risk is uncertain.

Mechanisms through which HIV infection contributes to non-infectious lung diseases are 

not fully understood. However, recent studies have considered whether chronic immune 

activation, a hallmark characteristic of HIV infection, may play an etiologic role.5–11 

ART allows patients to durably suppress HIV replication and achieve CD4 T cell 

recovery, but levels of immune activation biomarkers remain elevated in ART-treated and 

virally suppressed PLWH compared to HIV-uninfected individuals.12,13 Residual immune 

activation in treated PLWH may contribute to several important comorbid conditions,14 

including pulmonary disease.

T cell surface markers (reflecting T cell activation and senescence) and plasma measures 

of systemic inflammation (C-reactive protein [CRP] and interleukin [IL]-6) have been 

associated with pulmonary dysfunction (lower pre- and post-bronchodilator forced 

expiratory volume in 1 second (FEV1) and diffusing capacity of the lung for carbon 
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monoxide [DLCO]) in PLWH.9 Plasma innate immune activation (soluble CD14 and 

soluble CD163) markers have been similarly associated with pulmonary dysfunction in 

PLWH.5,6,8,10 Collectively, these data suggest both innate and adaptive arms of the immune 

response contribute to the pathogenesis of non-infectious lung diseases in PLWH.

In order to better understand associations of innate and adaptive immune markers 

with pulmonary function in PLWH, particularly in individuals with decades of durably 

suppressed HIV viremia and CD4 T cell recovery, we: (i) screened a large panel of T cell 

surface markers– reflecting T cell activation, differentiation, exhaustion and senescence; 

(ii) examined innate immune cell surface markers (classical, intermediate and non-classical 

monocytes and monocyte recruitment/migration markers) in HIV lung disease; and (iii) 

stratified specific analyses to measure potential heterogeneity of associations in individuals 

with and without CD4 T cell recovery. We tested the hypothesis that CD4 and CD8 T cell 

and monocyte cellular phenotypes are associated with lung function in PLWH, potentially 

with differential effects compared to similar people without HIV.

METHODS

Study participants

Participants from the Pittsburgh HIV Lung Cohort (previously reported in15,16) were 

included. Individuals in the Pittsburgh HIV Lung Cohort were recruited from the Pittsburgh 

AIDS Clinical Trial Unit, the Pittsburgh site of the Multicenter AIDS Cohort Study 

(MACS), or the San Francisco site of the Women’s Interagency HIV Study (WIHS).16,17 

Exclusion criteria included pregnancy or breast-feeding; contraindication to pulmonary 

function testing; increasing respiratory symptoms or fevers (temperature>38°C) within 4 

weeks of study entry; hospitalization within 4 weeks prior to study entry (excluding mental 

health); uncontrolled hypertension at screening visit (systolic >180 mmHg or diastolic >100 

mmHg); current systemic chemotherapy or radiation for cancer; or current infection of the 

lungs, brain, or abdomen. All participants provided written, informed consent approved by 

institutional review boards at the sponsoring institutions.

Data collection

Demographic and clinical data were collected by trained interviewers and abstractors. 

These data included age, sex, race, ethnicity, self-reported cigarette smoking and duration, 

self-reported injection and non-injection drug use, history of bacterial or Pneumocystis 
pneumonia, and use of ART. Participants were considered ‘ever-smokers’ if they endorsed 

a history of smoking greater than 100 cigarettes in their lifetime. Participant CD4 T cell 

counts and HIV viral loads were determined via chart abstraction or from MACS or WIHS 

databases, if available, and the CD4 cell counts and viral loads obtained most proximal to 

pulmonary function testing (PFT) were recorded as current. Participants were categorized 

as having active hepatitis C virus (HCV) infection if they had both positive antibody 

testing and HCV viral RNA positivity as determined via review of laboratory testing. Blood 

samples were obtained at each study visit, processed and cryobanked until use.
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Pulmonary function testing

Participants performed pre- and post-bronchodilator spirometry and measurement of 

DLCO per American Thoracic Society (ATS) and European Respiratory Society (ERS) 

standards.18–20 DLCO% was adjusted for hemoglobin and carboxyhemoglobin.21 Percent-

predicted lung function was determined using predicted values from the National Health and 

Nutrition Examination Survey (NHANES) III.22 All calculations and interpretations were 

in accordance with the accepted reference standards of the ATS and ERS, and only tests 

meeting ATS standards or deemed acceptable by a trained pulmonologist as acceptable were 

included in the analysis.18,21–24 Three participants had ATS-unacceptable spirometry and 

were excluded.

Flow cytometry

Peripheral blood mononuclear cells (PBMC) were isolated immediately following blood 

collection using Histapaque-1077 (Sigma-Aldrich, St. Louis, MO) and were cryopreserved 

in liquid nitrogen in aliquots of 2 million cells per cubic centimeter of standard freezing 

medium (90% heat-inactive fetal bovine serum/10% dimethylsulfoxide). Cryopreserved 

PBMC were thawed, washed and immunostained for T cell and monocyte phenotyping. 

For lymphocyte subsets, the following antibody panel was used: LIVE/DEAD Aqua marker 

(Invitrogen, Carlsbad, CA), CD3-Alexa Fluor 700, CD4-BV421, CD8-CD650, CD45RA-

APC, CCR7- PE-Cy7, HLADR-FITC, CD28-PE, CD38-PE-CF594, PD1-PerCP-Cy5.5, 

CD57-BV605, CD69-APC-Cy7 (all antibodies from BD Biosciences, Franklin Lakes, 

NJ). For monocyte subsets, the following antibody panel was used: LIVE/DEAD Aqua 

marker, CD14-APC-H7, CD16-FITC, CX3CR1-APC, HLADR-PE-Cy7, CD11b-PE, and an 

exclusion “dump” channel (combine CD3/CD19/CD56-Alexa 700) (all antibodies from BD 

Biosciences). All gates were defined with fluorescence-minus-one controls. Raw cytometry 

data were acquired using LSRFortessa X20 cytometer (BD Biosciences). Off-line analyses 

of cell populations were performed using FlowJo software (Treestar Inc, Ashland, OR). 

Procedures for cytometer calibration, on-line signal-to-noise compensation, live/dead cell 

discrimination, and off-line electronic gating of cells of interest including computation of 

fluorescence compensation matrices followed protocols that have been validated in a variety 

of clinical settings.9,25–28

Lymphocytes and monocytes gates were first determined using standard forward (FSC) 

and side scatter (SSC) profiles to ascertain cell size and granularity. The lymphocyte gate, 

containing CD4 and CD8 T cells, consisted of a cell cluster of lower FSC and SSC, whereas 

the monocyte gate was for the cluster with much larger magnitudes of FSC and SSC. 

After the exclusion of dead cells, CD4+ and CD8+ T cells were gated from CD3+ cells. 

CD4 and CD8 T cell subsets were defined as: differentiation naïve (CD45RA+/CCR7+), 

central memory (CM) (CD45RA−/CCR7+), effector memory (EM) (CD45RA−/CCR7−) 

and terminally differentiated effector memory (TEMRA) (CD45RA+/CCR7−). Functional 

phenotypes were defined based on markers of general cellular activation (CD38+; HLA-

DR+); exhaustion and exhaustion-associated inflammation (PD1+; CD69+); and senescence 

(CD57+; CD28null).
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A similar approach for the exclusion of dead cells and non-target cells (i.e. contaminating 

CD3− CD4− CD8− CD16+ CD56+/− natural killer cells and CD19+ B cells) were used to 

examine monocyte subtypes in the gated larger FSC-SSC cluster. Monocyte subsets were 

defined as classical (CD14highCD16−), intermediate (CD14highCD16+), and non-classical 

(CD14+CD16high). Designation of recruitment and migration phenotypes of classical, 

intermediate, and non-classical monocyte subtypes were based on expression of CD11b 

and CX3CR1.

Statistical analysis

Bivariate associations of demographic, behavioral and clinical characteristics were assessed 

using t-tests (continuous variables) or chi-square or Fisher’s exact tests (categorical 

variables) as appropriate. T cell and monocyte phenotypes were checked for normality and 

normalized with square root or natural log transforms as appropriate. Percent-predicted lung 

function measures were then analyzed for associations of T cell and monocyte phenotypes 

using linear regression models with adjustment for hepatitis B virus (HBV) infection 

(anti-HBc/HBsAg), HCV infection (anti-HCV+ and HCV RNA+), smoking pack-years, 

body-mass index (BMI), history of marijuana, crack cocaine use, injection drug use, and 

history of tuberculosis, history of bacterial pneumonia or Pneumocystis pneumonia (PCP). 

Prior studies of the relation of HBV, HCV and injection drug use with pulmonary function 

phenotypes have been limited and heterogeneous.29–32 Associations of T cell and monocyte 

phenotypes with pulmonary function phenotypes were not qualitatively different with vs. 

without adjustment for HBV, HCV and injection drug use (data not shown).

Analyses of HIV-positive participants additionally included adjustment for current ART use, 

CD4 T cell count and HIV viremia status. We did not adjust our linear regression models for 

age because the percent-predicted pulmonary function outcomes were already age-adjusted. 

Bias associated with misspecified age in spirometry reference equations is well recognized33 

and in the current study we adjusted for exact age (pulmonary function date – date of birth / 

365.25) rather than integer age. Standardized beta coefficients are presented for each linear 

regression analysis because the variability (e.g., interquartile range [IQR]) of T cell and 

monotype phenotypes was heterogeneous (Supplementary Tables 1–3).

We used Bonferroni thresholds to consider whether associations at the nominal level 

(P<0.05) might also be significant when adjusted for multiple comparisons. Specifically, 

we considered the number of hypothesis tests for CD4 T cells (16 cellular phenotypes * 7 

pulmonary phenotypes), CD8 T cells (16 cellular phenotypes * 7 pulmonary phenotypes) 

and monocytes (9 cellular phenotypes * 7 pulmonary phenotypes) at Bonferroni significance 

thresholds of 0.05/112, 0.05/112 and 0.05/63, respectively, for HIV-positive and HIV-

negative participants.

To measure potential heterogeneity of associations by immune status, we stratified analyses 

of HIV-positive participants by CD4 T cell count. We used two a priori defined thresholds 

for these analyses (i.e., <350 vs. ≥350 and <500 vs. ≥500 CD4 cells/μL). We did not 

consider heterogeneity of associations based on lower CD4 T cell count thresholds because 

few participants had low CD4 counts (i.e., n=10 [7%] of HIV-positive participants had CD4 

T cell count <200 cells/μL).
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RESULTS

Study participant characteristics

One hundred and forty-two HIV-positive and 73 HIV-negative participants met the study 

inclusion criteria with available flow cytometry to determine T cell and monocyte 

phenotypes. HIV-positive and HIV-negative participants were similar with regard to most 

demographic and behavioral characteristics, aside from higher prevalence of injection drug 

and crack cocaine use and higher smoking pack-years in HIV-positive participants (Table 

1). HIV-positive participants were also more likely to have a history of PCP treatment, 

lower post-bronchodilator FEV1% and FVC% and lower DLCO% than the HIV-negative 

participants (Table 1). Percentages of 8 of 16 CD4 T cell phenotypes, 10 of 16 CD8 T 

cell phenotypes and 2 of 9 monocyte phenotypes also differed between HIV-positive and 

HIV-negative participants (Supplementary Tables 1–3).

Associations of CD4 T cell phenotypes with lung function measures

In HIV-positive participants, three associations of CD4 T cell phenotypes with measures 

of lung function were observed at the nominal level (P<0.05). Specifically, percentage 

of CD38−/HLA-DR− CD4 T cells was inversely associated with pre-bronchodilator FVC 

(β= −0.19; P= 0.03) whereas percentage of CD38+/HLA-DR− CD4 T cells was positively 

associated with pre-bronchodilator FVC (β= 0.18; P= 0.042- Table 2). Percentage of PD1+/

CD69− CD4 T cells was also positively associated with post-bronchodilator FVC in HIV-

positive participants (Table 2).

In HIV-negative participants, an inverse association at the nominal level of percentage 

CD38−/HLA-DR− CD4 T cells with pre-bronchodilator FVC was also observed along with a 

positive association of percentage naïve and an inverse association of percentage CM CD4 T 

cells with pre-bronchodilator FVC (Supplementary Table 4).

Notably, none of the associations of CD4 T cell phenotypes in HIV-positive or HIV-

negative participants were statistically significant after adjustment for multiple comparisons; 

Bonferroni threshold of P<0.05/112 hypothesis tests.

Associations of CD8 T cell phenotypes with lung function measures

In HIV-positive participants, percentage of CD8 T cells that were CD38−/HLA-DR+ was 

inversely associated at the nominal level (P<0.05) with six measures of lung function: 

pre- and post-bronchodilator FEV1 (β= −0.30; P= 0.001 and β= −0.26; P= 0.004, 

respectively), pre- and post-bronchodilator FVC (β= −0.30; P= 0.001 and β= −0.21; P= 

0.021, respectively) and pre- and post-bronchodilator FEV1/FVC ratio (β= −0.18; P= 0.046 

and β= −0.20; P= 0.029, respectively – Table 3).

In HIV-negative participants, two associations were observed at the nominal level of CD8 T 

cell phenotypes with measures of lung function. Specifically, percentage of CD8 T cells that 

were CD38+/HLA-DR− was positively associated with post-bronchodilator FVC (β= 0.26; 

P= 0.038) and percentage of CD8 T cells that were CD57−/CD28− was positively associated 

with pre-bronchodilator FEV1 (β= 0.27; P= 0.029 – Supplementary Table 5).
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Similar to CD4 T cell analyses, none of the associations of CD8 T cell phenotypes in 

HIV-positive or HIV-negative participants were statistically significant after adjustment for 

multiple comparisons; Bonferroni threshold of P<0.05/112 hypothesis tests.

Associations of monocyte phenotypes with lung function measures

In HIV-positive participants, 12 of the 48 tested associations of monocyte phenotypes 

with measures of lung function were significant at the nominal level (Table 4). The 

most consistent associations of monocyte phenotypes in HIV-positive participants were 

with the percentage of classical monocytes that were CX3CR1+ (inverse associations with 

five of seven measures of lung function) and the percentage of classical monocytes that 

were CD11b+ (associations with four of seven measures of lung function – Table 4). 

Specifically, percentage of classical monocytes that were CX3CR1+ had inverse associations 

with pre- and post-bronchodilator FEV1 (β= −0.28; P= 0.0011 and β= −0.22; P= 0.011), 

pre-bronchodilator FVC (β= −0.26; P= 0.002) and pre- and post-bronchodilator FEV1/FVC 

ratio (β= −0.23; P= 0.008 and β= −0.21; P= 0.015). In contrast, while percentage of classical 

monocytes that were CD11b+ had positive associations with pre-bronchodilator FEV1 (β= 

0.30; P= 0.0009) and pre- and post-bronchodilator FEV1/FVC ratio (β= 0.36; P=0.00003 

and β= 0.31; P=0.0003), respectively), an inverse association with DLCO (β= −0.21; P= 

0.011) was observed (Table 4).

Percentage of classical monocytes that were CD11b+ had positive associations at the 

nominal level and at the Bonferroni-adjusted threshold of P=0.05/63 hypothesis tests 

with pre- and post-bronchodilator FEV1/FVC ratio (Table 4). Significant associations of 

monocyte phenotypes were not observed in HIV-negative participants after adjustment for 

multiple comparisons (Supplementary Table 6).

Effect modification by immune status of monocyte phenotype associations

Associations of percentage of classical monocytes that were CD11b+ with pre- and post-

bronchodilator FEV1/FVC ratio in n=110 participants with CD4 ≥350 cells/μL were similar 

if slightly stronger (β=0.43 and β=0.36, for pre- and post-, respectively - (Supplementary 

Table 7)) to associations observed in the entire HIV-positive study population (β=0.36 and 

β=0.31, for pre- and post-, respectively, Table 4). In n=87 participants with CD4 ≥500 

cells/μL, associations of percentage of classical monocytes that were CD11b+ with pre- 

and post-bronchodilator FEV1/FVC ratio were stronger still (β=0.48 and β=0.41, for pre- 

and post-, respectively). In contrast, no significant associations of percentages of classical 

monocytes that were CD11b+ with FEV1/FVC ratio were observed in participants with CD4 

<350 cells/μL (n=24) or in participants with CD4 <500 cells/μL (n=47 – Supplementary 

Table 7).

DISCUSSION

In a detailed analyses of immune cell phenotypes in association with pulmonary function 

in persons with and without HIV infection, CD11b- and CX3CR1-expressing monocytes 

dominated. CD11b, one of four β2 integrins, is a regulator of the trans-endothelial 

migration of blood monocytes into lymph nodes and other tissues. Its expression on 
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monocytes has been considered an indicator of a pro-inflammatory phenotype,34 implicating 

the role of CD11b+ monocytes in HIV lung health. CX3CR1 is the receptor for the 

chemoattractive protein CX3CL1 or fractalkine. Its expression is therefore indicative of 

active migration. CX3CR1-CX3CL1 interaction is implicated in tissue injury/repair and 

in many inflammatory diseases.35 In the setting of lung diseases such as COPD and in 

long-term smoking, CX3CR1+ lung macrophages and monocytes have a role in disease 

pathophysiology.36

In the present work, associations of classical CD11b+ monocytes with FEV1/FVC ratio, 

a metric reflecting airflow, were statistically significant after adjustment for multiple 

comparisons. When low, FEV1/FVC ratio may reflect persistent airflow limitation and 

chronic obstructive pulmonary disease (COPD).37 Additionally, consistent associations at 

the nominal level (P<0.05) between measures of lung function and percentage of classical 

CX3CR1+ monocytes, as well as percentage of CD38−/HLA-DR+ CD8 T cells, were 

observed in HIV-positive participants. Such associations were not observed in HIV-negative 

participants.

Data reported here supported our hypothesis that monocyte differentiation, recruitment 

and migration markers would be associated with measures of lung function in PLWH. 

Prior studies in the Pittsburgh HIV Lung Cohort and other populations observed that 

monocyte-derived receptors in plasma including soluble CD163 and soluble IL-2 receptor 

alpha (sIL-2Rα or CD25) are associated with the measures of pulmonary function assessed 

in the current investigation, including FVC and FEV1/FVC ratio.5,10 Additionally, soluble 

CD14, which may be a measure of microbial translocation or monocyte activation, was 

associated with pulmonary nodules and radiographic emphysema in prior studies.6,8 The 

direction of the findings, however, was somewhat unexpected because CD11b expression 

on classically activated macrophages was associated positively with FEV1/FVC ratio in the 

current investigation, suggesting association with better pulmonary function but inconsistent 

with prior data regarding “activated” monocytes and macrophages. This may be related to 

variability in the specific effects of CD11b-expressing cells.

CD11b plays a central role in the innate immune response including in anti-tumor 

immunity38 and is the target of drug trials in pancreatic cancer.39 In the setting of an 

experimental mouse model of acute lung injury, CD11b was inducibly expressed on alveolar 

macrophages that were recruited and derived from peripheral blood monocytes, and not on 

resident alveolar macrophages.40 Following resolution of acute lung injury, a mixed pattern 

of CD11b and CD11c expression was observed on recruited alveolar lung macrophages40 

suggesting that these cells had transitioned to a more immunoregulatory phenotype. In 

murine models of a pediatric pulmonary disease mediated by inflammation following 

neonatal lung injury (bronchopulmonary dysplasia), CD11b expression on resident alveolar 

macrophages was protective against lung injury and loss of lung integrity,41 consistent with 

an anti-inflammatory phenotype.

It is unclear why we observed positive associations of CD11b+ classical monocytes 

with higher FEV1/FVC ratio (suggestive of immunoregulatory function decreasing local 

inflammation), while finding an inverse association of the same monocyte subset at the 
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nominal level with DLCO (Table 4). Further investigation of monocyte and pulmonary 

resident macrophage polarization and phenotype may be revealing in regards to immune cell 

trafficking and dynamics of lung inflammation in PLWH.

CX3CR1 also plays a central role in recruitment of circulating monocytes into lung tissues. 

Pulmonary hypertension patients have higher CX3CR1 expression on blood monocytes 

compared to controls.42 In a murine model, CX3CR1+ mononuclear phagocytes initiate 

innate immune responses to cigarette smoke by producing TNF-α and IL-6.43 However, 

lung CX3CR1+ macrophages may also induce a suppressive phenotype and produce 

immunoregulatory cytokines such as IL-12 and IL-1.36 One hypothesis is that CD11b+/

CX3CR1− classical monocytes are associated with FEV1/FVC because they are specifically 

not recruited into the lung. However, associations of CD11b+ on classical monocytes with 

FEV1/FVC ratio were stronger than those of CX3CR1+ and expression levels of these two 

molecules may reflect a single pathway as in this hypothesis or alternatively reflect distinct 

pathways that both affect FEV1/FVC ratio.

The present data show associations of monocyte phenotypes varied by immune status. 

Specifically, the significant associations of CD11b+ classical monocytes with measures of 

lung function were not observed in participants with low CD4 counts (i.e., CD4 <500 

cells/μL (n=47, Supplementary Table 7). Indeed, in a stratified analyses of a subsample n=87 

participants with CD4 ≥500 cells/μL, associations of CD11b+ classical monocytes with pre- 

and post-bronchodilator FEV1/FVC ratio were stronger than in the entire HIV-positive study 

population. These data reinforce the complexity of HIV biomarker science, but they also 

suggest that continued evaluation and testing of monocyte migration markers in patients with 

pulmonary diseases and CD4 T cell recovery is valuable.

It was somewhat surprising to find that no significant T cell associations were observed 

following adjustment, given prior associations of activated CD25+ CD4 and CD8 T cells 

with DLCO and senescent CD57+/CD28null CD8 T cells with post-bronchodilator FEV1, 

amongst other observations.9 We note, however, that the Pittsburgh HIV Lung Cohort has 

gotten older since we conducted that study (median age of HIV-positive participants of 46 

years in the prior study vs. 53 years in the current study) and is less immune suppressed 

(median 535 vs. 596 CD4 T cells/μL in the current study). Another difference is inclusion 

of a slightly different panel of T cell markers that included immunostaining for CD38, 

HLA-DR, PD1 and CD69.

Particular strengths of our study include the careful phenotyping of innate and adaptive 

cell surface markers, including the first extensive characterization of monocyte markers 

in association with pulmonary function in PLWH, as well as a well-described cohort 

of participants with full spirometry and diffusing capacity. Our study also has several 

limitations. First, the sample size is relatively small, particularly when considering 

subclassifications of patients with low CD4 T cell counts. Additionally, this study is cross-

sectional, which limits the interpretation of associations. There could be an interdependent 

relationship between immune activation and pulmonary disease, particularly since lung 

diseases including COPD predispose to regional dysbiosis that may underlie and drive 

local and systemic inflammation.44 Finally, the nature of the study including extensive 
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phenotyping of lymphocytes and monocytes, by necessity led to multiple comparisons. 

We recognize the limitations of Bonferroni and other commonly used correction methods, 

particularly because they assume that hypothesis tests are independent. Nonetheless, 

describing the data in their entirety including null and nominal associations will be useful to 

investigators with similar interests in immune cell phenotypes in pulmonary other organ 

dysfunction in the setting of HIV infection. Future studies will be needed to confirm 

our findings and to better describe the circumstances in which these surface markers and 

phenotypes develop and persist in PLWH with comorbidities.

In conclusion, this study suggests monocyte migration marker phenotyping including 

CD11b may be considered in the development of new biomarkers for pulmonary diseases 

in PLWH. If replicated in other populations and in mechanistic studies, these associations 

could serve to increase understanding of the pathogenesis of pulmonary diseases in PLWH, 

potentially leading to improved diagnoses and treatments in this population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1.

Demographic, behavioral and clinical characteristics of the study participants

HIV-positive N=142 HIV-negative N=73
P value

a

n (%) n (%)

Female sex 31 (22) 22 (30) 0.18

Race/ethnicity 0.92

 White, non-Hispanic 66 (46) 37 (51)

 Black, non-Hispanic 68 (48) 32 (44)

 Hispanic 5 (3) 3 (4)

 Other 3 (2) 1 (1)

Ever smoker
b 102 (72) 45 (62) 0.13

Illicit drug use, ever

 Marijuana 124 (87) 62 (85) 0.63

 Crack cocaine 66 (47) 15 (21) <0.001

 Injection drug use 25 (18) 5 (7) 0.04

HBsAg+ 16 (11) 5 (7) 0.30

HCV Ab+/RNA+ 24 (17) 7 (10) 0.15

History of Tuberculosis 4 (3) 0 0.30

History of Pneumonia 33 (23) 18 (25) 0.82

History of PCP treatment 13 (9) 0 0.005

Current ART use 132 (93) -- --

Undetectable HIV viral load 103 (73) -- --

Median (IQR) Median (IQR)

Age, year 53 (46–56) 51 (38–56) 0.08

Height, inches 69 (67–71) 69 (65–71) 0.15

BMI kg/m2 25.7 (22.7–29.8) 26.8 (24.0–31.4) 0.21

Pack years
c 12.0 (0–31.5) 3.2 (0–16.0) 0.007

CD4 count
d 596 (418–867) -- --

HIV viral load
e 416 (116–4910) -- --

Post-bronchodilator FEV1, liter 2.8 (2.3–3.5) 3.0 (2.4–3.5) 0.21

Post-bronchodilator FEV1% 87 (74–99) 93 (82–104) 0.02

Post-bronchodilator FVC, liter 3.6 (3.0–4.3) 3.8 (3.1–4.3) 0.17

Post-bronchodilator FVC% 86 (76–96) 90 (84–101) 0.002

Post-bronchodilator FEV1/FVC% 81 (76–84) 81 (78–84) 0.82

DLCO % 74 (66–82) 84 (76–93) <0.001

HBsAg: hepatitis B virus surface antigen; HCV Ab: hepatitis C virus antibody; PCP: Pneumocystis carinii pneumonia; BMI: body-mass index; 
ART: antiretroviral therapy; FEV1: forced expiratory volume in 1 second; FVC: forced expiratory capacity; DLCO; diffusing capacity for carbon 

monoxide

a
Using t-tests (for continuous variables) or Chi-square or Fisher’s exact tests as appropriate (categorical variables)
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b
Ever smokers reported lifetime history of smoking >100 cigarettes

c
Amongst ever smokers

d
Among n=134 participants with available CD4 T cell data

e
In 31 patients with detectable VL.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2022 October 26.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kuniholm et al. Page 15

Ta
b

le
 2

.

A
ss

oc
ia

tio
ns

 o
f 

C
D

4 
T

 c
el

l p
he

no
ty

pe
s 

w
ith

 p
ul

m
on

ar
y 

fu
nc

tio
n 

m
ea

su
re

s,
 H

IV
-p

os
iti

ve
 p

ar
tic

ip
an

ts
 (

n=
13

3 
w

ith
 p

re
-;

 n
=

13
1 

w
ith

 p
os

t-
)a,

 b
, c

, d

F
E

V
1

F
V

C
F

E
V

1/
F

V
C

D
L

C
O

P
re

-F
E

V
1%

P
os

t-
F

E
V

1%
P

re
-F

V
C

%
P

os
t-

F
V

C
%

P
re

-F
E

V
1/

F
V

C
P

os
t-

F
E

V
1/

F
V

C
D

L
C

O
%

D
if

fe
re

nt
ia

tio
n

%
 N

aï
ve

0.
08

0.
06

0.
11

0.
08

0.
03

0.
01

−
0.

03

%
 C

M
−

0.
04

−
0.

03
−

0.
07

−
0.

08
0.

06
0.

08
0.

08

%
 E

M
−

0.
01

0.
02

−
0.

07
−

0.
02

0.
01

0.
05

−
0.

01

%
 T

E
M

R
A

−
0.

07
−

0.
06

−
0.

08
−

0.
04

−
0.

02
−

0.
03

−
0.

04

A
ct

iv
at

io
n 

Pr
of

ile
s

%
 C

D
38

−
 &

 H
L

A
-D

R
−

−
0.

15
−

0.
12

−0
.1

9 
*

−
0.

15
−

0.
06

−
0.

05
−

0.
03

%
 C

D
38

+
 &

 H
L

A
-D

R
−

0.
15

0.
13

0.
18

 *
0.

14
0.

07
0.

05
0.

04

%
 C

D
38

−
 &

 H
L

A
-D

R
+

−
0.

10
−

0.
09

−
0.

13
−

0.
09

0.
00

2
−

0.
00

1
−

0.
12

%
 C

D
38

+
 &

 H
L

A
-D

R
+

−
0.

01
0.

00
2

−
0.

02
−

0.
01

0.
03

0.
05

−
0.

05

In
fl

am
m

at
io

n/
E

xh
au

st
io

n 
Pr

of
ile

s

%
 P

D
1−

 &
 C

D
69

−
−

0.
13

−
0.

14
−

0.
15

−
0.

15
−

0.
08

−
0.

10
−

0.
05

%
 P

D
1+

 &
 C

D
69

−
0.

14
0.

16
0.

16
0.

17
 *

0.
10

0.
11

0.
03

%
 P

D
1−

 &
 C

D
69

+
0.

03
0.

02
0.

08
0.

03
−

0.
01

0.
01

0.
01

%
 P

D
1+

 &
 C

D
69

+
0.

11
0.

11
0.

13
0.

11
0.

08
0.

11
−

0.
03

Se
ne

sc
en

ce
 P

ro
fi

le
s

%
 C

D
57

−
 &

 C
D

28
−

−
0.

08
−

0.
07

−
0.

10
−

0.
06

−
0.

06
−

0.
08

−
0.

05

%
 C

D
57

+
 &

 C
D

28
−

−
0.

07
−

0.
06

−
0.

09
−

0.
05

−
0.

04
−

0.
05

0.
03

%
 C

D
57

−
 &

 C
D

28
+

0.
08

0.
06

0.
09

0.
02

0.
05

0.
08

−
0.

03

%
 C

D
57

+
 &

 C
D

28
+

−
0.

05
−

0.
03

−
0.

11
−

0.
06

−
0.

01
−

0.
02

0.
00

FE
V

1:
 f

or
ce

d 
ex

pi
ra

to
ry

 v
ol

um
e 

in
 1

 s
ec

on
d;

 F
V

C
: f

or
ce

d 
vi

ta
l c

ap
ac

ity
; D

L
C

O
; d

if
fu

si
ng

 c
ap

ac
ity

 f
or

 c
ar

bo
n 

m
on

ox
id

e;
 C

M
: c

en
tr

al
 m

em
or

y;
 E

M
: e

ff
ec

to
r 

m
em

or
y;

 T
E

M
R

A
: t

er
m

in
al

ly
 d

if
fe

re
nt

ia
te

d 

ef
fe

ct
or

 m
em

or
y

a Pe
rc

en
t-

pr
ed

ic
te

d 
lu

ng
 f

un
ct

io
n 

w
as

 d
et

er
m

in
ed

 u
si

ng
 p

re
di

ct
ed

 v
al

ue
s 

fr
om

 N
H

A
N

E
S 

II
I.

22

b C
D

4 
T

 c
el

l p
he

no
ty

pe
s 

w
er

e 
ch

ec
ke

d 
fo

r 
no

rm
al

ity
 a

nd
 n

or
m

al
iz

ed
 w

ith
 s

qu
ar

e 
ro

ot
 o

r 
na

tu
ra

l l
og

 tr
an

sf
or

m
s 

as
 a

pp
ro

pr
ia

te

c Pe
rc

en
t-

pr
ed

ic
te

d 
lu

ng
 f

un
ct

io
n 

m
ea

su
re

s 
w

er
e 

an
al

yz
ed

 f
or

 a
ss

oc
ia

tio
ns

 w
ith

 T
 c

el
l p

he
no

ty
pe

s 
us

in
g 

lin
ea

r 
re

gr
es

si
on

 m
od

el
s 

w
ith

 a
dj

us
tm

en
t f

or
 H

B
V

 in
fe

ct
io

n 
(a

nt
i-

H
B

c/
H

B
sA

g)
, H

C
V

 in
fe

ct
io

n 
(a

nt
i-

H
C

V
+

 &
 H

C
V

 R
N

A
+

),
 s

m
ok

in
g 

pa
ck

-y
ea

rs
, b

od
y-

m
as

s 
in

de
x 

(B
M

I)
, h

is
to

ry
 o

f 
m

ar
iju

an
a,

 c
ra

ck
 c

oc
ai

ne
 a

nd
 in

je
ct

io
n 

dr
ug

 u
se

 a
nd

 h
is

to
ry

 o
f 

tu
be

rc
ul

os
is

, p
ne

um
on

ia
 o

r 
tr

ea
tm

en
t f

or
 p

ne
um

oc
ys

tis
 

ca
ri

ni
i p

ne
um

on
ia

 (
PC

P)
, c

ur
re

nt
 A

R
T

 u
se

, C
D

4 
T

 c
el

l c
ou

nt
 a

nd
 H

IV
 v

ir
em

ia
 s

ta
tu

s.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2022 October 26.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kuniholm et al. Page 16
d St

an
da

rd
iz

ed
 b

et
a 

co
ef

fi
ci

en
ts

 a
re

 p
re

se
nt

ed
 f

or
 e

ac
h 

lin
ea

r 
re

gr
es

si
on

 a
na

ly
si

s 
be

ca
us

e 
th

e 
va

ri
ab

ili
ty

 (
e.

g.
, i

nt
er

qu
ar

til
e 

ra
ng

e 
(I

Q
R

))
 o

f 
C

D
4 

T
 c

el
l p

he
no

ty
pe

s 
w

as
 h

et
er

og
en

eo
us

 (
Su

pp
le

m
en

ta
ry

 T
ab

le
 

1)
.

* =
 0

.0
1 

≤ 
P 

<
 0

.0
5

§ =
 0

.0
01

 ≤
 P

 <
 0

.0
1

† =
 P

 <
 0

.0
01

‡ P 
<

 B
on

fe
rr

on
i s

ig
ni

fi
ca

nc
e 

th
re

sh
ol

d 
of

 P
=

0.
05

/1
12

 h
yp

ot
he

si
s 

te
st

s

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2022 October 26.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kuniholm et al. Page 17

Ta
b

le
 3

.

A
ss

oc
ia

tio
ns

 o
f 

C
D

8 
T

 c
el

l p
he

no
ty

pe
s 

w
ith

 p
ul

m
on

ar
y 

fu
nc

tio
n 

m
ea

su
re

s,
 H

IV
-p

os
iti

ve
 p

ar
tic

ip
an

ts
 (

n=
13

3 
w

ith
 p

re
-;

 n
=

13
1 

w
ith

 p
os

t-
)a,

 b
, c

, d

F
E

V
1

F
V

C
F

E
V

1/
F

V
C

D
L

C
O

P
re

-F
E

V
1%

P
os

t-
F

E
V

1%
P

re
-F

V
C

%
P

os
t-

F
V

C
%

P
re

-F
E

V
1/

F
V

C
P

os
t-

F
E

V
1/

F
V

C
D

L
C

O
%

D
if

fe
re

nt
ia

tio
n

%
 N

aï
ve

−
0.

02
−

0.
06

0.
02

−
0.

03
0.

03
0.

00
8

−
0.

03

%
 C

M
0.

06
0.

05
0.

03
−

0.
00

5
0.

04
0.

07
−

0.
06

%
 E

M
0.

14
0.

16
0.

06
0.

07
0.

13
0.

15
0.

03

%
 T

E
M

R
A

−
0.

10
−

0.
06

−
0.

04
0.

02
−

0.
12

−
0.

11
−

0.
01

A
ct

iv
at

io
n 

Pr
of

ile
s

%
 C

D
38

−
 &

 H
L

A
-D

R
−

−
0.

07
−

0.
04

−
0.

13
−

0.
10

−
0.

03
0.

00
8

0.
01

%
 C

D
38

+
 &

 H
L

A
-D

R
−

−
0.

10
0.

04
0.

14
0.

06
0.

05
0.

03
−

0.
03

%
 C

D
38

−
 &

 H
L

A
-D

R
+

−0
.3

0 
§

−
0.

26
§

−0
.3

0 
§

−0
.2

1 
*

−0
.1

8 
*

−0
.2

0 
*

−
0.

11

%
 C

D
38

+
 &

 H
L

A
-D

R
+

−
0.

14
−

0.
11

−
0.

09
−

0.
02

−
0.

12
−

0.
14

−
0.

09

E
xh

au
st

io
n 

Pr
of

ile
s

%
 P

D
1−

 &
 C

D
69

−
−

0.
05

−
0.

09
−

0.
08

−
0.

14
0.

00
8

0.
00

5
−

0.
01

%
 P

D
1+

 &
 C

D
69

−
0.

07
0.

12
0.

10
0.

17
−

0.
01

−
0.

02
0.

01

%
 P

D
1−

 &
 C

D
69

+
−

0.
11

−
0.

12
−

0.
06

−
0.

04
−

0.
12

−
0.

15
−

0.
09

%
 P

D
1+

 &
 C

D
69

+
−

0.
02

−
0.

00
4

0.
02

0.
05

−
0.

07
−

0.
08

−
0.

11

Se
ne

sc
en

ce
 P

ro
fi

le
s

%
 C

D
57

−
 &

 C
D

28
−

−
0.

06
−

0.
06

−
0.

01
0.

01
−

0.
07

−
0.

12
−

0.
07

%
 C

D
57

+
 &

 C
D

28
−

0.
11

0.
12

0.
10

0.
12

0.
02

0.
03

0.
00

1

%
 C

D
57

−
 &

 C
D

28
+

−
0.

07
−

0.
08

−
0.

05
−

0.
09

−
0.

02
−

0.
00

9
0.

02

%
 C

D
57

+
 &

 C
D

28
+

−
0.

05
0.

03
−

0.
11

0.
00

1
0.

04
0.

04
0.

06

FE
V

1:
 f

or
ce

d 
ex

pi
ra

to
ry

 v
ol

um
e 

in
 1

 s
ec

on
d;

 F
V

C
: f

or
ce

d 
vi

ta
l c

ap
ac

ity
; D

L
C

O
; d

if
fu

si
ng

 c
ap

ac
ity

 f
or

 c
ar

bo
n 

m
on

ox
id

e;
 C

M
: c

en
tr

al
 m

em
or

y;
 E

M
: e

ff
ec

to
r 

m
em

or
y;

 T
E

M
R

A
: t

er
m

in
al

ly
 d

if
fe

re
nt

ia
te

d 

ef
fe

ct
or

 m
em

or
y

a Pe
rc

en
t-

pr
ed

ic
te

d 
lu

ng
 f

un
ct

io
n 

w
as

 d
et

er
m

in
ed

 u
si

ng
 p

re
di

ct
ed

 v
al

ue
s 

fr
om

 N
H

A
N

E
S 

II
I.

22

b C
D

8 
T

 c
el

l p
he

no
ty

pe
s 

w
er

e 
ch

ec
ke

d 
fo

r 
no

rm
al

ity
 a

nd
 n

or
m

al
iz

ed
 w

ith
 s

qu
ar

e 
ro

ot
 o

r 
na

tu
ra

l l
og

 tr
an

sf
or

m
s 

as
 a

pp
ro

pr
ia

te

c Pe
rc

en
t-

pr
ed

ic
te

d 
lu

ng
 f

un
ct

io
n 

m
ea

su
re

s 
w

er
e 

an
al

yz
ed

 f
or

 a
ss

oc
ia

tio
ns

 w
ith

 T
 c

el
l p

he
no

ty
pe

s 
us

in
g 

lin
ea

r 
re

gr
es

si
on

 m
od

el
s 

w
ith

 a
dj

us
tm

en
t f

or
 H

B
V

 in
fe

ct
io

n 
(a

nt
i-

H
B

c/
H

B
sA

g)
, H

C
V

 in
fe

ct
io

n 
(a

nt
i-

H
C

V
+

 &
 H

C
V

 R
N

A
+

),
 s

m
ok

in
g 

pa
ck

-y
ea

rs
, b

od
y-

m
as

s 
in

de
x 

(B
M

I)
, h

is
to

ry
 o

f 
m

ar
iju

an
a,

 c
ra

ck
 c

oc
ai

ne
 a

nd
 in

je
ct

io
n 

dr
ug

 u
se

 a
nd

 h
is

to
ry

 o
f 

tu
be

rc
ul

os
is

, p
ne

um
on

ia
 o

r 
tr

ea
tm

en
t f

or
 p

ne
um

oc
ys

tis
 

ca
ri

ni
i p

ne
um

on
ia

 (
PC

P)
, c

ur
re

nt
 A

R
T

 u
se

, C
D

4 
T

 c
el

l c
ou

nt
 a

nd
 H

IV
 v

ir
em

ia
 s

ta
tu

s.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2022 October 26.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kuniholm et al. Page 18
d St

an
da

rd
iz

ed
 b

et
a 

co
ef

fi
ci

en
ts

 a
re

 p
re

se
nt

ed
 f

or
 e

ac
h 

lin
ea

r 
re

gr
es

si
on

 a
na

ly
si

s 
be

ca
us

e 
th

e 
va

ri
ab

ili
ty

 (
e.

g.
, i

nt
er

qu
ar

til
e 

ra
ng

e 
(I

Q
R

))
 o

f 
C

D
4 

T
 c

el
l p

he
no

ty
pe

s 
w

as
 h

et
er

og
en

eo
us

 (
Su

pp
le

m
en

ta
ry

 T
ab

le
s 

1)
.

* =
 0

.0
1 

≤ 
P 

<
 0

.0
5

§ =
 0

.0
01

 ≤
 P

 <
 0

.0
1

† =
 P

 <
 0

.0
01

‡ P 
<

 B
on

fe
rr

on
i s

ig
ni

fi
ca

nc
e 

th
re

sh
ol

d 
of

 P
=

0.
05

/1
12

 h
yp

ot
he

si
s 

te
st

s

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2022 October 26.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kuniholm et al. Page 19

Ta
b

le
 4

.

A
ss

oc
ia

tio
ns

 o
f 

m
on

oc
yt

e 
su

bs
et

s 
w

ith
 p

ul
m

on
ar

y 
fu

nc
tio

n 
m

ea
su

re
s,

 H
IV

-p
os

iti
ve

 p
ar

tic
ip

an
ts

 (
n=

14
4 

w
ith

 p
re

-;
 n

=
14

2 
w

ith
 p

os
t-

)a,
 b

, c
, d

F
E

V
1

F
V

C
F

E
V

1/
F

V
C

D
L

C
O

P
re

-F
E

V
1%

P
os

t-
F

E
V

1%
P

re
-F

V
C

%
P

os
t-

F
V

C
%

P
re

-F
E

V
1/

F
V

C
P

os
t-

F
E

V
1/

F
V

C
D

L
C

O

M
on

oc
yt

e 
su

bs
et

s

%
 C

la
ss

ic
al

0.
02

0.
10

0.
06

0.
12

−
0.

06
−

0.
02

0.
08

%
 I

nt
er

m
ed

ia
te

−
0.

03
−

0.
08

−
0.

05
−

0.
10

0.
09

0.
06

−0
.1

8 
*

%
 N

on
-C

la
ss

ic
al

−
0.

00
8

0.
04

−
0.

08
−

0.
10

0.
13

0.
12

−
0.

13

C
el

l r
ec

ru
itm

en
t &

 m
ig

ra
tio

n 
m

ar
ke

rs

C
la

ss
ic

al
%

C
D

11
b+

0.
30

 §
0.

13
0.

17
−

0.
09

0.
36

†,
‡

0.
31

†,
‡

−0
.2

1 
*

%
C

X
3C

R
1+

−0
.2

8 
§

−0
.2

2 
*

−0
.2

6 
§

−
0.

15
−0

.2
3§

−0
.2

1 
*

−
0.

00
7

In
te

rm
ed

ia
te

%
C

D
11

b+
−

0.
15

−
0.

15
−

0.
15

−
0.

10
−

0.
16

−0
.1

9 
*

−
0.

15

%
C

X
3C

R
1+

0.
02

0.
00

4
0.

02
0.

00
1

0.
02

0.
00

8
−

0.
00

4

N
on

-c
la

ss
ic

al
%

C
D

11
b+

0.
05

0.
06

0.
10

0.
10

−
0.

05
−

0.
04

0.
10

%
C

X
3C

R
1+

−
0.

11
−

0.
10

−
0.

10
−

0.
06

−
0.

16
−0

.1
9 

*
−

0.
13

FE
V

1:
 f

or
ce

d 
ex

pi
ra

to
ry

 v
ol

um
e 

in
 1

 s
ec

on
d;

 F
V

C
: f

or
ce

d 
vi

ta
l c

ap
ac

ity
; D

L
C

O
; d

if
fu

si
ng

 c
ap

ac
ity

 f
or

 c
ar

bo
n 

m
on

ox
id

e

a Pe
rc

en
t-

pr
ed

ic
te

d 
lu

ng
 f

un
ct

io
n 

w
as

 d
et

er
m

in
ed

 u
si

ng
 p

re
di

ct
ed

 v
al

ue
s 

fr
om

 N
H

A
N

E
S 

II
I.

22

b M
on

oc
yt

e 
ph

en
ot

yp
es

 w
er

e 
ch

ec
ke

d 
fo

r 
no

rm
al

ity
 a

nd
 n

or
m

al
iz

ed
 w

ith
 s

qu
ar

e 
ro

ot
 o

r 
na

tu
ra

l l
og

 tr
an

sf
or

m
s 

as
 a

pp
ro

pr
ia

te

c Pe
rc

en
t-

pr
ed

ic
te

d 
lu

ng
 f

un
ct

io
n 

m
ea

su
re

s 
w

er
e 

an
al

yz
ed

 f
or

 a
ss

oc
ia

tio
ns

 w
ith

 m
on

oc
yt

e 
ph

en
ot

yp
es

 u
si

ng
 li

ne
ar

 r
eg

re
ss

io
n 

m
od

el
s 

w
ith

 a
dj

us
tm

en
t f

or
 H

B
V

 in
fe

ct
io

n 
(a

nt
i-

H
B

c/
H

B
sA

g)
, H

C
V

 in
fe

ct
io

n 
(a

nt
i-

H
C

V
+

 &
 H

C
V

 R
N

A
+

),
 s

m
ok

in
g 

pa
ck

-y
ea

rs
, b

od
y-

m
as

s 
in

de
x 

(B
M

I)
, h

is
to

ry
 o

f 
m

ar
iju

an
a,

 c
ra

ck
 c

oc
ai

ne
 a

nd
 in

je
ct

io
n 

dr
ug

 u
se

 a
nd

 h
is

to
ry

 o
f 

tu
be

rc
ul

os
is

, p
ne

um
on

ia
 o

r 
tr

ea
tm

en
t f

or
 p

ne
um

oc
ys

tis
 

ca
ri

ni
i p

ne
um

on
ia

 (
PC

P)
, c

ur
re

nt
 A

R
T

 u
se

, C
D

4 
T

 c
el

l c
ou

nt
 a

nd
 H

IV
 v

ir
em

ia
 s

ta
tu

s.

d St
an

da
rd

iz
ed

 b
et

a 
co

ef
fi

ci
en

ts
 a

re
 p

re
se

nt
ed

 f
or

 e
ac

h 
lin

ea
r 

re
gr

es
si

on
 a

na
ly

si
s 

be
ca

us
e 

th
e 

va
ri

ab
ili

ty
 (

e.
g.

, i
nt

er
qu

ar
til

e 
ra

ng
e 

(I
Q

R
))

 o
f 

C
D

4 
T

 c
el

l p
he

no
ty

pe
s 

w
as

 h
et

er
og

en
eo

us
 (

Su
pp

le
m

en
ta

ry
 T

ab
le

 
3)

.

* =
 0

.0
1 

≤ 
P 

<
 0

.0
5

§ =
 0

.0
01

 ≤
 P

 <
 0

.0
1

† =
 P

 <
 0

.0
01

‡ P 
<

 B
on

fe
rr

on
i s

ig
ni

fi
ca

nc
e 

th
re

sh
ol

d 
of

 P
=

0.
05

/6
3 

hy
po

th
es

is
 te

st
s

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2022 October 26.


	Abstract
	INTRODUCTION
	METHODS
	Study participants
	Data collection
	Pulmonary function testing
	Flow cytometry
	Statistical analysis

	RESULTS
	Study participant characteristics
	Associations of CD4 T cell phenotypes with lung function measures
	Associations of CD8 T cell phenotypes with lung function measures
	Associations of monocyte phenotypes with lung function measures
	Effect modification by immune status of monocyte phenotype associations

	DISCUSSION
	References
	Table 1.
	Table 2.
	Table 3.
	Table 4.

