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Smoking as a Risk Factor of Invasive Fungal Disease:
Systematic Review and Meta-Analysis
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To investigate the association between smoking and invasive fungal disease (IFD), we searched MEDLINE and Web of Science for
studies published until September 2018. Two authors independently performed study selection and data extraction. Relative risks
(RRs) were pooled using random-effects meta-analysis. We included 25 studies (18 171 participants; 2527 IFD cases). The meta-
analysis showed an increased risk of IFD in smokers (RR 1.41 [95% confidence interval 1.09-1.81]; P = .008). The risk of IFD was
higher in retrospective than in prospective studies (RR 1.93 [1.28-2.92] vs. 1.02 [0.78-1.34]; P = .04), in studies with multivariate
adjustment compared to studies with univariate analysis (RR 2.15 [1.27-3.64] vs. 1.15 [0.88-1.51]; P = .06), and in studies published
after 2002 (RR 2.08 [1.37-3.15] vs. 0.95 [0.75-1.22]; P = .008); other subgroup characteristics did not significantly influence the asso-
ciation in metaregression. Smoking cessation strategies should be implemented, especially in patients who are already at risk for IFD.
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Invasive fungal disease (IFD) is a major cause of morbidity
and mortality in immunocompromised hosts. The overall in-
cidence of IFD was 27.2/100 000 patients per year in a large US
health care network between 2006 and 2015, with a mean an-
nual increase of 0.24/100 000 patients [1]. In France, the overall
incidence of IFD was 5.9/100 000 population per year in the
national hospital discharge database (2001-2010) [2]. Among
IFDs, invasive candidiasis is the most frequent one, followed
by aspergillosis and Pneumocystis pneumonia [1, 2]. Mortality
rates, depending on the pathogen and underlying patient con-
dition, remain as high as 25-50% [1, 2]. The main risk factors
for IFD include hematological malignancies, prolonged neutro-
penia, human immunodeficiency virus (HIV) infection, pri-
mary immunodeficiencies, diabetes mellitus, chronic kidney
disease, and corticosteroid treatment. Influenza infection and
severe burns recently emerged as new risk factors for IFD [3,
4]. The general population may be at risk for IFD as well, as a
result of specific environmental exposures, such as climate and
agricultural profession, and lifestyle habits, such as smoking [5].

Several studies have assessed the association between
smoking and infection. Smoking increases the risk of bacterial
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pneumonia and meningitis [6, 7] and second-hand smoke ex-
posure is associated with increased risk of childhood invasive
meningococcal disease [8]. Smoking is also associated with
higher rates of oral candidiasis [9, 10] and has been reported
as a risk factor of cryptococcal meningitis [11]. Smokers’ al-
veolar macrophages have a reduced ability for phagocytosis
and pathogen killing, are functionally impaired, and produce
significantly lower levels of pro-inflammatory cytokines,
compared to those of nonsmokers [12]. It was also demon-
strated that tobacco and marijuana are heavily contaminated
with fungal spores [13, 14]. Furthermore, the use of medic-
inal cannabis has increased in the past decade, following
Food and Drug Administration (FDA) approval for its use in
people living with HIV or cancer [15], who are already at high
risk of IFD. Prevalence of tobacco smoking is higher among
people living with HIV compared with the general popula-
tion [16].

So far, several studies have assessed the association between
smoking and IFD in specific patient populations, but a sys-
tematic review with meta-analysis is lacking. The aim of this
systematic review was to determine whether smokers are at in-
creased risk of IFD.

MATERIALS AND METHODS

The study protocol was registered with PROSPERO
(CRD42018102724). We followed methodological guidance for
conducting systematic reviews from the Centre for Reviews and
Dissemination and the Cochrane Collaboration [17, 18]. We
followed MOOSE and PRISMA for reporting [19, 20].
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Eligibility Criteria

We included prospective and retrospective case-control and co-
hort studies that investigated the association between smoking
and any IFD. We excluded case reports, case series without a
comparative group, and cross-sectional studies.

Our target condition of interest was IFD, which included the
following: (i) invasive aspergillosis or infection by other path-
ogenic molds (ie, Mucorales, Fusarium spp. or Scedosporium/
Lomentospora spp.), defined according to EORTC/MSG 2008
criteria (proven or probable fungal disease) [21], or invasive as-
pergillosis in people living with HIV [22] or in diabetic patients
(that met clinical and mycological criteria without host factors);
(ii) invasive candidiasis (according to EORTC/MSG 2008 cri-
teria or in critically ill patients); (iii) cryptococcal disease, de-
fined as positive India ink preparation or culture of Cryptococcus
neoformans or Cryptococcus gattii from any body site, detection
of cryptococcal antigen in cerebrospinal fluid, or histopath-
ological findings consistent with cryptococcosis; and crypto-
coccosis infection defined by an isolated positive cryptococcal
antigen in blood; (iv) Pneumocystis jirovecii pneumonia (PJP),
defined as detection of P, jirovecii on microscopic examination,
immunofluorescence assay, or a positive polymerase chain re-
action (PCR) result on samples of sputum or bronchoalveolar
lavage fluid, consistent with clinical and radiological findings
in a patient at risk for PJP; and (v) invasive fungal infections
caused by dimorphic endemic pathogens (ie, coccidioidomy-
cosis, paracoccidioidomycosis, blastomycosis, talaromycosis
[or penicilliosis], sporotrichosis, and histoplasmosis).

We included studies that assessed the association between
any kind of tobacco (eg, cigarette, pipe, cigar), cannabis (ma-
rijuana, hashish), crack cocaine, or opium smoking exposure
and IFD. Timing of exposure was defined as current smokers or
ever smokers (including current smokers and former smokers).
In the case of studies defining the smoking group without
mentioning whether the group included former smokers, we
considered this group as current smokers in the analysis (ie,
we considered former- and never-smoker patients combined as
nonsmokers).

Studies were excluded if it was not possible to extract any
measure of association (risk ratio [RR], hazard ratio [HR], or
odds ratio [OR]) with its confidence interval [CI] or variance,
and if it was not possible to recalculate any association measure
based on raw data available in the study report. In the case of
unclear or missing information, we attempted to contact study
authors to obtain additional data.

In cases where overlap between studies was suspected, we
avoided duplicate inclusion of data by selecting only the most
complete report from each cohort.

Literature Searches and Study Selection
We searched MEDLINE (via PubMed) and Web of Science from
inception onward using the strategy described in S1 Appendix.

Articles that cited included studies were identified through
PubMed and Google Scholar and assessed for inclusion. We also
hand-searched the references of included articles. We included
published and unpublished (eg, conference abstracts) studies
without language restriction. Two review authors (A.P. and
B.L.R.) independently conducted study selection. First, they ex-
cluded studies that were not related to IFD or smoking based
on the titles and abstracts. Then they retrieved the full texts of
relevant articles and evaluated them for inclusion.

Data Extraction

For each included study, the following data were extracted
using a pro forma: (i) first author’s last name, publication year,
published/unpublished status, country, study period; (ii) study
characteristics: study design, clinical setting, IFD case defini-
tion, inclusion criteria; (iii) exposure: definition of smoking
timing (current, former, or never smoker), type of smoked
product (tobacco, marijuana, crack cocaine, or opium); (iv)
total number of participants, participant characteristics (mean
or median age, sex (% males), comorbidities); (v) outcome:
number of IFD cases; (vi) association between smoking and
IFD: measure and strength of association (frequency of IFD in
smokers vs nonsmokers, reported univariate and multivariate
RR, HR, or OR with 95% CI and/or variance); (vii) assessment
of confounding factors; (viii) blinding in outcome measure-
ment, and (ix) data needed to assess study quality. Two re-
view authors (A.P. and B.L.R.) independently conducted data
extraction; one review author (J.LE.C.) was solicited in case of
disagreement.

Quality Assessment

We assessed risk of bias using a quality assessment tool based
on the Joanna Briggs Institute checklist for cohort and case-
control studies [23]. The main components of risk of bias were:
selection of study participants and comparability of the groups,
measurement of the exposure and outcomes, and identification
and strategies to deal with confounding factors (52 Appendix).
For each study, the overall risk of bias was judged as high, low,
or unclear, based on a simple combination of the main compo-

nents of risk of bias (S2 Appendix).

Data Synthesis and Statistical Analysis

The RRs were used as the common measure of association across
studies. HRs were considered as RRs. ORs were transformed
into RRs using the formula RR = OR/[(I- P)) + (P, x OR)], in
which P is the incidence of IFD in the nonsmoking group [24].
In cases where it was not possible to extract association meas-
ures from the report, we recalculated the OR and its variance
using standard methods (S3 Appendix). Meta-analysis was per-
formed using DerSimonian and Laird procedures for random-
effects models. We pooled RR after logarithmic transformation.
Forest plots were used to visually assess the RR estimates and
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corresponding 95% Cls across studies. Heterogeneity was visu-
alized through forest plots and statistically assessed by calcu-
lating the I statistic.

Analyses were stratified by type of IFD (invasive mold dis-
eases including invasive aspergillosis, cryptococcosis, PJP,
dimorphic fungi, other), type of population (HIV/AIDS, hema-
tologic malignancies, other), type of smoked product (tobacco,
other) and timing of smoking exposure (current smokers, ever
smokers), and study characteristics and epoch (published be-
fore vs after year 2002, which corresponds to first EORTC/MSG
consensus criteria for IFD). Metaregression was performed to
assess the effect of study-level variables on the association be-
tween smoking and IFD risk.

Publication bias was assessed through the visual inspection
of funnel plots and by Egger test. Egger test detects funnel plot
asymmetry by determining whether the intercept is significantly
different from zero in a regression of the RR estimates against
their standard error on a logarithmic scale. Sensitivity anal-
ysis was performed by repeating the meta-analysis on studies
judged at low overall risk of bias. P values <.05 were regarded
as significant, except in metaregression where a .10 cutoff was
used. Statistical analysis involved the use of the metan, metareg,
and metabias commands in Stata/SE version 15 (Stata Corp,
College Station, TX, USA).

RESULTS

Literature Search

The literature search conducted on September 8, 2018, retrieved
1837 articles. Duplicates were removed, leaving 1697 poten-
tially relevant articles. Of these, 1551 citations were excluded
after screening based on titles, and 106 citations were excluded
based on abstracts, leaving 40 articles for full-text assessment
(Figure 1). Complementary searches identified ten additional
references, for a total of 50 articles for full-text review. On
full-text evaluation, 25 articles were excluded (S4 Appendix),
leaving 25 studies for final inclusion in the systematic review
and meta-analysis [11, 25-48].

Characteristics of Included Studies

The characteristics and main results of the included studies
are shown in Tables 1 and 2. All but 1 study assessed tobacco
smoking exposure, 2 assessed marijuana exposure in addition
to tobacco of which one also assessed opium exposure, and 1
study assessed crack cocaine exposure. Sixteen studies com-
pared current smokers to others, including former and never
smokers; 3 studies compared ever smokers to never smokers.
One study compared heavy smokers to others; this last study
was considered as comparing current smokers to others.
Five studies did not explicitly report the criteria used to de-
fine smokers; they were considered as current smokers in the
analysis. Thirteen studies included people living with HIV, 7
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Figure 1. Flow of studies through the review. Abbreviation: IFD, invasive fungal
disease.

included patients with hematological malignancies, and 5 in-
cluded other populations.

The median number of participants per study was 240 (range
42-3455), for a total of 18 171 participants. The percentage of
tobacco smokers ranged from 9% to 81%. Two studies reported
the percentage of cannabis smokers (3% and 26%); 1 study re-
ported the percentage of crack cocaine smokers (3%); 1 study
reported the percentage of opium smokers (8%). The median
number of IFD cases per study was 70 (range 8 to 538), for a
total of 2527.

Quality assessment was impeded by poor reporting; judg-
ment was difficult and items often scored as “unclear” (S5
Appendix). Twelve studies reported strategies to deal with con-
founding factors; only 9 studies reported adjusted risk measures
for predefined confounders. Blinding to ascertain outcome was
not explicitly reported in 22 of the included studies. Fourteen
studies were judged at low overall risk of bias.

Risk of IFD for Smokers Compared With Nonsmokers

One study assessing 2 types of smoking exposure (tobacco
and marijuana) and 2 types of IFD (mold and yeast diseases)
was subdivided into 4 substudies [26]. Two studies assessing 2
types of IFD (PJP and histoplasmosis for one, PJP and cryp-
tococcosis for the other) were subdivided into 2 substudies
[27, 35]. One study assessing 3 types of smoking exposure (to-
bacco, marijuana, and opium) was subdivided into 3 substudies
[28]. Thus, we included 32 study cohorts in the meta-analysis.
Across study cohorts, RR varied from 0.29 to 9.11; 21 studies
pointed to an increased risk of IFD in smokers (RR > 1). In
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meta-analysis, smokers had an increased risk of IFD compared
with nonsmokers, with a pooled RR of 1.41 (95% CI 1.09-1.81;
P =.008) (Figure 2). There was evidence of statistical heteroge-
neity of RRs across studies (I? 81%, P < .001).

Stratified Analysis With Metaregression
The results of stratified analysis with metaregression are pre-
sented in Table 3, Figures 3, 4 and S6 Appendix. The pooled RR
for the association between smoking and IFD seemed higher
for dimorphic fungi (8 study cohorts, pooled RR 1.90 [1.11-
3.24], P = .02, Figure 3), in patients with hematologic malig-
nancies (10 study cohorts, pooled RR 1.86 [1.14-3.03], P =.013,
Figure 4), for smoking exposures other than tobacco (6 study
cohorts, pooled RR 2.11 [1.01-4.38], P = .046). However,
metaregression showed that type of IFD, type of population,
and type of smoking product did not significantly influence the
association between smoking and IFD (P > .10 for all).
Stratified analysis by methodological variables showed higher
pooled RR for the association between smoking and IFD in

retrospective studies (16 study cohorts, pooled RR 1.93 [1.28-
2.92], P = .02), in case-control studies (15 study cohorts, pooled
RR 1.60 [1.15-2.22], P = .005), in studies with multivariate adjust-
ment (10 study cohort, pooled RR 2.15 [1.27-3.64], P = .004), and
in most recent studies (18 study cohorts, pooled RR 2.08 [1.37-
3.15], P = .001). Metaregression confirmed that the risk of IFD
was higher in retrospective than in prospective studies (P = .04),
in studies with multivariate adjustment compared to studies with
univariate analysis (P = .06), and in studies published after year
2002 (P = .008); other methodological characteristics did not alter
the association between smoking and IFD (P > .10 for all).

Additional Analyses

The funnel plot is represented in Figure 5. Egger test provided
evidence of a small study effect (bias 1.94, P = .01). Thus, we
undertook a sensitivity analysis using the trim and fill method,
which imputes potentially missing studies that cause funnel plot
asymmetry. However, the trim and fill algorithm failed to per-
form study imputation, and the data remained unchanged.

Risk Ratio (95% CI)

Yu 1986 —— 0.29 (0.12, 0.74)
Lowry 1989 —— 1.64 (0.60, 4.53)
Burns 1996a " 0.66 (0.54, 0.80)
Burns 1996b —— ' 0.39(0.21, 0.71)
Conley 1996 —— 0.60 (0.30, 1.20)
Chariyalertsak 1997a —I—: 0.82 (0.50, 1.36)
Chariyalertsak 1997b —— 1.28 (0.76, 2.14)
Chariyalertsak 1997c + 1.29 (0.56, 2.97)
Galai 1997 I: 1.03 (0.81, 1.31)
Olson 1997 T 2.89 (0.90, 9.25)
Hajjeh 1999 - 1.58 (0.99, 2.52)
Moorman 1999 —— 0.90 (0.54, 1.50)
Leake 2000 —— 1.86 (0.95, 3.62)
Woods 2000 —- 1.11 (0.74, 1.65)
Dos Santos 2003 - —a— 8.66 (3.65, 20.51)
Miguez-Burbano 2003 = : 7.58 (0.57, 100.45)
Miguez-Burbano 2005 i 2.32 (1.20, 4.52)
Friedman 2006 — 0.82 (0.24, 2.82)
Nacher 2009a T —— 5.40 (2.99, 9.74)
Nacher 2009b L 5.00 (1.51, 16.60)
Mukherjee 2011 o —a— 6.82(3.27, 14.23)
Blum 2012 — 1.66 (0.59, 4.69)
Sivgin 2013 —i - 0.97 (0.50, 1.88)
Stanzani 2013 — 1.01 (0.67, 1.51)
Caira 2015a . 1.81(1.06, 3.10)
Caira 2015b —— 1.21 (0.51, 2.85)
Caira 2015¢ _— = 0.65 (0.09, 4.64)
Caira 2015d - - 1.56 (0.21, 11.71)
Garnica 2015 gy ———— 9.11 (2.03, 40.83)
Blount 2017 —I—: 0.92 (0.51, 1.67)
Mehdi 2017 ——— 2.54 (0.98, 6.57)
Kashef Hamadani 2018 —a— 0.56 (0.20, 1.57)
Meta-analysis (/2= 81.0%, p = 0.000) <P 1.41 (1.09, 1.81)
!
T 1T 1T 1T 11
255 1 2 4 8 16

Risk Ratio (95% Cl)

Figure 2. Relative risk of invasive fungal disease for smokers compared with nonsmokers. Squares indicate risk ratios (RR) from primary studies, with sizes reflecting the
statistical weight of the study in random-effects meta-analysis. The horizontal lines indicate 95% Cls. Diamonds represent the summary RR and its 95% confidence interval.
The vertical dashed line is aligned with the summary RR. The vertical dotted line shows the line of no effect (RR = 1).  is the variation in RR attributable to heterogeneity

rather than chance. Abbreviation: Cl, confidence interval.
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Table 3. Risk of IFD for Smokers Compared With Nonsmokers: Stratified
Analysis With Metaregression

No. of Pooled Metaregression

Stratified Analysis Study Cohorts ~ RR (95% Cl) P-value

Target IFD .49
Molds 6 1.25 (.63-2.47)
Cryptococcosis 5 .93 (.44-2.00)

PJP 8 1.08 (.75-1.55)
Dimorphic fungi 8 1.90 (1.11-3.24)
Other 5 2.05 (.88-4.75)

Population .52
HIV 17 1.21 (.90-1.63)

Hematology 10 1.86 (1.14-3.03)
Other population 5 1.36 (.45-4.14)

Smoking exposure type .26
Tobacco 26 1.29 (.99-1.68)

Other 6 2.11 (1.01-4.38)

Timing of exposure .56
Current smokers 27 1.35 (1.02-1.77)

Ever smokers 5 1.72 (.88-1.81)

Study type 5
Cohort 17 1.25 (.87-1.78)

Case-control 15 1.60 (1.156-2.22)

Study design .04
Prospective 16 1.02 (.78-1.34)
Retrospective 16 1.93 (1.28-2.92)

Blinding .81
No 27 1.39 (1.05-1.85)

Yes 5 1.42 (.83-2.42)

Adjustment method .06
Univariate 22 1.15 (.88-1.51)

Multivariate 10 2.15 (1.27-3.64)

Study epoch .008
Before 2002 14 .95 (.75-1.22)

After 2002 18 2.08 (1.37-3.15)

Overall 32 1.41 (1.09-1.81)

Abbreviations: HIV, human immunodeficiency virus; IFD, invasive fungal disease; PJR
Pneumocystis jirovecii pneumonia; RR, risk ratio.

Following risk of bias assessment, 21 study cohorts were
judged at low overall risk of bias. Sensitivity analysis showed
that the association between smoking and IFD was of lower
magnitude and no more significant in low risk of bias studies
(RR 1.25 [0.96-1.64], P = .098) (S7 Appendix).

DISCUSSION

Smoking is a major modifiable risk factor for pulmonary, cardi-
ovascular, and infectious morbidity, as well as overall mortality.
This systematic review and meta-analysis identified an in-
creased risk of IFD among smokers compared to nonsmokers,
with a pooled RR of 1.41 (95% CI 1.09-1.81). Type of IFD, type
of population, and type and timing of smoking exposure did
not significantly influence the results.

In this systematic review, the risk of IFD was higher for inva-
sive dimorphic fungal disease than for other IFD. These infec-
tions typically occur after inhalation of airborne conidia. Many

noncomparative studies reported a high percentage of smokers
among patients with dimorphic fungal infections. In studies
investigating cases of paracoccidioidomycosis, between 50 and
100% of patients were smokers [46, 49-52]. In other dimor-
phic fungal infections such as histoplasmosis, coccidioidomy-
cosis, and blastomycosis, between 27 and 61% of patients were
smokers [53-55], which is much higher than estimates in the
general population [54].

Despite evidence supporting a link between smoking and
aspergillosis, the risk of invasive mold disease was not signifi-
cantly increased in smokers, for a pooled RR of 1.25 (0.63-2.47).
Many opportunistic molds are also common plant pathogens.
Kagen demonstrated the presence of Aspergillus in 11 of 12 ma-
rijuana samples and showed that spores passed easily through
contaminated cigarettes, and most marijuana smokers had pre-
cipitins against Aspergillus [13]. The association between mari-
juana smoking and invasive aspergillosis has been reported in
several case reports in immunosuppressed patients [56-59] but
also in immunocompetent patients [60]. In some cases, authors
reported positive fungal cultures of samples of the patient’s ma-
rijuana or tobacco [56-58].

Similarly, the meta-analysis showed no increased risk of PJP
among smokers (1.08, 95% CI .75-1.55; Table 3). All included
studies assessed the risk of PJP among people living with HIV,
but even though CD4 cell count is an obvious confounder, only
1 study reported an adjusted measure of association. Some
studies showed that tobacco and marijuana smoking were as-
sociated with a lower increase of CD4 cell count over time [61,
62]. It has also been suggested that cigarette smoking is asso-
ciated with poor adherence to antiretroviral treatment [63],
although this remains controversial [62]. Otherwise, Nieman
et al showed that PJP occurred significantly earlier in smokers
than in nonsmokers [64].

Although several studies have reported the association be-
tween smoking and oral candidiasis, we identified no study
assessing the association between smoking and invasive
candidiasis.

Smoking acts as a modifier of the immune system through
several mechanisms, affecting both innate and adaptive re-
sponses, and both humoral and cell-mediated immunity.
Immunosuppressive properties of smoke are mainly caused
by the particulate phase of smoke. Cigarette smoking is as-
sociated with reduced interferon (IFN) response (IFN-f and
IFN-y), reduced antigen-presenting activity, reduced circu-
lating immunoglobulins, reduced T-cell activity, reduced neu-
trophil activity, and inhibition of inflammatory cytokines [65,
66]. Smoking affects mainly the immune system of the respi-
ratory tract, through altered mucociliary clearance, disruption
of the respiratory epithelium, and inhibition of phagocytic
and pro-inflammatory activities of alveolar macrophages [66].
Beyond the respiratory tract, smoking also increases the risk of
extrapulmonary infections [7].
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Figure 3. Stratified analysis by type of invasive fungal disease. Squares indicate risk ratios (RR) from primary studies, with sizes reflecting the statistical weight of the
study in random-effects meta-analysis. The horizontal lines indicate 95% confidence intervals. Diamonds represent the summary RR and its 95%CI. The vertical dashed
line is aligned with the summary RR. The vertical dotted line shows the line of no effect (RR = 1). #is the variation in RR attributable to heterogeneity rather than chance.
Abbreviation: Cl, confidence interval.
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Figure 5. Funnel plot.

Otherwise, we identified evidence of more severe IFD in
smokers compared to nonsmokers [67-70], with higher mor-
tality rates, especially for PJP [68, 69], but such studies were
very heterogeneous and were not in the scope of this review.

LIMITATIONS

The quality of individual studies included in the review was
suboptimal and often challenging to evaluate because of poor
reporting. Additional analyses suggested that the association
between smoking and IFD might be driven by methodological
weaknesses such as retrospective design, overall risk of bias,
and small study effects. Because of heterogeneous study designs
and corresponding association measures, we had to convert
ORs into RRs, which potentially led to inflated risk estimates
in the meta-analysis. We performed a meta-analysis combining
cohort and case-control studies, and crude and adjusted RR es-
timates, which remains controversial. There was substantial sta-
tistical heterogeneity across studies. However, heterogeneity did
not decrease in stratified analyses, suggesting that the factors
we explored could not explain the observed variability across
studies. Furthermore, except for retrospective design, multi-
variate adjustment, and epoch, metaregression did not identify
factors explaining variability in RR across subgroups. A reason
could be that, although robust, metaregression often lacks sta-
tistical power [71]. Our study did not allow us to explore a dose-
response relationship between smoking and the risk of IFD, or
the duration of exposure prior to IFD, because smoking expo-
sure was not clearly measured and most of the time reported
in a binary way. Also, because most studies only assessed to-
bacco smoking, we cannot rule out exposure to other smoking
products in some patients, thus leading to potential residual
confounding. Poor reporting also hampered the assessment of
potential changes in IFD definitions over time (S8 Appendix).

Another limitation is that known risk factors of IFD (eg, pro-
longed neutropenia and corticosteroid use) were often not pre-
cisely measured nor reported in the included studies. There is
an urgent need for large and high-quality studies in order to
establish whether the association between smoking and IFD is
true or artifactual.

CONCLUSIONS

This review and meta-analysis showed an increased risk of
IFD among smokers, with a stable association across a variety
of clinical subgroups. This provides new evidence supporting
the implementation of smoking cessation strategies, including
tobacco, marijuana, opium, and crack cocaine, especially in
people with HIV and patients with hematological malignancies
who are already at higher risk for IFD.
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