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ABSTRACT 

Background: HIV can infect bronchial epithelial cells rendering individuals 

susceptible to lung damage. Our objective was to determine the effects of human 

immunodeficiency virus (HIV) infection on pulmonary function tests.  

Methods: We performed a meta-analysis after conducting a literature search in 

PubMed, Embase, Cochrane Library and Virtual Health Library databases from 

inception to December 31th, 2022. We employed the inverse variance method 

with a random effects model to calculate the effect estimate as the mean 

difference (MD) and 95% confidence interval (CI). We calculated the 

heterogeneity with the I2 statistic and performed a meta-regression analysis by 

age, sex, smoking, CD4 T-cells count and antiretroviral therapy. We also 

conducted a sensitivity analysis according to the studies´ publication date, and 

excluding the study with the greatest weight in the effect. The PROSPERO 

registry number was CRD42023401105. 

Results: The meta-analysis included 20 studies, with 7,621 living with HIV and 

7,410 control participants. The pooled MD (95%CI) for the predicted percentage 

of FEV1, FVC and DLCO were -3.12 (-5.17, -1.06); p=0.003, -1.51 (-3.04, 0.02); 

p=0.05, and -5.26 (-6.64, -3.87); p<0.001, respectively. The pooled MD for 

FEV1/FVC was -0.01 (-0.02, -0.01); p=0.002. In all cases, there was a 

considerable heterogeneity. The meta-regression analysis showed that among 

studies heterogeneity was not explained by patient age, smoking, CD4 T-cells 

count or antiretroviral therapy. 

Conclusion: Pulmonary function tests are impaired in people living with HIV, 

independently of age, smoking, CD4 T-cells count, and geographical region.  
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INTRODUCTION 1 

Human immunodeficiency virus (HIV) infection is a major health public problem 2 

worldwide. In 2021, it was estimated that 38.4 million people lived with HIV 3 

(PLWH), 1.5 million acquired HIV, and 650,000 died from HIV-related causes [1]. 4 

HIV is a retrovirus that attacks the immune system causing a depletion of CD4 T 5 

lymphocytes, and favoring the appearance of opportunistic infections and 6 

neoplasms. 7 

 8 

It has been suggested that the lung might serve as an anatomical HIV reservoir 9 

[2]. HIV can infect bronchial epithelial cells rendering individuals susceptible to 10 

lung damage. HIV can also infect alveolar macrophages impairing phagocytosis 11 

and immune response to pathogens, and leading to HIV persistence in lungs [3]. 12 

 13 

From detection of the first case of acquired immunodeficiency syndrome in 1982, 14 

Pneumocysis jirovecii pneumonia, tuberculosis and other lung infections were 15 

frequent in PLWH [4]. Later, several studies have reported that lung diseases as 16 

airflow limitation, emphysema and respiratory infections are associated with HIV 17 

infection [5-7]. In the combination antiretroviral therapy era, comorbid lung 18 

diseases are important determinants of morbidity and mortality in PLWH [8]. A 19 

recent meta-analysis estimated a prevalence of chronic obstructive pulmonary 20 

disease (COPD) of approximately 10.6% in PLWH, and a multicenter cohort study 21 

observed that PLWH have faster lung function decline than matched population 22 

controls [9,10]. However, research on lung function in PLWH has shown 23 

controversial results. 24 

 25 

Therefore, we performed a meta-analysis to investigate the effects of HIV 26 

infection on pulmonary function comparing lung function tests between PLWH 27 

and uninfected controls. 28 

 29 

 30 
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STUDY DESIGN AND METHODS 31 

We designed this meta-analysis to determine, in PLWH, the changes on the 32 

following parameters of pulmonary function test: forced expiratory volume in 1 33 

second (FEV1), forced vital capacity (FVC), FEV1/FVC ratio, and diffusion 34 

capacity of the lung for carbon monoxide (DLCO). 35 

 36 

We recorded the protocol for this meta-analysis in the PROSPERO registry 37 

(number CRD42023401105) and conducted according to the guidelines of the 38 

Meta-analysis of Observational Studies in Epidemiology (MOOSE) group. 39 

 40 

Data sources and search strategy 41 

We performed a systematic search in PubMed, EMBASE, the Cochrane Library 42 

and Virtual Health Library databases from their inception to December 31st, 2022. 43 

The search strategy in PubMed, the Cochrane Library and the Virtual Health 44 

Library was “lung function test AND (human immunodeficiency virus OR acquired 45 

immune deficiency syndrome)” and in EMBASE “(´lung function test´/exp OR 46 

´lung function test´) AND (´human immunodeficiency virus´/exp OR ´human 47 

immunodeficiency virus´ OR ´acquired immune deficiency syndrome´/exp OR 48 

´acquired immune deficiency syndrome´)”. We performed an additional search in 49 

ResearchGate and GoogleScholar, and screened manually the reference lists of 50 

the selected articles to find more studies. 51 

 52 

Study selection and quality assessment 53 

To be included in this review, the studies had to meet the following inclusion 54 

criteria: 55 

(i) Presence of a PLWH group and a control group without HIV infection. 56 

(ii) Provide values either of FEV1, FVC, DLCO and/or FEV1/FVC ratio for both 57 

groups. 58 

 59 
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The exclusion criteria were studies including patients with active tuberculosis, 60 

studies that did not report data on mean and standard deviation or its calculation 61 

was not possible. When two studies referred to the same population, in the same 62 

period and showed overlapping data, we selected the most recent study for 63 

inclusion. There was no language restriction.  64 

 65 

Both authors reviewed the titles and abstracts of the articles, and recovered the 66 

studies that met the inclusion criteria and those with abstracts that lacked crucial 67 

information to evaluate the full text. Any disagreement was resolved by 68 

consensus. 69 

 70 

We independently assessed the risk of bias of all the studies included using the 71 

Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies 72 

(National Heart, Lung, and Blood Institute at the National Institutes of Health, 73 

USA), available from https://www.nhlbi.nih.goov/health-topics/study-quality-74 

assessment-tools. 75 

 76 

Data synthesis and statistical analysis 77 

From each included study, we extracted the following information; first author, 78 

year of publication, country, sample size, age, sex, tobacco use, mean/median 79 

CD4 (cell/µL), and use of antiretroviral therapy. The extracted results were FEV1 80 

(liters, L), percentage of predicted (%) FEV1, FVC (L), %FVC, FEV1/FVC ratio, 81 

%DLCO, DLCO (mL/min/mmHg). Whenever the PLWH or control group were 82 

divided into subgroups, a pooled mean and standard deviation for these 83 

combined subgroups was calculated. When studies reported data as median and 84 

interquartile range, we calculated the mean and standard deviation with the Wan 85 

et al method [11]. 86 

 87 

We performed the statistical analysis using Review Manager version 5.4.1 88 

(Cochrane Collaboration, Baltimore, Maryland, USA) and Open/Meta[Analyst] 89 

(Brown University). The results are expressed as mean differences (MD) with 90 

https://www.nhlbi.nih.goov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.goov/health-topics/study-quality-assessment-tools
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95% confidence intervals (CI). Throughout the analysis, we applied the inverse 91 

variance method with a random effects model. We employed the tau squared and 92 

I squared (I2) statistics to assess the heterogeneity and inconsistency among the 93 

studies. Data with p≥0.10 and I2≤50% were defined as low heterogeneity. We 94 

evaluated the publication bias with a funnel plot. We planned a subgroup analysis 95 

and meta-regression according to age, sex, geographical region, tobacco use, 96 

CD4 T-cells count and antiretroviral therapy. We performed a sensitivity analysis 97 

by calculating the effect estimates according to publication date, and by 98 

eliminating conference proceedings and the study with the greatest weight on the 99 

effect. We established two categories of publication year, before and after year 100 

1996, year of introduction of the high intensity antiretroviral therapy. 101 

 102 

RESULTS 103 

Study selection and characteristics 104 

We identified 1,776 records. Figure 1 shows the study selection flowchart. Our 105 

initial search strategy produced 1,761 articles. With the manual search of the 106 

reference lists and the additional search in GoogleScholar and ResearchGate, 107 

we added 15 papers. After eliminating the duplicated and irrelevant articles, we 108 

were left with 82 articles. We excluded 62 articles for the following reasons: one 109 

had no control group, 37 provided insufficient numerical data to be included in 110 

the meta-analysis, 21 presented overlapping data, two were comments and 111 

editorials, and one was a posted not peer-reviewed draft. Ultimately, we included 112 

20 studies in the meta-analysis [12-31], a clinical trial, 6 cohort studies and 13 113 

cross-sectional ones. 114 

 115 

We report the characteristics of the included studies in table 1. They were 116 

published between 1992 and 2022. All studies were written in English, and after 117 

the quality assessment, were classified as good. The inter-rater agreement was 118 

full. A total of 15,031 participants were included, 7,621 in the PLWH group and 119 

7,410 in the control group. The age range of participants was 12-56 years, and 120 

31.9% were women. 121 

 122 
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 123 

Pulmonary function tests 124 

A total of 15 studies included data on %FEV1, and 12 included data on FEV1(L). 125 

The pooled effect estimates for PLWH were -3.12 (95%CI -5.17 to -1.06; 126 

p=0.003) for %FEV1 and -0.19 (95%CI -0.29 to -0.06; p<0.001) for FEV1(L). 127 

 128 

Twelve studies included data on %FVC, and eleven included data on FVC(L). 129 

The pooled estimates for PLWH were -1.51 (95%CI -3.04 to 0.02; p=0.05) for 130 

%FVC and -0.17 (95%CI -0.26 to -008; p<0.001) for FVC(L). 131 

 132 

A total of 15 studies included data on the FEV1/FVC ratio. The pooled effect 133 

estimate for PLWH was -0.01 (95%CI -0.02 to -0.01; p=0.002). 134 

 135 

Six studies included data on %DLCO, and three included data on DLCO 136 

(mL/min/mmHg). The pooled effect estimates for PLWH were -5.26 (95%CI -6.64 137 

to -3.87; p<0.001) for %DLCO and -1.78 (95%CI -1.87 to -1.69; p<0.001 for 138 

DLCO(mL/min/mmHg). 139 

 140 

Figures 2-5 show the comparison forest plots for %FEV1, %FVC, FEV1/FVC ratio, 141 

and %DLCO, and e-Figures 1-3 for FEV1(L), FVC(L) and DLCO(mL/min/mmHg), 142 

respectively. There was significant heterogeneity for all parameters of the 143 

pulmonary function tests (I2 65-100%). 144 

 145 

Subgroup analysis 146 

Table 2 present the pre-specified subgroup analysis for %FEV1, %FVC, 147 

FEV1/FVC ratio, and %DLCO, and e-Table 1 for FEV1(L), FVC(L) and 148 

DLCO(mL/min/mmHg), respectively. Sixteen studies were conducted in adults and 149 

two in children and adolescents. When we excluded from analysis the studies 150 

performed in children and adolescents the impairment of pulmonary function tests 151 

was similar. Two studies included exclusively men and one women. Another 152 
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study reported data differentiated by sex. However, we cannot perform a meta-153 

analysis.  154 

 155 

Sixteen studies included patients who smoked and those who did not, and two 156 

studies included exclusively nonsmokers. Another two studies did not report data 157 

on tobacco use. In one study, the prevalence of smoking was 0.48% and we 158 

considered it as nonsmoking in the analysis. There was heterogeneity between 159 

the groups; the effect estimate for PLWH who did not smoke presented a 160 

reduction in %FEV1, FEV1(L), and FVC(L), p≤0.01 for all, which was higher than 161 

in the other studies than included smokers and nonsmokers. However, there was 162 

a scarce number of studies in nonsmokers and with a limited number of 163 

participants. 164 

 165 

Six studies were conducted in Africa, 7 in America and 7 in Europe. We observed 166 

a high heterogeneity among the various continents in all pulmonary function tests. 167 

 168 

 169 

Sensitivity analysis and meta-regression 170 

When we performed an analysis separated by publication year, before and after 171 

1996, we observed the same abnormal pulmonary function test results. The same 172 

result occurred when we excluded the proceedings of congresses (table 3 for 173 

%FEV1, %FVC, FEV1/FVC ratio and %DLCO, and e-table 2 for FEV1(L), FVC(L) 174 

and DLCO(mL/min/mmHg)). The removal of the study with the greatest weight in 175 

each pulmonary function test did not change the results. 176 

 177 

The meta-regression analysis showed that the heterogeneity among the studies 178 

was not explained by patient age, smoking, CD4 T-cells count or antiretroviral 179 

therapy (e-Table 3). 180 

 181 

 182 
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Publication bias 183 

The funnel plots (e-Figure 4) showed asymmetry, indicating the presence of 184 

potential publication bias. 185 

 186 

 187 

DISCUSSION 188 

The results of our meta-analysis show that all pulmonary function tests were 189 

decreased in PLWH. This pulmonary function impairment in PLWH is also 190 

observed in nonsmokers and is independent of age, CD4 T-cells count and 191 

antiretroviral therapy. 192 

 193 

To our knowledge, this is the first meta-analysis on pulmonary function in PLWH. 194 

A previously published meta-analysis has focused on prevalence of COPD in 195 

PLWH [9]. It included 30 studies with 151,686 participants and the overall 196 

prevalence of COPD was higher in PLWH than in uninfected controls. Tobacco 197 

is a leading cause of lung damage. Worldwide, smoking prevalence among 198 

PLWH is higher than in HIV uninfected population [32]. Peculiarly, in our meta-199 

analysis, the impairment of pulmonary function remained when we included only 200 

those studies with nonsmoker patients. 201 

 202 

It is widely known that PLWH have more pulmonary diseases and infections, 203 

including pneumonia and tuberculosis [8]. The lung is a reservoir for HIV. DNA 204 

and RNA of HIV are present in alveolar macrophages in asymptomatic healthy 205 

PLWH with systemic viral suppression [33]. Besides, there are structural 206 

abnormalities in the lung of PLWH that could explain the abnormal pulmonary 207 

function test results. Lymphocytic alveolitis, with infiltration of CD4+ and CD8+ T-208 

cells, gamma-delta T-cells and B-cells, is present in untreated PLWH [34]. 209 

Computed tomographic examinations have detected emphysema and fibrosis-210 

like changes in PLWH that were significantly correlated with HIV viral load [35]. 211 

Interestingly, one study has shown a telomere shorthening of small airway 212 
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epithelial cells [36]. Inflammation and accelerated immune aging are both 213 

proposed to contribute to lung impairment in PLWH. 214 

 215 

A decrease in the FEV1/FVC ratio suggests that HIV may be a risk factor for 216 

airflow obstruction. This hypothesis is supported by the findings of a meta-217 

analysis by Bigna et al., which found that the prevalence of COPD is higher in 218 

PLWH than in the general population [9]. While a decrease in FEV1 indicates the 219 

presence of obstruction and a decrease in FVC indicates restriction, the 220 

simultaneous decline of both parameters could indicate an isolated restrictive 221 

pattern or a combined obstructive and restrictive pattern [27]. The presence of 222 

emphysema and fibrosis observed on computed tomography or lymphocytic 223 

alveolitis in lung biopsies of PLWH could explain these alterations. Alveolitis and 224 

fibrosis-like changes observed in lungs of PLWH can induce interstitial and 225 

vascular abnormalities that compromise the gas exchange. This would manifest 226 

as a reduction in DLCO. It has been suggested that HIV-induced inflammation 227 

could damage the small airways [27]. However, we did not find sufficient data on 228 

FEF25-75% to be included in this meta-analysis. 229 

 230 

Various immune and biochemical mechanisms have been proposed to explain 231 

the pulmonary damage observed in PLWH [2,37]. Alexandrova et al propose that 232 

pulmonary immune dysregulation maintains a proinflammatory environment 233 

optimal for HIV reservoir persistence [2].  Head et al, in a systematic review, 234 

described nine immune biomarkers with significant association with lung 235 

abnormality, including interleukin-6, tumor necrosis factor α, C-reactive protein, 236 

cathelicidin, soluble CD14, soluble CD163, interleukin-2 receptor α chain, 237 

endothelin-1, and CD4/CD8 ratio [37]. These findings suggest that inflammation, 238 

innate immune system, monocyte activation, endothelial dysfunction and general 239 

immune health could play a role in HIV-related pulmonary impairment. 240 

 241 

The functional impairment observed in PLWH for FEV1 and FVC appear modest 242 

but is approximately 180-190 mL. Similar differences, 100-150 mL, have been 243 
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considered significant in clinical trials with bronchodilators agents in patients with 244 

COPD [38]. Therefore, pulmonary function impairment in PLWH is relevant. 245 

Longitudinal studies have reported a reduction of DLCO over time, and recently, 246 

distinct longitudinal pulmonary function trajectories have been identified [39,40]. 247 

However, we think that prospective longitudinal studies are still needed to 248 

elucidate the progression of pulmonary impairment in PLWH.  249 

 250 

Heterogeneity is an important finding in our meta-analysis. There are several 251 

possible reasons for it. Firstly, there are differences in participants of studies. The 252 

mean age of individuals ranged from 12 to 56 years, the proportion of male 253 

included from 0 to 100%, the mean/median CD4 cell/µL count from 371 to 732 254 

and 52-100% PLWH toke antiretroviral therapy. Even there are differences in 255 

ethnicity of patients included in various studies conducted in United States. 256 

Secondly, we cannot rule out the influence of diverseness in lung function 257 

measurement methodology, i.e. equipment and reference equations. Also, the 258 

effect estimates of absolute lung function values not stratified by sex and age 259 

need to be interpreted with caution. Finally, the funnel plots were asymmetric 260 

suggesting a possible publication bias. The existence of not published small 261 

studies is the most frequent cause of asymmetry in a funnel plot. 262 

 263 

The lack of data on viremia and duration of HIV infection, and the scarce data 264 

about CD4 T-cells count and antiretroviral therapy are limitations of this study and 265 

the results of meta-regression should therefore be taken with caution and should 266 

be validated in future studies. In addition, surprisingly, we have not identified any 267 

study from Asian and south American countries. 268 

 269 

However, our study has some strengths. We applied the recommended MOOSE 270 

guideline for meta-analysis of observational studies. The literature research was 271 

exhaustive and comprehensive without language restrictions. We performed a 272 

sensitivity analysis, and the pulmonary function test impairment in PLWH were 273 

maintained when we differentiated them by study publication year, when we 274 
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excluded grey literature, and even when we excluded the study with the greatest 275 

weight, all of which reinforces the results of the meta-analysis. 276 

 277 

In conclusion, HIV infection is associated with pulmonary function impairment. 278 

However, further studies from all geographical areas are needed to corroborate 279 

these findings, and it is recommendable to include the pulmonary function tests 280 

as an additional outcome in clinical trials of new drugs for HIV infection. 281 

 282 

 283 

  284 
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MOOSE Checklist 285 

 286 

From:  Stroup DF, Berlin JA, Morton SC, et al (2000) Meta-analysis of observational 287 

studies in epidemiology: A proposal for reporting. JAMA 283:2008–2012. 288 

doi:10.1001/jama.283.15.2008.  289 
 290 
 291 

 Reported 
on page 

Comments 

Reporting of background should include 

Problem definition 2  

Hypothesis statement 2  

Description of study outcome(s) 3  

Type of exposure or intervention used 3  

Type of study designs used 3  

Study population 3,4  

Reporting of search strategy should include 

Qualifications of searchers (e.g. librarians and 
investigators) 

3  

Search strategy, including time period used in 
the synthesis and key words 

3  

Effort to include all available studies, including 
contact with authors 

  

Databases and registries searched 3  

Search software used, name and version, 
including special features used (e.g. explosion) 

 Not used 

Use of hand searching (e.g. reference lists of 
obtained articles) 

3  

List of citations located and those excluded, 
including justification 

5 See supplementary 
material 

Method of addressing articles published in 
languages other than English 

3  

Method of handling abstracts and 
unpublished studies 

 Not applicable 

Description of any contact with authors  Not applicable 

Reporting of methods should include 

Description of relevance or appropriateness of 
studies assembled for assessing the 
hypothesis to be tested 

4  
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Rationale for the selection and coding of data 
(e.g. sound clinical principles or convenience) 

4  

Documentation of how data were classified 
and coded (e.g. multiple raters, blinding and 
interrater reliability) 

4  

Assessment of confounding (e.g. 
comparability of cases and controls in studies 
where appropriate) 

4  

Assessment of study quality, including blinding 
of quality assessors, stratification or 
regression on possible predictors of study 
results 

4  

Assessment of heterogeneity 5  

Description of statistical methods (e.g. 
complete description of fixed or random 
effects models, justification of whether the 
chosen models account for predictors of study 
results, dose-response models, or cumulative 
meta-analysis) in sufficient detail to be 
replicated 

5  

Provision of appropriate tables and graphics 20-27 See tables and figures 

Reporting of results should include 

Graphic summarizing individual study 
estimates and overall estimate 

 Figures 2-5 and e1-e3 

Table giving descriptive information for each 
study included 

20 Table 1 

Results of sensitivity testing (e.g. subgroup 
analysis) 

7 Table 2 

Indication of statistical uncertainty of findings 7 Table 3 

Reporting of discussion should include 

Quantitative assessment of bias (e.g. 
publication bias) 

7  

Justification for exclusion (e.g. exclusion of 
non-English language citations) 

 Not applicable 

Assessment of quality of included studies 5  

Reporting of conclusions should include 

Consideration of alternative explanations for 
observed results 

9,10  
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Generalization of the conclusions (i.e. 
appropriate for the data presented and within 
the domain of the literature review) 

10  

Guidelines for future research 10  

Disclosure of funding source 10  

 292 

  293 
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Table 1. Characteristics of the included studies 

Ref Study 
Author, year 

Study type Country (continent) N (HIV/control) Age, years Sex (M/F) Current smokers 
(%) 

Mean/Median CD4 in HIV 
(cells/µL) 

ART (%) 

12 Backer, 1992 Cohort Denmark (Eu) 67 (51/16) 26-47 67/0 NR NR NR 

13 Rosen, 1995 Cohort USA (Am) 1294 (1127/167) NR 1123/171 54.1 NR NR 
14 Diaz, 2003 Cross-sectional USA (Am) 379 (327/52) 34.8 NR 53.8 371 NR 
15 Onyedum, 2010 Cross-sectional Nigeria (Af) 200 (100/100) 34.3 97/103 0 NR NR 
16 Madeddu, 2013 Cross-sectional Italy (Eu) 176 (111/65) 42.8 117/59 57.4 541 78.4 
17 Brown, 2017 Cross-sectional United Kingdom (Eu) 231 (157/74) 47.7 222/68 31.4 627 94 
18 Githinji, 2017 Cross-sectional South Africa (Af) 625 (515/110) 12 314/311 0.48 713 96.5 
19 Shearer, 2017 Cross-sectional USA (Am) 320 (188/132) 16 172/198a 7.8 634 NR 
20 Makinson, 2018 Clinical trial France (Eu) 1053 (351/702) 50 870/173 74.9 573 NR 
21 Triplette, 2018 Cohort USA (Am) 361 (196/165) 54 339/22 61 441 NR 
22 Besutti, 2019 Cross-sectional Italy (Eu) 220 (145/75) 54.0 175/54b 0 681 100 
23 Varkila, 2019 Cross-sectional South Africa (Af) 195 (82/113) 40.4 101/100 30.3 NR 82.1 
24 Raju, 2020 Cohort USA (Am) 1499 (465/1034) 49.5 1006/493 84.6 379 NR 
25 Van den Berg, 2020 Cross-sectional South Africa (Af) 531 (382/149) 38.0 203/328 20.0 485 74 
26 Thudium, 2021 Cohort Denmark (Eu) 4025 (1130/2895) 48.5 3235/790 21.1 732 NR 
27 Verboeket, 2021 Cohort Netherlands (Eu) 981 (500/481) 52.8 858/123 26.7 570 NR 
28 Wang, 2021 Cross-sectional USA (Am) 1489 (1062/427) NR 0/1489 NR NR NR 
29 Fink, 2022 Cross-sectional Nigeria (Af) 318 (170/148) ≥ 18 152/166 3.5 NR NR 
30 McNeill, 2022 Cross-sectional Uganda (Af) 278 (145/133) 52 148/130 15 NR 100 

31 Terry, 2022 Cross-sectional USA (Am) 789 (417/372) 56 789/0 23.8 715 92.2 

Af: Africa; Am: America; ART: antiretroviral therapy; Eu: Europe; HIV: human immunodeficiency virus; Ref: reference; USA: United States of America 
a50 patients without evaluable pulmonary function tests (PFTs); b14 patients without evaluable PFTs 
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Table 2. Subgroup analysis 

 %FEV1 %FVC 

 S P Effect estimate I2 S P Effect estimate I2 

Age 
C&A 
Adults 

 
2 

11 

 
92 

6251 

 
-3.6 (-10.99, -4,88) 
-3.48 (-5.23, -1.74) 

 
91% 
85% 

 
2 
8 

 
925 

4955 

 
-1.02 (-5.20, 3.16 

-2.06 (-4.10, -0.02) 

 
69% 
90% 

Male 
Female 

2 
1 

856 
1489 

-10.16 (-31.25, 10.93) 
-1.60 (-3.63, 0.43) 

96% 
NA 

1 
1 

789 
1309 

0.59 (-1.31, 2.49) 
-1.90 (-3.69, -0.11) 

NA 
NA 

No smokers 2 825 -7.63 (-9.83, -5.43) 0% 2 825 -7.73 (-17.04, 1.58) 95% 

Continent 
Africa 
America 
Europe 

 
3 
7 
5 

 
1321 
6131 
2497 

 
-4.40 (-10.25, 1.44) 

-0.33 (-3.04, 2.38) 
-6.96 (-10.83, -3.10) 

 
89% 
99% 
88% 

 
3 
7 
2 

 
1331 
6131 
1201 

 
-1.55 (-5.22, 2.13) 
-0,19 (-1.95, 1.57) 

-7.12 (-17.51, 3.27) 

 
76% 
97% 
97% 

 

 FEV1/FVC ratio(%) % DLCO 

 S P Effect estimate I2 S P Effect estimate I2 

Age 
C&A 
Adults 

 
1 

12 

 
605 

10703 

 
-0.04 (-0.05, -0.03) 
-0.02 (-0.03, 0.00)  

 
NA 

90% 

 
0 
5 

 
0 

3024 

 
- 

-5.29 (-6.85, -3.73) 

 
- 

93% 

Male 
Female 

1 
2 

97 
1592 

-0.02 (-0.04, 0.01) 
 

NA 
0%- 

1 
1 

789 
1489 

-1.60 (-3.58, 0.38) 
-5.00 (-7.00, -3.00) 

NA 
NA 

No smokers 3 1025 -0.02 (-0.04, 0.01) 90% 1 201 -5.33 (-8.38, -2.28) NA 

Continent 
Africa 
America 
Europe 

 
6 
3 
5 

 
2127 
4282 
6455 

 
-0.03 (-0.04, -0.01) 

0.00 (0.00, 0.01) 
-0.02 (-0.03, 0.01) 

 
78% 
23% 
90% 

 
0 
5 
1 

 
0 

3494 
201 

 
- 

-5.24 (-6.70, -3.83) 
-5.33 (-8.38, -2.28) 

 
- 

93% 
NA 

C&A: children and adolescents; DLCO: diffusion capacity of the lung for carbon monoxide; FEV1: forced expiratory 
volume in one second; FVC: forced vital capacity; NA: not applicable; P: participants; S: studies 

 

Table 3. Sensitivity analysis 

 %FEV1 %FVC 

 S P Effect estimate I2 S P Effect estimate I2 

Published after 1996 13 1598 -2.84 (-4.21, -1.46) 81% 11 7369 -1.86 (-3.41, -0.30) 87% 

Excluding conference 
proceedings 

14 3470 -3.25 (-5.40, -1.09) 98% 11 7174 -1.48 (-3.09, 0.13) 97% 

Excluding the highest 
weight study 

14 8665 -3.28 (-4.79, -1.78) 84% 11 7369 -1.86 (-3.41, -0.30) 87% 

 

 FEV1/FVC % DLCO 

 S P Effect estimate I2 S P Effect estimate I2 

Published after 1996 14 12797 -0.02 (-0.03, -0.01) 90% 5 3219 -4.96 (-7.56, -2.35) 90% 

Excluding conference 
proceedings 

13 8577 -0.02 (-0.03, -0.00) 94% 5 3024 -5.29 (-6.85, -3.73) 93% 

Excluding the highest 
weight study 

14 12979 -0.02 (-0.03, -0.01) 90% 5 3219 -4.96(-7.56, -3.35) 90% 

DLCO: diffusion capacity of the lung for carbon monoxide; FEV1: forced expiratory volume in one second; FVC: forced vital 
capacity; P: participants; S: studies 
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Figure legends 

 

Figure 1. Study selection flowchart. 

Figure 2. Forest plot of %FEV1. 

Figure 3. Forest plot of %FVC. 

Figure 4. Forest plot of FEV1/FVC ratio. 

Figure 5. Forest plot of %DLCO.  
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e-Figure 1. Forest plot of FEV1 (L). 
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e-Figure 2. Forest plot of FVC (L). 
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e-Figure 3. Forest plot of DLCO(mL/min/mmHg). 
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e-Figure 4. Funnel plots. 
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e-Table 1. Subgroup analysis 

 FEV1(L) FVC(L) DLCO(mL/min/mmHg) 

 S P Effect estimate I2 S P Effect estimate I2 S P Effect estimate I2 

Age 
C&A 
Adults 

 
1 

10 

 
605 

9370 

 
-0.30 (-0.40, -0.20) 
-0.19 (0.30, -0.09) 

 
NA 
88% 

 
1 
9 

 
625 

8318 

 
-0.20 (-0.32, -0-08) 
-0.18 (-0.30, -0.07) 

 
NA 

83% 

 
1 
2 

 
552 

2783 

 
-1.50 (-2.39, -0.61) 
-1,78 (1.87, -1.69) 

 
NA 

83% 

Male 
Female 

1 
1 

97 
103 

-0.09 (-0,33, 0,15) 
-0.49 (-0.63,-0.35) 

NA 
NA 

1 
1 

97 
103 

-0.40 (-0.65, -0.15) 
-0.51 (-0.66, -0.36) 

NA 
NA 

0 
1 

- 
1489 

- 
-1.20 (-1.68, -0.72) 

- 
NA 

No smokers 2 805 -0.36 (-0.49, -0.23) 59% 2 805 -0.32 (-0.16, -0.08) 85% 1 452 -1.50 (-2.39, -0.61) NA 

Continent 
Africa 
America 
Europe 

 
6 
2 
4 

 
2127 
2793 
6290 

 
-0.30 (-0.44, -0.16) 
-0.07 (-0.19, 0.04) 
-0.09 (-0.26, 0.08) 

 
83% 
88% 
91% 

 
6 
2 
3 

 
2127 
2793 
5237 

 
-0.26 (-0.40, -0.12) 
-0.11 (-0.22, 0.01) 
-0.05 (-0.26, 0.16) 

 
80% 
81% 
87% 

 
1 
2 
0 

 
552 

1965 
0 

 
-1.50 (-2.39, -0.61) 
-1.79 (-1.88, -1.70) 

- 

 
NA 

64% 
- 

C&A: children and adolescents; DLCO: diffusion capacity of the lung for carbon monoxide; FEV1: forced expiratory volume in one second; FVC: forced vital capacity; 
NA: not applicable; P: participants; S: studies 

 

e-Table 2. Sensitivity analysis 

 FEV1(L) FVC(L) DLCO(mL/min/mmHg) 

 S P Effect estimate I2 S P Effect estimate I2 S P Effect estimate I2 

Published after 1996 11 9975 -0.20 (-0.30, -0.11) 87% 10 8923 -0.19 (-0.29, 0.09) 81% 2 2041 -1.27 (-1.69, -0.85) 0% 

Excluding conference 
proceedings 

11 7244 -0.18 (-0.27, -0.08) 93% 10 6192 -0.17 (-0.27, -0.07) 88% 2 1846 -1.80 (-.89, -1.71) 0% 

Excluding the highest 
weight study 

11 9975 -0.20 (-0.30, -0.11) 87% 10 8923 -0.19 (-0.29, -0.09) 81% 2 2041 -1.27 (-1.69, -0.85) 0% 

DLCO: diffusion capacity of the lung for carbon monoxide; FEV1: forced expiratory volume in one second; FVC: forced vital capacity; P: participants; S: studies 
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e-Table 3. Univariate meta-regression analysis 

 Covariate Studies Coefficient 95%CI p 

%FEV1 

Mean or median age 12 0.034 -0.107, 0.176 0.636 

% male 14 -0.009 -0.101, 0.182 0.844 

% current smokers 13 0.027 -0.046, 0.101 0.468 

CD4 T-cell count 11 -0.007 -0.023, 0,009 0.408 

% ART 6 -0.233 -0.558, 0,093 0.161 

FEV1(L) 

Mean or median age 10 0.007 -0.002, 0.016 0.113 

% male 12 0.006 0.002, 0.010 0.001 

% current smokers 12 0.003 -0.000, 0.006 0.063 

CD4 T-cell count 7 -0.000 -0.001, 0.000 0.375 

% ART 5 -0.002 -0.015, 0,012 0.808 

%FVC 

Mean or median age 10 -0.081 --0.240, 0.077 0.315 

% male 11 -0.002 -0.085, 0.082 0.971 

% current smokers 11 0.051 -0.032, 0.135 0.227 

CD4 T-cell count 9 -0.009 -0.028, 0.011 0.387 

% ART 5 -0.344 -0.715, 0.026 0.068 

FVC(L) 

Mean or median age 9 0.004 -0.004, 0.012 0.329 

% male 11 0.005 0.002, 0.008 0.001 

% current smokers 11 0.002 -0.001, 0.005 0.265 

CD4 T-cell count 6 -0.000 -0.000, 0.000 0.671 

% ART 5 -0.005 -0.014, 0.003 0.229 

FEV1/FVC ratio 

Mean or median age 10 0.001 0.000, 0.001 0.032 

% male 13 0.001 0.000, 0.001 0.014 

% current smokers 12 0.000 -0.000, 0.000 0.601 

CD4 T-cell count 7 -0.000 -0.000, 0.000 0.602 

% ART 6 -0.000 -0,001, 0.001 0.750 

%DLCO 

Mean or median age 3 0.005 -0.002, 0.011 0.151 

% male 4 -0.008 -0.031, 0.015 0.501 

% current smokers 4 -0.017 -0.084, 0.050 0.621 

CD4 T-cell count 3 0.00 -0.002, 0.018 0.101 

% ART 1 NA - - 

ART: antiretroviral therapy; CI: confidence interval; DLCO: diffusion capacity of the lung for carbon monoxide; FEV1: forced expiratory volume in one second; FVC: forced vital 
capacity; NA: not applicable 

 

 


