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Strengths and limitations of this study

 ► This study was a systematic review based on a 
comprehensive literature search to accumulate all 
of the evidence that is currently available.

 ► The results were statistically synthesised to over-
come the shortcoming of a small study, which is 
usually the case with reports of interstitial pneumo-
nia with autoimmune features.

 ► Most of the findings were inconclusive due to a 
small number of studies and the scarcity of multi-
variate analyses.

AbStrACt
Objective To clarify the prognosis and prognostic factors 
of interstitial pneumonia with autoimmune features 
(IPAF) in comparison to idiopathic pulmonary fibrosis 
(IPF), the most common idiopathic interstitial pneumonia, 
and connective tissue disease- associated interstitial 
pneumonia (CTD- IP).
Design A systematic review and meta- analysis.
Data sources Electronic databases such as Medline and 
Embase were searched from 2015 through 6 September 
2019.
Eligibility criteria for selecting studies Primary 
studies that comparatively investigated the prognosis or 
prognostic factors of IPAF were eligible.
Data extraction and analysis Two reviewers extracted 
relevant data and assessed the risk of bias independently. 
A meta- analysis was conducted using a random- effects 
model. The quality of presented evidence was assessed 
by the Grades of Recommendation, Assessment, 
Development, and Evaluation system.
results Out of a total of 656 records retrieved, 12 studies 
were reviewed. The clinical features of IPAF were diverse 
between studies, which included a radiological and/or 
pathological usual interstitial pneumonia (UIP) pattern of 
between 0% and 73.8%. All studies contained some risk 
of bias. There was no significant difference of all- cause 
mortality between IPAF- UIP and IPF in all studies, although 
the prognosis of IPAF in contrast to IPF or CTD- IP varied 
between studies depending on the proportion of UIP 
pattern. Among the potential prognostic factors identified, 
age was significantly associated with all- cause mortality 
of IPAF by a pooled analysis of univariate results with a 
hazard ratio (HR) of 1.06 (95% confidence interval (CI) 1.04 
to 1.07). The adjusted effect of age was also significant in 
all studies. The quality of presented evidence was deemed 
as very low.
Conclusion There was no significant difference of 
all- cause mortality between IPAF- UIP and IPF. Age was 
deemed as a prognostic factor for all- cause mortality of 
IPAF. The findings should be interpreted cautiously due to 
the low quality of the presented evidence.
PrOSPErO registration number CRD42018115870.

IntrODuCtIOn
Interstitial pneumonia (IP) is a heteroge-
neous clinical entity that is pathologically 

characterised by varying degrees of a mixture 
of inflammation and fibrosis in the intersti-
tium of pulmonary parenchyma.1 Although 
its pathogenesis is yet to be confirmed, IP is 
known to be accompanied by other medical 
conditions such as connective tissue disease 
(CTD), occupational dust exposure and 
drug toxicity.2–4 It is essential to identify these 
known causes and discriminate between idio-
pathic IPs (IIPs) and secondary IPs, because 
therapeutic strategies and prognosis for these 
diseases are different.5 Among these known 
aetiologies, CTDs are the most common 
underlying disease and are reported to be 
associated with approximately 30% of cases 
of IP that were initially diagnosed as IIPs.6 
However, it is often difficult to make a defini-
tive diagnosis of CTD- associated IP (CTD- IP) 
because IP can be a sole presenting manifes-
tation of certain CTDs,7 or the symptoms and 
signs suggestive of CTDs may be too subtle 
to be recognised as an underlying disease.8 
Furthermore, some cases remain undiag-
nosed as a defined CTD under current classi-
fication criteria regardless of the implication 
of autoimmune features.9 This latter case 
has been a subject of debate over the last 
decade because clinical differences between 
undifferentiated CTD- IP (UCTD- IP) and 
defined CTD- IP or IIP are closely related to 
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the management of patients with IP.10 However, different 
research groups have implemented different nomen-
clatures with diverse classification criteria to investigate 
this medical condition, and thus previous literature is 
flooded with inconsistent results derived from heteroge-
neous groups of patients who were recruited based on 
the same concept of the disease.11–14 In order to address 
these chaotic circumstances and facilitate a prospective 
study targeting a uniform cohort of patients who can be 
classified into a possibly new clinical entity, the European 
Respiratory Society (ERS) and the American Thoracic 
Society (ATS) Task Force proposed the new term ‘inter-
stitial pneumonia with autoimmune features (IPAF)’ and 
reported its classification criteria in 2015.15 The criteria of 
IPAF are composed of clinical, serological and morpho-
logical domains (multiple features constituting each 
domain), and at least one feature from at least two of 
the domains each is required to be positive for the diag-
nosis of IPAF after confirming the presence of IP and 
excluding alternative aetiologies for the disease.15 Since 
the introduction of this terminology, many researchers 
have started using these classification criteria to describe 
patients with IP suggestive of autoimmune features who 
cannot be diagnosed as a defined CTD.16 Although the 
attempt of the Task Force was successful in this regard, 
the findings of recent reports remain diverse, and it is 
still unclear whether IPAF is a unique clinical entity from 
CTD- IP or IIP, in particular, idiopathic pulmonary fibrosis 
(IPF), which is the most common type of IIP.17 There-
fore, the aim of this systematic review was to summarise 
previous reports of IPAF and present current evidence 
focusing on the prognosis and prognostic factors of IPAF 
in comparison to CTD- IP or IIPs.

MEthODS
This review was conducted and reported according to 
the Preferred Reporting Items for Systematic Reviews 
and Meta- Analyses (PRISMA)18 and the Meta- analysis 
of Observational Studies in Epidemiology (MOOSE) 
statement.19

Patient and public involvement
There was no patient or public involvement in the whole 
process of conducting this research.

Eligibility
This review included any type of primary study that 
compared the prognosis of IPAF with that of CTD- IP or 
IIPs such as IPF and idiopathic non- specific interstitial 
pneumonia, except for a case report. The studies that 
investigated the prognostic factors of IPAF for predefined 
outcomes were also eligible. IPAF was diagnosed based on 
the classification criteria proposed by the ERS/ATS Task 
Force in 2015, which consisted of CTD- specific features 
categorised into clinical, serological and morphological 
domains.15 IIPs were diagnosed based on the ATS/ERS 
statement,1 and a defined CTD was diagnosed based on its 

widely accepted classification criteria including the Amer-
ican College of Rheumatology criteria for rheumatoid 
arthritis.20–25 Although various terminologies had previ-
ously been implemented to describe patients who would 
have been classified as IPAF,11–14 they were excluded due 
to concerns about recruiting a potentially heterogeneous 
group of people regardless of their overlapping clinical 
features.26 There was no limitation on follow- up period, 
and patients were included at any point of time during 
their disease course.

Potential prognostic factors were designated in this 
study and defined as any clinical information related 
to predefined outcomes such as demographic features, 
pulmonary functions, laboratory data and radiological 
and/or pathological patterns of IP.

Primary outcomes were all- cause and pulmonary- cause 
mortality. Secondary outcomes were a progression of 
the disease and deterioration of health- related quality of 
life. The progression of the disease was defined by each 
research group based on a combination of symptomatic, 
functional and/or radiological deterioration. The devel-
opment of a defined CTD over the follow- up periods was 
also included as a secondary outcome.

Only English articles published in 2015 or later were 
eligible because the IPAF criteria were presented at the 
ERS congress and published in the European Respiratory 
Journal in that year.15 Editorials, letters and review articles 
were all ineligible, and conference proceedings were also 
excluded due to concerns about insufficient information.

Search of studies
Electronic databases, Medline (Ovid), Embase (Ovid) 
and Science Citation Index Expanded (Web of Science) 
were searched from 2015 through 24 December 2018. 
The search was updated on 6 September 2019. Because 
there had been no established subject heading for IPAF, 
other relevant terms such as ‘interstitial lung disease’ 
and ‘undifferentiated connective tissue disease’ were 
used and combined with text words of the study popu-
lation to construct a string of search terms (eg, (‘inter-
stitial lung disease’ or ‘interstitial pneumonia’ or 
‘pulmonary fibrosis’) AND (‘undifferentiated connective 
tissue disease’ or ‘interstitial pneumonia with autoim-
mune features’)). Methodology filters such as ‘prognosis’ 
were not used to increase the sensitivity of the search 
(online supplemenatry e- Appendix). Grey literature 
was sought through Google Scholar.27 Reference lists of 
eligible studies and relevant review articles were hand 
searched, and cross referencing was also used to identify 
additional reports.

Study selection and data collection
Two reviewers (HK and OMP) independently exam-
ined the titles and abstracts of all retrieved articles after 
removing duplicates and selected eligible studies. Data 
were also extracted by the same reviewers based on a data 
extraction form, which was adopted and modified from a 
previously published article.28 Any disagreement in these 
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processes was resolved through discussion between the 
reviewers. Extracted data included the first author name, 
publication year, study location, study design, the number 
of participants and their demographic features, compar-
ative groups, prognostic factors, outcomes, methods for 
statistical analysis, summary statistics and items associated 
with a risk of bias. Authors were asked to provide missing 
data for relevant outcomes.

risk of bias in individual studies
Risk of bias in individual studies was assessed by the 
Quality in Prognostic Studies tool.29 It consisted of six 
domains, which were rated as either low, moderate or 
high, and a study with low risk of bias in all domains was 
designated as a study with low risk of bias.

Statistical analysis
 Summary statistics
If prognosis of IPAF was compared with that of CTD- IP or 
IIPs by the Kaplan- Meier survival curve and the log rank 
test, the result was to be converted into a hazard ratio 
(HR) if possible30 or otherwise the original data were 
presented. If the outcome was binary, the effect size of 
potential prognostic factors of IPAF was to be summarised 
as either an odds ratio (OR), risk ratio (RR) or HR. If the 
outcome or potential prognostic factors were continuous, 
they were to be summarised as the mean difference or the 
difference of the median value between two comparative 
groups, although there were no such cases in this review. 
The analysis focused only on a comparison of the prog-
nosis and prognostic factors of IPAF reported in at least 
three studies given the assumption that frequent reports 
would indicate clinical relevance.

 Meta-analysis
The results were combined only if the effect of a certain 
potential prognostic factor had been reported for the 
same outcome with the same summary statistics in at least 
three studies. Only univariate results were combined if 
the meta- analysis was appropriate because multivariate 
results were derived from different models constructed 
with multiple variables, which were diverse between 
studies. Meta- analysis was performed by a random- 
effects model with the DerSimonian and Laird method31 
using the statistical software Review Manager (RevMan) 
V.5.3 (Copenhagen: The Nordic Cochrane Centre, The 
Cochrane Collaboration, 2014). All of the results were 
presented with the 95% confidence interval (CI) in 
conjunction with the 95% prediction interval (PI), which 
was calculated if a meta- analysis was conducted and there 
was heterogeneity between studies.32 Statistical signifi-
cance was set at p<0.05.

 Heterogeneity and additional analysis
Heterogeneity was assessed by the Q statistic and I square. 
Statistical significance of heterogeneity was set at p<0.1, 
and the magnitude was interpreted as not important 
(0%–30%), moderate (30%–50%), substantial (50%–
70%) or considerable (70%–100%).33

IPAF was likely to include a heterogeneous group of 
patients because it was diagnosed based on a combina-
tion of positive features in multiple domains.15 A different 
combination of positivity may have yielded a group with 
different clinical characteristics. Furthermore, a different 
number of cases with a usual interstitial pneumonia 
(UIP) pattern in IPAF was thought to affect the clinical 
course of the disease because UIP was noted to demon-
strate a poor prognosis compared with other radiological 
and/or pathological patterns of IIPs.34 Therefore, the 
results were to be reanalysed depending on the propor-
tion of radiological and/or pathological UIP pattern if 
data were available. Another subgroup analysis was also 
considered based on studies with a similar combination 
of positive domains, which contributed to the diagnosis 
of IPAF. Sensitivity analysis was to be conducted focusing 
on studies with low risk of bias alone. Small study bias 
including publication bias was to be examined graphi-
cally by a funnel plot and statistically by the Egger’s test if 
10 or more studies were available for meta- analysis. The 
test was to be performed using Stata V.14 (STATA Corp 
LLC) with statistical significance of p<0.1.35

Confirmation of prognostic factors
Prognostic factors were confirmed based on the results 
of multivariate analyses. If the effect of a potential prog-
nostic factor demonstrated the same trend in all studies 
and was significant in the majority of multiple studies 
(>50%), it was deemed as a prognostic factor.

Assessment of quality of presented evidence
The Grades of Recommendation, Assessment, Devel-
opment, and Evaluation (GRADE) system was applied 
to evaluate the quality of evidence regarding identified 
prognostic factors of IPAF.36

rESultS
Search and selection of eligible reports
After removing 181 duplicates from a total of 656 records 
retrieved through a search of 4 electronic databases, 475 
records were screened by the titles and abstracts, which 
identified 109 ineligible articles composed of case reports 
(n=8), conference abstracts (n=58), letters or editorials 
(n=27), non- English reports (n=5) and review articles 
(n=11). After 335 more records were excluded due to irrel-
evant subjects, the remaining 31 records were retrieved 
as full texts, and finally 12 reports/studies were eligible 
for this study (figure 1). Among them, three studies were 
conducted by the same research group. No additional 
study was identified by searching the reference lists or cross 
referencing of eligible reports and relevant review articles.

Characteristics of included studies
All studies were of retrospective cohort design (table 1). 
In seven studies, all types of IPs were screened to identify 
cases of IPAF (Chung et al,37 Oldham et al,38 Adegunsoye 
et al,39 Ahmad et al,40 Collins et al,41 Dai et al,42 Lim et al43), 
whereas in two studies, IPAF was selected from cases of IP 
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Figure 1 Study flow diagram A total of 656 records were retrieved through a search of four electronic databases, Medline, 
EMBASE, Science Citation Index Expanded, and Google Scholar. After removing 181 duplicates, 475 records were screened 
by titles and abstracts, which identified 109 ineligible articles composed of case reports (n=8), conference abstracts (n=58), 
letters or editorials (n=27), non- English reports (n=5) and review articles (n=11). After 335 more records were excluded due to 
irrelevant subjects, the remaining 31 records were retrieved as full texts, and finally 12 reports/studies, which included 3 studies 
conducted by the same research group, were eligible for this study. IPAF, interstitial pneumonia with autoimmune features.
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Table 2 Risk of bias in included studies

Study
Study 
participation

Study 
attrition

Prognostic factor 
measurement

Outcome 
measurement

Study 
confounding

Statistical analysis 
and reporting

Chung et al 201637 Low risk High risk Low risk Low risk Moderate risk High risk

Oldham et al 201638 Low risk High risk Low risk Low risk Moderate risk High risk

Adegunsoye et al 
201739

Moderate risk High risk Low risk Low risk Moderate risk High risk

Ahmad et al 201740 Low risk High risk Low risk Low risk Moderate risk High risk

Collins et al 201741 Low risk High risk Low risk Low risk High risk High risk

Dai et al 201842 Low risk High risk Low risk Low risk High risk High risk

Lim et al 201943 Low risk High risk Low risk Low risk Moderate risk High risk

Ito et al 201744 Low risk High risk Low risk Low risk Moderate risk High risk

Mejía et al 201745 Low risk High risk Low risk Low risk Moderate risk High risk

Kelly and Moua 
201746

Low risk High risk Low risk Low risk Moderate risk High risk

Yoshimura et al 
201847

Low risk High risk Low risk Low risk Moderate risk High risk

Kim et al 201948 Low risk High risk Low risk Low risk Moderate risk High risk

Bold text indicates high risk of bias.

with positive serology of IPAF classification criteria and 
myositis- specific autoantibodies, respectively (Ito et al,44 
Mejía et al45). The other three studies identified cases of 
IPAF from a cohort of UCTD- IP, chronic fibrosing inter-
stitial pneumonia (CFIP) and IIPs, respectively (Kelly and 
Moua,46 Yoshimura et al,47 Kim et al48).

The mean or median follow- up period was reported in 
only three studies, which spanned over 1.5–5.6 years. The 
number of participants ranged from 15 to 177, and their 
mean or median ages were between 53.2 and 67.9 years. 
The proportion of men and ever smokers was distributed 
between 23.5% and 59.4% and 19.2% and 56.2%, respec-
tively. Positivity of clinical, serological and morphological 
domains of IPAF classification criteria ranged from 20.3% 
to 76.2%, 71.9% to 100% and 78.9% to 100%, respec-
tively. UIP pattern was confirmed on a high- resolution 
computed tomography (HRCT) scan and/or a surgical 
lung biopsy (SLB) for between 0% and 73.8% of cases of 
IPAF. All- cause mortality was the primary outcome in all 
studies except for one (table 1).

risk-of-bias assessment
All studies included in the review were deemed as 
containing some risk of bias. In particular, study attrition 
and statistical analysis were designated as a high risk of 
bias. The attrition of participants over time was unclear 
in all studies. Statistical analysis and reporting were also 
insufficient due to the lack of explanation of the analyt-
ical strategy and model development (table 2).

Prognosis of IPAF in comparison to other IPs
All- cause mortality of IPAF was significantly better 
than that of IPF in two studies (Dai et al,42 Lim et al43) 
(19.8% vs 31.9%, p<0.001 and 27.8% vs 63.4%, p=0.008, 

respectively), which included UIP pattern on HRCT 
in 4.5% and 27.8% of the cases, respectively (table 3). 
However, there was no significant difference of all- 
cause mortality in the other two studies (Oldham et al,38 
Ahmad et al40), which included a larger number of cases 
with UIP pattern on HRCT (54.6% and 29.6%, respec-
tively). There was no significant difference of all- cause 
mortality between IPAF- UIP and IPF in all five studies 
that reported it (Oldham et al,38 Lim et al,43 Kelly and 
Moua,46 Yoshimura et al,47 Kim et al48; table 3). Among the 
four studies comparing IPAF with CTD- IP, only one study 
(Oldham et al38) demonstrated higher all- cause mortality 
for IPAF (p<0.001). It included a larger proportion of a 
radiological and/or pathological UIP pattern (54.6%) 
in contrast to 27.8%, 2.9% and 36.7% in the other three 
studies (Lim et al,43 Mejía et al,45 Kim et al48), respectively.

univariate analysis of potential prognostic factors
Age, men, ever smokers, radiological and/or pathological 
UIP pattern, percentage of predicted forced vital capacity 
(%FVC), and percentage of predicted diffusing capacity 
of the lung for carbon monoxide (%DLCO) were identi-
fied as potential prognostic factors for all- cause mortality 
of IPAF, which were reported in at least three studies 
(table 4).

Age was significantly associated with all- cause mortality 
of IPAF in all four studies that reported it (Oldham et al,38 
Dai et al,42 Ito et al,44 Kim et al48; table 4), which produced 
a combined effect of an HR of 1.06 (95% CI 1.04 to 1.07) 
with no heterogeneity (figure 2). There was also a trend 
of worse all- cause mortality for men than women in all 
of these studies, which generated a significant result by a 
pooled analysis with an HR of 1.66 (95% CI 1.22 to 2.25) 
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Table 3 All- cause mortality of interstitial pneumonia with 
autoimmune features (IPAF) compared with other interstitial 
pneumonias*

Study Effect size†

IPAF versus IPF Oldham et al 201638 P=0.07 (log rank)

  Ahmad et al 201740 16.4% versus 
5.2%, p=0.05 (log 
rank)

  Dai et al 201842 19.8% versus 
31.9%, p<0.001 
(log rank)

  Lim et al 201943 27.8% versus 
63.4%, p=0.008 
(Cox)

IPAF- UIP‡ 
versus IPF

Oldham et al 201638 P=0.51 (log rank)

  Lim et al 201943 Mean ST 64.6 
versus 52.0 
months, p=0.08 
(log- rank)

  Kelly and Moua 
201746

P=0.08 (log rank)

  Yoshimura et al 
201847

P=0.09 (log rank)

  Kim et al 201948 Median ST 36 
versus 51 months, 
p=0.43 (log rank)

IPAF versus 
CTD- IP

Oldham et al 201638 P<0.001 (log 
rank)§

  Lim et al 201943 27.8% versus 
21.1%, p=0.41 
(Fisher)

  Mejía et al 201745 P>0.83 (log rank)

  Kim et al 201948 Median ST 160 
versus 142 
months, p=0.98 
(log rank)

*Only a comparison of all- cause mortality of IPAF with that of 
other interstitial pneumonias, which was reported in at least 
three studies, was summarised. Italic bold indicates statistical 
significance.
†Only p value was described if effect estimates were not available.
‡UIP pattern was diagnosed based on radiological and/or 
pathological findings in two studies (Kelly and Moua,46 Kim et 
al48) whereas it was determined radiologically in the other studies 
(Oldman et al,38 Lim et al,42 Yoshimura et al47).
§IPAF demonstrated a higher mortality than CTD- IP.
CTD- IP, connective tissue disease- associated interstitial 
pneumonia; IPF, idiopathic pulmonary fibrosis; ST, survival time; 
UIP, usual interstitial pneumonia.

with no heterogeneity (figure 3). The effect of a smoking 
habit was reported in five studies (Oldham et al,38 Ahmad 
et al,40 Dai et al,42 Ito et al,44 Kim et al48; table 4), and a 
pooled analysis of these studies demonstrated that ever 
smokers were not significantly associated with all- cause 
mortality with an HR of 1.54 (95% CI 0.97 to 2.46) and 

substantial heterogeneity (figure 4). One study (Oldham 
et al38) demonstrated the opposite effect to the others and 
seemed to be responsible for some of the heterogeneity. 
A UIP pattern was noted in the majority of IPAF (54.6%) 
in that study in contrast to the other four studies, which 
demonstrated the proportion of UIP pattern as 29.6%, 
4.5%, 0% and 36.7%, respectively. The effect of a radio-
logical and/or pathological UIP pattern was reported in 
six studies (table 4). Because Oldham et al38 and Adegun-
soye et al39 were conducted by the same research group 
sharing the same cohort, the former study was priori-
tised for the analysis considering its larger sample size. A 
pooled analysis of three out of these five studies (Oldham 
et al,38 Dai et al,42 Kim et al48) demonstrated that a radio-
logical and/or pathological UIP pattern was significantly 
associated with all- cause mortality of IPAF with an HR of 
2.93 (95% CI 1.65 to 5.20) and moderate heterogeneity 
(figure 5). Only one study (Dai et al42) demonstrated a 
non- significant result, and it included the least propor-
tion (4.5%) of IPAF subjects with a radiological and/or 
pathological UIP pattern in contrast to 54.6% and 36.7% 
in the other two studies (Oldham et al38 and Kim et al48), 
respectively. A pooled analysis of three studies (Oldham 
et al,38 Ito et al44 and Kim et al48) demonstrated that both 
%FVC and %DLCO were significantly associated with all- 
cause mortality of IPAF with HRs of 0.89 (95% CI 0.81 to 
0.98) and 0.77 (95% CI 0.69 to 0.85), respectively, with no 
heterogeneity (figures 6 and 7).

Multivariate analysis of potential prognostic factors
The adjusted effect of age on all- cause mortality of IPAF 
was reported in four studies, all of which demonstrated 
significant results and almost the same effect size with 
HRs ranging from 1.04 to 1.07 (table 4). Men were not 
significantly associated with all- cause mortality with an 
HR of 1.65 (95% CI 0.92 to 2.97) in one study (Oldham 
et al38). The adjusted effect of smoking habit on all- cause 
mortality was reported in two studies. One of these studies 
showed a significant result with an HR of 2.11 (95% CI 
1.02 to 4.36; Dai et al42), whereas the other study showed a 
non- significant result with an HR of 1.11 (95% CI 0.60 to 
2.05; Oldham et al38). The effect of a radiological and/or 
pathological UIP pattern was reported using multivariate 
analyses in three studies (Oldham et al,38, Adegunsoye et 
al39 and Kim et al48). Oldham et al38 was prioritised over 
Adegunsoye et al39 for the analysis considering its larger 
sample size in the same cohort, which demonstrated a 
non- significant result with an HR of 1.72 (95% CI 0.83 
to 3.56). However, another study (Kim et al48) reported 
a significantly worse all- cause mortality with a radiolog-
ical and/or pathological UIP pattern with an HR of 3.85 
(95% CI 1.99 to 7.43). The effect of %FVC and %DLCO 
was reported using a multivariate analysis in only one 
study each. There was no significant association between 
%FVC and all- cause mortality with an HR of 1.00 (95% 
CI 0.78 to 1.29; Oldham et al38; table 4), whereas %DLCO 
was significantly associated with all- cause mortality with 
an HR of 0.66 (95% CI 0.57 to 0.78; Kim et al48; table 4).
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Table 4 Potential prognostic factors for interstitial pneumonia with autoimmune features (IPAF)*

Potential prognostic factors† Univariate Multivariate

Study Effect size (HR (95% CI)) Study Effect size (HR (95% CI))

Age (/1 year) Oldham et al 201638 1.06 (1.03 to 1.08) Oldham et al 201638 1.05 (1.02 to 1.08)

Dai et al 201842 1.04 (1.01 to 1.07) Dai et al 201842 1.07 (1.02 to 1.12)

Ito et al 201744 1.07 (1.03 to 1.11) Ito et al 201744 1.04 (1.01 to 1.06)

Kim et al 201948 1.06 (1.03 to 1.09) Kim et al 201948 1.06 (1.03 to 1.10)

Men (vs women) Oldham et al 201638 1.54 (0.91 to 2.60) Oldham et al 201638 1.65 (0.92 to 2.97)

Dai et al 201842 1.89 (0.94 to 3.80)

Ito et al 201744 1.98 (0.92 to 4.25)

Kim et al 201948 1.50 (0.87 to 2.60)

Ever smoker (vs never smoker) Oldham et al 201638 0.92 (0.54 to 1.54) Oldham et al 201638 1.11 (0.60 to 2.05)

Ahmad et al 201740 7.18 (1.31 to 39.26) Dai et al 201842 2.11 (1.02 to 4.36)

Dai et al 201842 2.44 (1.19 to 5.00)

Ito et al 201744 1.27 (0.59 to 2.73)

Kim et al 201948 1.47 (0.84 to 2.55)

UIP (HRCT and/or SLB) (vs 
nonUIP)‡

Oldham et al 201638 2.40 (1.21 to 4.76) Oldham et al 201638 1.72 (0.83 to 3.56)

Adegunsoye et al 201739 6.11 (1.43 to 26.08) Adegunsoye et al 201739 5.35 (11.21 to 23.67)

Ahmad et al 201740 p=0.23 (log- rank)§ Kim et al 201948 3.85 (1.99 to 7.43)

Dai et al 201842 1.55 (0.47 to 5.11)

Kelly and Moua 201746 p=0.04 (log- rank)¶

Kim et al 201948 4.47 (2.54 to 7.88)

Percentage of predicted FVC 
(/10%)

Oldham et al 201638 0.90 (0.78 to 1.05) Oldham et al 201638 1.00 (0.78 to 1.29)

Ito et al 201744 0.82 (0.67 to 1.00)

Kim et al 201948 0.93 (0.80 to 1.09)

Percentage of predicted DLCO 
(/10%)

Oldham et al 201638 0.74 (0.63 to 0.86) Kim et al 201948 0.66 (0.57 to 0.78)

Ito et al 201744 0.90 (0.70 to 1.16)

Kim et al 201948 0.75 (0.64 to 0.87)

*Italic bold indicates statistical significance.
†Potential prognostic factors were defined as any clinical information that was reported by at least three studies.
‡UIP pattern was confirmed based on the finding of HRCT scan in three studies (Oldham et al,38 Ahmad et al,40 Dai et al,42), pathological finding in one study 
(Adegunsoye et al39) and either findings in two studies (Kelly and Moua,46 Kim et al,4848).
§Survival was estimated by the Kaplan- Meier survival curve and the log- rank test demonstrated that the prognosis of IPAF- UIP tended to be worse than that of 
IPAF- nonUIP.
¶Survival was estimated by the Kaplan- Meier survival curve and the log- rank test demonstrated that the prognosis of IPAF- UIP was significantly worse than that of 
IPAF- nonUIP.
DLCO, diffusing capacity of the lung for carbon monoxide; FVC, forced vital capacity; HRCT, high- resolution computed tomography; SLB, surgical lung biopsy; UIP, 
usual interstitial pneumonia.

Figure 2 Forrest plot of the effect of age on all- cause mortality of interstitial pneumonia with autoimmune features. The effect 
of age on all- cause mortality was reported in four studies, in which a total of 528 participants with 236 men (44.7%) were 
included. Meta- analysis of these studies demonstrated that age was significantly associated with all- cause mortality with an HR 
of 1.06 (95% CI 1.04 to 1.07, p<0.00001) with no heterogeneity.
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Figure 3 Forrest plot of the effect of sex on all- cause mortality of interstitial pneumonia with autoimmune features. The effect 
of sex on all- cause mortality was reported in four studies, in which a total of 528 participants with 236 men (44.7%) were 
included. Meta- analysis of these studies demonstrated that all- cause mortality of men was significantly worse than that of 
women with an HR of 1.66 (95% CI 1.22 to 2.25, p=0.001) with no heterogeneity.

Figure 4 Forrest plot of the effect of smoking habit on all- cause mortality of interstitial pneumonia with autoimmune 
features. The effect of smoking habit was reported in five studies, in which a total of 585 participants with 265 men (45.3%) 
were included. Meta- analysis of these studies demonstrated that ever smokers were not significantly associated with all- 
cause mortality with an HR of 1.54 (95% CI 0.97 to 2.46, p=0.07/95% prediction interval 0.37 to 6.33). There was substantial 
heterogeneity between the results of the included studies (χ2=8.26, df=4, p=0.08, I2=52%). Only one study (Oldham et al38) 
demonstrated an opposite effect to the others, and the majority of participants were ever smokers with a radiological usual 
interstitial pneumonia pattern in that study.

Additional analysis
Neither a subgroup analysis nor sensitivity analysis was 
conducted due to the small number of studies and some 
risk of bias identified in all studies. Small study bias could 
not be examined due to the small number of studies.

Confirmation of prognostic factors
Among six potential prognostic factors identified, only 
age was deemed to contribute to all- cause mortality 
of IPAF. It was significant by multivariate analysis in all 
studies, and all of the results showed a similar trend.

Quality of evidence
Quality of evidence for age as a prognostic factor for IPAF 
was rated as very low by the GRADE system (table 5).

DISCuSSIOn
This systematic review and meta- analysis demonstrated 
that the clinical features of IPAF, such as demographics, 
number of cases with a UIP pattern and positivity of 
each domain constituting the classification criteria of 
IPAF, were diverse between studies. All- cause mortality 
of IPAF- UIP was not significantly different from that 
of IPF in all studies, although the prognosis of IPAF in 

comparison to IPF or CTD- IP was inconsistent between 
studies and seemed to have been related to the propor-
tion of cases with a radiological and/or pathological UIP 
pattern. Only age was deemed as a prognostic factor for 
all- cause mortality of IPAF based on multivariate results, 
although sex, smoking habit, radiological and/or patho-
logical UIP pattern, %FVC and %DLCO were also consid-
ered as potential prognostic factors.

The variability of clinical features of IPAF between 
studies was described in a previous review.17 It may be 
mostly related to the retrospective design of studies and 
a different process of identifying cases of IPAF. In seven 
studies, all types of IP were screened to identify cases of 
IPAF, whereas two studies sought to identify IPAF from 
cases of IP with positive serology of IPAF classification 
criteria and myositis- specific autoantibodies, respectively. 
The other three studies identified cases of IPAF from 
UCTD- IP, CFIP and IIPs, respectively. As a result, this 
potential selection bias may have caused clinical hetero-
geneity between the studies in this review. The presence of 
a radiological and/or pathological UIP pattern is partic-
ularly important for the analysis of prognosis of IPAF 
because it is reported to be predictive of a worse prog-
nosis of IIPs.49 It is still unclear whether IPAF represents 
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Figure 5 Forrest plot of the effect of a usual interstitial pneumonia (UIP) pattern on a high- resolution computed tomography 
(HRCT) and/or a surgical lung biopsy (SLB) specimen on all- cause mortality of interstitial pneumonia with autoimmune features 
(IPAF). The effect of UIP pattern on all- cause mortality was reported in six studies. Meta- analysis was conducted for three of 
these studies, in which a total of 430 participants with 195 men (45.3%) were included. A UIP pattern on HRCT and/or SLB 
was significantly associated with all- cause mortality of IPAF with an HR of 2.93 (95% CI 1.65 to 5.20, p=0.0002/95% prediction 
interval 0.01 to 808.7). There was moderate heterogeneity between the results of the included studies (χ2=3.44, df=2, p=0.18, 
I2=42%). Only one study (Dai et al42) demonstrated a non- significant result, and it included the least proportion (4.5%) of IPAF 
subjects with a radiological and/or pathological UIP pattern in contrast to 54.6% and 36.7% in the other two studies (Oldham et 
al38 and Kim et al48), respectively.

Figure 6 Forrest plot of the effect of percentage of predicted forced vital capacity (%FVC) on all- cause mortality of interstitial 
pneumonia with autoimmune features (IPAF). The effect of %FVC on all- cause mortality was reported in three studies, in which 
a total of 351 participants with 158 men (45.0%) were included. Meta- analysis of these studies demonstrated that %FVC was 
significantly associated with all- cause mortality of IPAF with an HR of 0.89 (95% CI 0.81 to 0.98, p=0.02) with no heterogeneity.

Figure 7 Forrest plot of the effect of percentage of diffusing capacity of the lung for carbon monoxide (%DLCO) on all- cause 
mortality of interstitial pneumonia with autoimmune features (IPAF). The effect of %DLCO on all- cause mortality was reported 
in three studies, in which a total of 351 participants with 158 men (45.0%) were included. Meta- analysis of these studies 
demonstrated that %DLCO was significantly associated with all- cause mortality of IPAF with an HR of 0.77 (95% CI 0.69 to 
0.85, p<0.00001) with no heterogeneity.

a prodromal condition that could evolve into an overt 
CTD- IP or a new clinical entity that is different from 
CTD- IP or IIPs. If the former is the case, it is expected 
that IPAF- UIP would demonstrate a better prognosis than 
IPF because the prognosis of CTD- UIP was reported to 
be better than that of IPF.50 However, other reports also 
stated that rheumatoid arthritis- associated UIP (RA- UIP) 
would follow a similar prognosis as IPF.51 Therefore, the 
finding of this review that there was no significant differ-
ence of all- cause mortality between IPAF- UIP and IPF 
may be derived from the possibility that IPAF- UIP was a 

prodromal state for RA- UIP. In fact, IPAF was followed up 
to reveal the CTD incidence in two studies in this review, 
and the largest proportion of incident cases was demon-
strated to be RA (58.3% and 30.8%, respectively; data not 
shown). However, this remains a speculation because no 
other studies have reported the development of defined 
CTDs. In addition, clinical information specific to RA 
such as anti- cyclic citrullinated peptide antibody52 was 
lacking. If the IPAF- UIP included in this review was posi-
tive for this autoantibody, it would likely have suggested 
underlying RA- UIP and reasonably explained the similar 
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mortality as IPF. Further research is imperative to clarify 
the prognostic significance of a UIP pattern for IPAF 
compared with IPF and what IPAF- UIP represents.

Another important factor that may have affected the 
prognosis of IPAF is that cases of IPAF in this review may 
not necessarily represent an inception cohort because 
all studies were retrospectively conducted at a referral 
centre.53 As a result, some cases of IPAF with gradual 
progression may have been referred and enrolled for 
further investigation at an advanced stage, and this would 
have led to a biassed estimation of survival. In fact, only 
three studies described the follow- up period for IPAF, and 
it was reported as 1.5 years in one study. This period seems 
to be too short to estimate the prognosis of this disease 
group unless the rapidly progressive type of IP or acute 
exacerbation of the disease was the main subject of study. 
Therefore, it is important to enrol an inception cohort of 
IPAF to elucidate its prognosis in future research.

This systematic review clarified a prognostic factor for 
IPAF. Age was significantly associated with worse all- cause 
mortality of the disease in both univariate and multi-
variate analyses. This finding is consistent with previous 
reports of both IPF54 and other types of IP55 and can 
be explained by the fact that the number of comorbidi-
ties increases and pulmonary function deteriorates with 
age. Although sex, smoking habit, radiological and/or 
pathological UIP pattern, %FVC and %DLCO were not 
confirmed as prognostic factors due to non- significant or 
inconsistent results or a significant result in a single study 
by multivariate analyses, it is not pathophysiologically 
unreasonable to believe that these factors might have 
prognostic significance. Smoking habit is common for 
men and increases the risk of other comorbidities such 
as hypertension and other cardiovascular diseases, which 
can affect the overall mortality of the disease. Smoking 
may also cause emphysematous changes in pulmonary 
parenchyma combined with pulmonary fibrosis, making 
prognosis worse.56 The presence of a radiological and/or 
pathological UIP pattern represents a progressive fibrotic 
process that is unfavourably responsive to traditional 
immunosuppressants although the prognostic difference 
between UIP and other IP patterns is not as obvious for 
CTD- IP as for IIPs.57 Furthermore, %FVC and %DLCO 
reflect the residual capacity of the lung, which may impact 
the prognosis of the disease.

The findings of prognostic factors in this review should 
be interpreted with caution. In particular, attention 
should be paid to the fact that significance was determined 
based on the results of multivariate analyses, which were 
conducted in only a few studies. As a result, some poten-
tial prognostic factors may possibly have been deemed as 
non- prognostic due to type 2 error in this review. Further-
more, any clinical information that was reported in fewer 
than three studies was excluded from further investiga-
tion for prognostic significance by assuming less clinical 
relevance. However, some clinical features of IPAF such 
as the positivity of clinical, serological and morphological 
domains still seem relevant to the prognosis of the disease. 
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Further research needs to be conducted to address this 
issue. There were also other methodological limitations 
that affected the findings of this review. First, a subgroup 
analysis was not feasible due to a small number of studies, 
although there was clinical and methodological diversity 
between studies. The prognosis and prognostic factors 
of IPAF may probably be different depending on these 
various clinical features. However, at least the effect of 
age is likely to be true regardless of clinical diversity of 
IPAF because this finding was consistent between studies 
and no heterogeneity was identified in the meta- analysis. 
Second, all studies included in this review were affected 
by some risk of bias, and thus the quality of presented 
evidence was deemed as very low. Therefore, more 
primary studies of high quality need to be conducted 
to clarify the prognosis and prognostic factors of IPAF. 
Moreover, the current systematic review and meta- analysis 
should be updated with additional reports in sufficient 
numbers, and other outcomes of clinical relevance that 
were not addressed in this study, such as a progression of 
the disease and CTD incidence, should also be addressed 
in the future.

COnCluSIOnS
This systematic review and meta- analysis demonstrated 
that all- cause mortality of IPAF- UIP was not significantly 
different from that of IPF, although the prognosis of IPAF 
may be better if the proportion of a UIP pattern is small. 
Old age was significantly associated with worse all- cause 
mortality of IPAF.
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