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Abstract. Idiopathic pulmonary fibrosis (IPF) is a progres-

sive and ultimately fatal lung disease with poor prognosis 
and limited treatment options. N‑acetylcysteine (NAC), an 
anti‑oxidant drug, has promising potential in the treatment 
of IPF. In the present systematic review and meta‑analysis, 
the efficacy and safety of NAC for IPF were investigated. 
The following databases were comprehensively searched for 
relevant studies published until August 2018: Pubmed, Embase, 
Cochrane library, Chinese National Knowledge Infrastructure, 
Wangfang Database, VIP and the Chinese Biology Medical 
Database. A total of 21 controlled trials assessing the efficacy 
and safety of NAC therapy for IPF were identified and primary 
outcomes [forced vital capacity (FVC), adverse side effects] and 
secondary outcomes [diffusing capacity for carbon monoxide 
(DLCO) and its percentage predicted value (DLCO%), vital 
capacity (VC), partial arterial oxygen pressure (PaO2), 6‑min 
walking distance test and mortality] were extracted for the 
meta‑analysis. The risk ratio and mean difference or stan-

dardized mean difference with 95% confidence interval were 
calculated using RevMan 5.3 software. Analysis of the pooled 
data revealed that, compared with control treatments (routine 
treatment or drugs other than anti‑oxidants), NAC therapy 
reduced the decline in lung function, as indicated by the 
FVC and DLCO, and slowed the progression of the disease, 
as indicated by the PaO2, while complications and mortality 
were similar. These results suggest good efficacy, tolerability 

and safety of the treatment. Furthermore, subgroup analysis 
revealed that combined therapy including NAC for IPF might 
be more effective than NAC monotherapy, while oral admin-

istration of NAC was safer than inhalation. In conclusion, 
the results of the present review and meta‑analysis provide 
important information that may serve as a guide regarding 
NAC therapy for IPF in clinical practice.

Introduction

Idiopathic pulmonary fibrosis (IPF) is a specific chronic, 
progressive and fibrosing interstitial lung disease (1,2), where 
the normal lung parenchyma is progressively replaced by an 
altered extracellular matrix with destruction of the alveolar 
architecture. These changes lead to decreased lung compliance, 
impaired gas exchange and, ultimately, respiratory failure and 
death (3). IPF occurs worldwide and its incidence has been 
increasing over time, with ~2.8‑9.3 cases per 100,000 people 
in Europe and North America in 2012 (4). The IPF‑associated 
mortality rate is high and the median survival time after 
diagnosis is 2‑4 years (3,5). However, the pathogenesis of IPF 
has remained to be fully elucidated.

IPF is a consequence of multiple integrating genetic and 
environmental factors, which cause a cascade of injury of the 
alveolar epithelium (6,7). Most of these factors disrupt the 
oxidant/anti‑oxidant balance in the lung (8,9) and evidence has 
indicated that patients with IPF exhibit higher levels of oxidative 
biomarkers and lower levels of anti‑oxidant biomarkers (10). 
N‑acetylcysteine (NAC), an alternative anti‑oxidant, has been 
demonstrated to improve the glutathione homeostasis in the 
human body (11). Furthermore, it was reported to decrease 
inflammation and collagen deposition in a mouse model of 
bleomycin‑induced lung fibrosis (12).

However, according to the clinical trials that have emerged 
in previous years, the efficacy of NAC therapy for IPF remains 
controversial. While certain studies have suggested that NAC 
therapy provides a benefit for patients with IPF and slows 
the deterioration of lung function, particularly the decline in 
forced vital capacity (FVC) (13‑17), others have indicated no 
benefit of this treatment for IPF (18‑20). In addition, the results 
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of previous meta‑analyses on the efficacy of NAC therapy 
for IPF are contradictory. Sun et al (21) determined that the 
only significant effects of NAC therapy were to decrease the 
percentage of predicted VC and improve the 6‑min walking 
distance test (6MWT), whereas Kandhare et al (22) indicated 
that anti‑oxidant therapy was only significantly associated with 
the percentage of predicted VC and changes in the percentage 
of predicted diffusing capacity for carbon monoxide (DLCO) 
in IPF patients.

Considering this conflicting evidence, an updated and 
comprehensive systematic review and meta‑analysis of the 
efficacy and safety of pharmaceutical treatments for IPF 
including NAC were performed in order to provide informa-

tion that may guide further clinical decisions regarding this 
therapy.

Materials and methods

Data resources and search strategies. A comprehensive 
search for relevant studies on NAC therapy for IPF published 
until August 2018 was performed in appropriate elec-

tronic databases and sources, including Pubmed, EMbase, 
the Cochrane library, the Chinese National Knowledge 
Infrastructure, the Wangfang Database, the VIP Database and 
the Chinese Biology Medical Database, by two independent 
reviewers (FF and JZ). The language was restricted to Chinese 
and English. The following keywords or free terms were 
used: (‘acetylcysteine’ or ‘N‑acetylcysteine’ or ‘NAC’) and 
(‘idiopathic pulmonary fibrosis’ or ‘IPF’ or ‘usual interstitial 
pneumonia’). All clinical studies except case reports were 
selected for analysis. The bibliographies of primary studies, as 
well as the references listed in the selected articles, were also 
searched for further relevant publications.

Inclusion and exclusion criteria. The inclusion criteria for 
studies were as follows: i) Controlled trials comparing a 
NAC‑treated group with a control group that received routine 
treatment or drugs other than anti‑oxidants, e.g., lecithinized 
superoxide dismutase, for the treatment of IPF. ii) The diag-

nosis of IPF was in accordance with an official statement of 
the American Thoracic Society/the European Respiratory 
Society/the Japanese Respiratory Society/the Latin American 
Thoracic Association Clinical Practice Guideline (2). iii) The 
following outcome measures were reported in the trials: FVC 
and adverse effects were regarded as primary outcomes, while 
secondary outcomes that were also retrieved included DLCO, 
the percentage predicted DLCO (DLCO%), VC, partial arterial 
oxygen pressure (PaO2), 6MWT and mortality.

Studies that did not meet the inclusion criteria mentioned 
above were excluded. In addition, review articles, animal 
experiments, duplicated publications, studies with inappro-

priate interventions and studies with insufficient useful data 
were not considered.

Assessment of methodological quality. The methodological 
quality of all of the included trials was independently assessed 
in duplicate by two reviewers (FF and JZ). This quality assess-

ment was according to a scoring system from 0 to 14, which 
evaluated the following aspects: Randomization, blinding, 
analysis, patient selection, comparability of groups at baseline, 

extent of follow‑up, treatment protocol, co‑interventions 
and outcomes (23). A consensus between the two reviewers 
was reached for individual category scores. This assessment 
strategy has been widely used in previous meta‑analysis publi-
cations (24,25).

Clinical outcomes. All data were extracted by two inde-

pendent reviewers (FF and ZW) and the discrepancies were 
resolved by discussion with a third expert adjudicator (XZ). 
The primary outcomes were FVC and adverse effects, while 
DLCO, DLCO%, VC, 6MWT, PaO2 and mortality were the 
secondary outcomes.

Subgroup analysis. Pre‑specified subgroup analyses were 
performed to explore the potential causes of heterogeneity 
in the effects of NAC therapy on the primary and secondary 
outcomes. It was hypothesized that the treatment efficacy 
and safety of NAC is greater in trials using i) NAC combined 
therapy vs. NAC monotherapy (due to the potential pharmaco-

kinetic synergy achieved with combined therapy); ii) a higher 
NAC dose (1,800 mg per day) rather than below; iii) NAC 
aerosol administration (due to the direct anti‑oxidant effects 
in alveoli); iv) those with a lower methodological quality 
(as studies with a higher methodological quality tend to exhibit 
more modest treatment effects).

Statistical analysis. All data were analyzed using RevMan 
5.3 software (The Cochrane Collaboration). Mean differences 
(MDs) or standardized MDs (SMDs) with 95% confidence 
intervals (95% CIs) were determined in the statistical analysis 
of continuous variables, whereas pooled risk ratio (RR) with 
95% CIs were used for dichotomous variables. Clinical and 
methodological heterogeneities among studies were analyzed 
using the χ2 and I2 tests. If the I2 value was >50% and/or P<0.1 
for pooled studies, a random‑effects model was used for the 
meta‑analysis. Otherwise, a fixed‑effects model was used. 
Outcomes were calculated using P‑values and P<0.05 was 
considered to indicate statistical significance. As >10 studies 
were included in the present meta‑analysis, funnel plots were 
drawn for the evaluation of potential publication bias with 
regard to outcomes. While publication bias may result in 
asymmetric funnel plots, clinical or methodological hetero-

geneity among studies affects the shape of the funnel plots. 
Therefore, publication bias was further evaluated by Egger's 
test using Stata 14.0 software (StataCorp.).

Results

Data collection. Initially, 961 potentially relevant articles 
were identified during the initial search of the seven databases. 
After removal of duplicated articles, the titles and abstracts of 
the remaining 734 articles were screened, following which 436 
review articles, 92 animal or in vitro studies, eight case reports, 
three publications in German, 129 studies without relevant 
outcomes, five studies without a control group and 26 studies 
with inappropriate controls were excluded. Subsequently, the 
full‑text of 35 articles was screened; this led to the exclusion of 
14 articles due to repeated data, inappropriate controls or lack 
of assessable outcomes. Finally, a total of 21 eligible studies 
published between 2005 and 2016 were included in the present 
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meta‑analysis (13‑20,26‑38). A flow chart depicting the selec-

tion process is presented in Fig. 1.

Characteristics of the studies included. Among the 21 
eligible studies, 13 were performed in China and eight in the 
United States, Japan or various European countries. Overall, 
1,354 patients (including 695 patients who received NAC 
therapy and 659 who received other therapies) were identi-
fied. NAC was orally administered in all but five Japanese 
studies, where NAC was administered via inhalation. The 
most commonly used oral dose [76.19% (16/21)] was 600 mg 
three times a day (1,800 mg per day). Combined therapy 
frequently included corticosteroids (13 studies) and pirfeni-
done (two studies). The duration of treatment ranged from 3 to 
15 months. The demographic and clinical baseline character-
istics of the included studies, comprising the first author, year 
of publication, type of study, patient number and outcomes, are 
presented in Table I.

Assessment of methodological quality. Of the studies 
included, 18 were randomized controlled trials, two were 
case‑control studies and one was a retrospective study. Only 
four of the 18 randomized controlled trials provided details 
about the randomization method. These studies were designed 
as randomized, double‑blinded, placebo‑controlled trials that 
declared the concealment of treatment allocation and blinding 

procedures. A total of 9 studies included the drop‑out data and 
provided the detailed information. According to the quality 
scoring, the mean methodological quality score of an indi-
vidual trial was 7.9, while the median score was 7 (range, 6‑12). 
The individual scores for each trial are provided in Table I.

Meta‑analysis of primary outcomes

Overall effect on FVC. The FVC was evaluated for a total of 
470 patients in nine studies (14,15,18,19,27,28,31,35,37). As 
presented in Fig. 2A, these studies had moderate heterogeneity 
(I2=55%, P=0.02); therefore, a random‑effects model was used 
to analyze the data. Meta‑analysis of the studies revealed that 
NAC treatment reduced the decline in FVC (MD, 0.26; 95% 
CI, 0.10‑0.41; P=0.001).

Overall adverse effects. A total of 12 studies (13,14,
16,18‑20,27,31,33,36‑38), including 1,003 patients, reported on 
the adverse effects of NAC therapy. The heterogeneity among 
studies (I2=41%, P=0.07) warranted the use of a random‑effects 
model. The meta‑analysis did not reveal any significant differ-
ence (RR, 1.08; 95% CI, 0.84‑1.38; P=0.57) in adverse effects 
between the NAC therapy and control groups (Fig. 2B).

Meta‑analysis of secondary outcomes

Overall effect on DLCO. A pooled analysis of DLCO data 
from seven studies (13,27,28,31,34,36,37) was performed. A 

Figure l. Flow chart illustrating the selection of studies for an updated systematic review and meta‑analysis of the safety and efficacy of N‑acetylcysteine 
therapy for idiopathic pulmonary fibrosis.
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fixed‑effects model was used due to homogeneity among the 
studies (I2=1%, P=0.42). The decline in DLCO was signifi-

cantly lesser in the NAC treatment group compared with that 
in the control group (SMD, 0.41; 95% CI, 0.21‑0.61; P<0.0001; 
Fig. 3A).

Overall ef fect on DLCO%. Of the 21 studies, 6 
studies (13,18,19,29,33,38) evaluated the DLCO%. There was 
significant heterogeneity among the studies (I2=54%, P=0.05), 
and thus, a random‑effects model was used. Pooled analysis 
revealed there was no significance (SMD, 0.31; 95% CI, 
‑0.07‑0.68; P=0.11; Fig. 3B).

Overall effect on VC. VC was reported for 393 patients in six 
studies (13,26,30,33,34,36). A random‑effects model was used 
(I2=69%, P=0.006) and the meta‑analysis identified no influ-

ence of NAC therapy on the change in VC (MD, 0.06; 95% CI, 
‑0.10 to 0.23; P=0.44; Fig. 3C).

Overall effect on PaO2. PaO2 was reported for 566 patients in 
12 studies (18,27‑33,35‑38). A random‑effects model was used 
(I2=67%, P<0.001) and the meta‑analysis revealed that PaO2 was 
significantly greater in the NAC therapy group than that in the 
control group (SMD, 0.62; 95% CI, 0.30‑0.94; P<0.001; Fig. 3D).

Overall effect on the change of 6MWT. Although the 6MWT 
was reported in four trials, only three trials reported data as 

means and standard deviations, which was required for statis-

tical aggregation. A random‑effects model was used (I2=97%, 
P<0.001) and the meta‑analysis indicated that improvement in 
the 6MWT result was significantly greater with NAC treatment 
than with control treatment (MD, 23.69; 95% CI, 7.92‑39.47; 
P=0.003; Fig. 3E).

Overall effect on mortality. Mortality was also assessed for 
697 patients in nine studies (13,15,17‑20,32,34,38). These 
studies indicated homogeneity (Fig. 3F), and therefore, a 
fixed‑effects model was used (I2=31%, P=0.17). The results 
revealed that NAC treatment had no influence on mortality 
(RR, 1.02; 95% CI, 0.66‑1.59; P=0.92).

Subgroup analysis of FVC

Monotherapy vs. combined therapy. Among the nine studies 
that evaluated the FVC, six trials (15,19,27,28,31,35) and 
three trials (14,18,37) involved combined therapy and mono-

therapy, respectively. While combined therapy including NAC 
significantly reduced the decline in FVC (MD, 0.28; 95% 
CI, 0.09‑0.46; P=0.003), NAC monotherapy did not achieve 
a significant difference (MD, 0.19; 95% CI, ‑0.15 to 0.52; 
P=0.27; Fig. 4). However, there was no significant difference 
between combined and monotherapy (P=0.63; Fig. 5).

Low vs. high dose of NAC. A total of six (19,27,28,31,35,37) 
and three (14,15,18) studies used high (1,800 mg per day) 

Figure 2. Forest plots for the meta‑analysis on the efficacy and safety of NAC therapy for idiopathic pulmonary fibrosis with regard to the primary outcomes. 
(A) FVC and (B) adverse effects. FVC, forced vital capacity; IV, inverse variance; M‑H, Mantel‑Haenszel; NAC, N‑acetylcysteine; df, degrees of freedom.
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Figure 3. Forest plots for the meta‑analysis on the efficacy and safety of NAC therapy for idiopathic pulmonary fibrosis (IPF) with regard to the secondary 
outcomes. (A) DLCO; (B) DLCO%; (C) VC; (D) PaO2; (E) 6MWT; (F) mortality. DLCO, diffusing capacity for carbon monoxide; DLCO%, percentage 
predicted DLCO; VC, vital capacity; PaO2, partial arterial oxygen pressure; 6MWT, 6‑minute walking distance test; IV, inverse variance; Std., standard; M‑H, 
Mantel‑Haenszel; NAC, N‑acetylcysteine; df, degrees of freedom.
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and low (<1,800 mg per day) doses of NAC, respectively. 
The NAC dose had no significant influence on the change in 
FVC (Fig. 4).

Inhaled vs. oral administration. NAC was orally administered 
in six studies (19,27,28,31,35,37) and administered via inhala-

tion in three studies (14,15,18). The route of administration did 
not influence the change in FVC (Fig. 4).

Effect of the study quality on the outcomes. The mean of the 
methodological score was 7.9 and this was used as the cut‑off 
score for dividing the studies into high‑ (>7.9) and low‑ (<7.9) 
quality subgroups. Among the nine studies that evaluated the 
FVC, two (14,19) were included in the high‑quality subgroup, 
while seven (15,18,27,28,31,35,37) were included in the 
low‑quality subgroup. The treatment effects of NAC were 
significantly greater (P=0.03) in the low‑quality subgroup than 
in the high‑quality subgroup (MD, 0.32; 95% CI, 0.16‑0.48, 

P<0.001 vs. MD, 0.04; 95% CI, ‑0.16 to 0.23, P=0.71; 
Figs. 4 and 6).

Subgroup analysis of adverse effects

Monotherapy vs. combined therapy. Among the 12 studies that 
evaluated the adverse effects of NAC, seven (16,19,27,31,33,36,38) 
involved combined therapy and five (13,14,18,20,37) involved 
monotherapy. The use of NAC alone or in combination did not 
influence the occurrence of adverse effects (Fig. 7).

Low vs. high dose of NAC. A total of eight (13,19,20,27, 
31,33,36,37) and four (14,16,18,38) studies used high (1,800 mg 
per day) and low (<1,800 mg per day) doses of NAC, respec-

tively. The dose of NAC did not influence the occurrence of 
side effects (Fig. 7).

Inhaled vs. oral administration. A total of nine (13,19,20,27, 
31,33,36‑38) and three (14,16,18) studies involved oral and 

Figure 5. Subgroup analysis of the effects of NAC combined therapy and monotherapy on the forced vital capacity in patients with idiopathic pulmonary 
fibrosis. IV, inverse variance; NAC, N‑acetylcysteine; df, degrees of freedom.

Figure 4. Summary of the subgroup analysis of the effects of N‑acetylcysteine therapy on FVC in patients with idiopathic pulmonary fibrosis. FVC, forced 
vital capacity.
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inhaled routes of NAC administration, respectively. The 
incidence of adverse effects was significantly higher (P=0.02) 
in the inhalation subgroup (RR, 7.66; 95% CI, 1.48‑39.69; 
P=0.02) than that in the oral subgroup (RR, 1.00; 95% CI, 0.91 
to 1.10; P=0.98; Figs. 7 and 8).

Effect of the study quality on the outcomes. The studies 
reporting on adverse effects were also divided into a high‑qu
ality (13,14,16,19,20,31,33,38) and a low‑quality (18,27,36,37) 
subgroup, and no significant differences were observed 
between the two groups (Fig. 7).

Publication bias. Funnel plots and Egger's test were used to 
identify potential publication bias in the included studies. 
The funnel plots were asymmetrical for the studies reporting 
adverse effects and PaO2 data (Fig. 9); this indicated a poten-

tial risk of publication bias. However, Egger's test revealed no 
publication bias for adverse effects (P=0.224) or PaO2 data 

(P=0.61).

Discussion

IPF is a progressive and fatal disease, with symptoms 
including cough, chronic dyspnea, fatigue and weight 
loss (39). Several risk factors are associated with IPF, 
including environmental factors, microbial agents, gastro-

esophageal reflux and genetic factors (2). While affected 
patients may benefit from certain non‑pharmacological 
therapies, including long‑term oxygen administration or lung 
transplantation, there are concerns regarding available phar-
macological therapies. Pirfenidone (40) and nintedanib (41), 
two newly approved drugs, have been reported to lower the 
decline in FVC in patients with IPF; however, they are asso-

ciated with severe adverse effects and increased mortality 
rates.

The current treatment options for IPF are limited. NAC, 
an anti‑oxidant, has been used for the treatment of IPF for 
several years. Although the pathogenesis of IPF remains 
to be fully elucidated, it has been indicated that oxidative 

Figure 7. Summary of the subgroup analysis of adverse effects after N‑acetylcysteine therapy for idiopathic pulmonary fibrosis.

Figure 6. Subgroup analysis of the effects of NAC on the forced vital capacity in patients with idiopathic pulmonary fibrosis according to methodologic quality 
of the analyzed studies. IV, inverse variance; NAC, N‑acetylcysteine; df, degrees of freedom.
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agent‑mediated alveolar epithelial cell injury, along with an 
abnormal fibroblast response, contributes to the develop-

ment of pulmonary fibrosis (42,43). NAC is a precursor of 
the anti‑oxidant glutathione; therefore, in patients with IPF, 
who exhibit oxidative stress (10) and lower glutathione levels, 
NAC therapy may prove effective by inhibiting oxidation 
and restoring the redox balance. Furthermore, a study has 
indicated that NAC is an efficacious drug for patients with 
IPF associated with an rs3750920 single‑nucleotide polymor-
phism in the gene encoding Toll‑interacting protein of the TT 
genotype (44).

In the present updated systematic review and 
meta‑analysis, 1,354 patients in 21 trials were evaluated 
regarding the efficacy and safety of NAC therapy in IPF. 
Two previous meta‑analyses addressing the same topic 
have been published (21,22). However, one of them only 
included five studies (21), while the other included 12 
studies assessing anti‑oxidant therapy for IPF (22). For the 
present meta‑analysis, data for FVC, DLCO, DLCO%, VC 
and 6MWT were extracted as important outcomes. Pooled 
analysis of the data indicated that NAC therapy significantly 
reduced the decline in the FVC, a result that is different 

Figure 8. Subgroup analysis of adverse effects associated with NAC therapy for idiopathic pulmonary fibrosis according to the route of administration (oral vs. 
inhalation). M‑H, Mantel‑Haenszel; NAC, N‑acetylcysteine; df, degrees of freedom.

Figure 9. Funnel plots for the existence of publication bias. (A) Adverse effects and (B) partial arterial oxygen pressure. RR, risk ratio; SMD, standard mean 
difference.
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from those of the previous studies (21,22). Furthermore, 
NAC significantly reduced the decline in DLCO, and 
improved the 6MWT results, which was in accordance with 
the results of Sun et al (21). Most of the studies included 
in the present meta‑analysis also evaluated the PaO2, and 

the pooled analysis revealed that NAC therapy stabilized 
this parameter in patients with IPF. Although NAC is able 
to ameliorate hypoxia and protect patients with IPF from 
further deterioration of lung function, its adverse effects 
cannot be ignored. Commonly reported adverse effects in 
the studies analyzed included cough, dyspnea, bacterial 
pneumonia, diarrhea, headache, edema and abdominal pain. 
The incidence of cough was high in two studies (14,18), in 
which NAC was administered via inhalation. However, the 
present meta‑analysis identified no significant difference in 
the incidence of adverse effects between NAC therapy and 
the control treatments. Furthermore, the present analysis 
revealed that NAC therapy did not increase the mortality 
of IPF patients. However, in the PANTHER trial (45), 
combined therapy with NAC, prednisone and azathioprine 
was discontinued due to an increased incidence of mortality. 
When the trial was continued using a two‑arm design (NAC 
vs. placebo), NAC therapy was indicated to have no influence 
on mortality (20). Of note, in most of the studies included in 
the present meta‑analysis, NAC was administered in combi-
nation with prednisone, which may not increase mortality.

Furthermore, to address the possible heterogeneity 
in the primary outcomes, a hypothesis‑based subgroup 
analysis of FVC was performed. The most important result 
was that NAC combined therapy significantly reduced the 
decline in FVC (P=0.003), while monotherapy did not result 
in a significant difference. This indicates that combined 
therapy may be more effective than monotherapy. However, 
in the PANORAMA study (19), a phase II, randomized, 
double‑blinded, placebo‑controlled study, addition of NAC 
to pirfenidone did not substantially alter the tolerability 
profile of pirfenidone, and was unlikely to have benefits for 
IPF. This result suggested that the combination of NAC and 
pirfenidone should be used with caution. The present analysis 
also indicated that oral administration of NAC at a high dose 
was beneficial in terms of FVC. However, high does should 
also be administered with caution. Due to limitations in the 
methodological quality, subgroup analysis revealed better 
outcomes in studies with low methodological quality than 
in those with high methodological quality. In the subgroup 
analysis on adverse effects, the only significant difference 
was obtained between the oral and inhalation subgroups, with 
the latter being associated with more adverse effects. However, 
the adverse effects caused by inhalation were mild to moderate 
and the patients were able to tolerate them. Taken together, the 
present meta‑analysis demonstrated the efficacy and safety of 
NAC therapy for IPF.

Of note, the present study has certain limitations. First, 
none of the trials included was a randomized controlled 
trial, and certain studies were case‑control or retrospective 
studies. Consequently, a certain bias associated with flaws 
in the methodology was inevitable. Furthermore, various 
important end‑point variables were not evaluated, as certain 
outcomes were reported in a different format, e.g., delta FVC 
without FVC. In addition, no differentiation was made in 

terms of disease stage and genotypes, which may influence 
the efficacy of NAC therapy. With regard to adverse effects 
and mortality, it was not possible to determine whether all 
these reported adverse effects and mortality were directly 
associated with NAC. In the PANTHER trial, a regimen 
involving prednisone, azathioprine and NAC increased the 
rates of mortality, hospitalization and serious adverse events, 
while the result of the follow‑up study showed that there 
were no significant differences between NAC and placebo 
in terms of mortality and acute exacerbation (45). A recent 
study indicated that an immunosuppressive agent affecting 
the telomere length in leukocytes resulted in adverse events 
in the patients with IPF in the PANTHER trial (46). This 
suggests that the safety of NAC therapy for IPF may be 
severely limited by the addition of azathioprine. Finally, the 
search performed for the present study did not include any 
ongoing trials and sensitivity analysis was not performed in 
the current meta‑analysis.

In conclusion, the results of the present meta‑analysis 
suggested that NAC therapy is a safe and effective modality 
that may reduce the decline in the lung function of patients 
with IPF. Furthermore, combined therapy including NAC 
and oral administration of NAC may be more effective than 
monotherapy and administration via inhalation. However, 
these results require to be interpreted with caution due 
to possible methodological flaws of the studies included. 
More well‑designed, high‑quality, multicenter randomized 
controlled trials with larger sample sizes are urgently required 
to clarify these results.
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