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Abstract: Some contradictory results about the relationship between diabetes mellitus (DM) and idiopathic pulmo-
nary fibrosis (IPF) have been reported. This systematic review aims to estimate the relationship between IPF and
DM from the perspective of evidence-based medicine and evaluate the value of DM for the etiology of IPF. Studies
published prior to February 2016 in PubMed, Embase, The Cochrane Library and the relevant professional associa-
tion website were reviewed for relevant studies. Summary odds ratio (OR) and 95% confidence intervals (Cl) were
performed to evaluate the relationship between DM and the risk of IPF. The sources of heterogeneity and the effect
of potential confounding were explored using sensitivity analysis and subgroup analysis. The possible publication
bias was evaluated by Begg's test and Egger’s test. The search yielded 17 studies for estimating the prevalence of
DM in IPF patients, which 9 studies suitable for meta-analysis. The prevalence of DM in IPF patients was 13.9%,
23.67%, 25.23% in Europe, Asia and North America, respectively. DM was significantly associated with IPF and in-
creased the risk of IPF (OR, 1.696; 95% Cl, 1.34 to 2.14). Significant publication bias was not found. DM is prevalent
in IPF patients. The prevalence of diabetes in IPF patients was higher than the ordinary population. DM constitutes a
risk factor for IPF, there was an increase in the odds for developing IPF among diabetics. DM has significant etiologic
value for IPF and is expected to be one of the causes of IPF.
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Introduction guideline [9]. In addition, the reported preva-
lence of diabetes in IPF patients was highly vari-
able between different studies and the frequen-
cy ranges from 9.67% to 56% [7, 10]. Some
contradictory results have also been reported.
Enomoto et al. [5] found DM may increase risk
for IPF, but Miyake et al. [11] found no associa-
tion with diabetes in IPF patients. To investigate
the relationship between DM and IPF further,

from the perspective of evidence-based medi-

Studies shown lung is one of the target organs
of diabetes mellitus (DM) [1, 2]. van den Borst
et al. [3] found diabetes related with restrictive
lung function abnormalities. Moreover restric-
tive lung dysfunction is one of the characteris-
tics of pulmonary fibrosis. Idiopathic pulmonary
fibrosis (IPF) is a chronic, progressive, diffuse
interstitial lung disease with poor prognosis.

The survival time of IPF is only 2.5-3.0 years
after initial diagnosis. It kills increasing num-
bers of individuals each year [4]. But the etiol-
ogy of IPF remains poorly understood. DM is a
very common disease comorbid with IPF. A pos-
sible association between IPF and DM has
been reported [5]. DM may play a role in the
etiology of IPF [6, 7]. It may be one of the etiolo-
gies of IPF [8]. In 2011, an official diagnosis
and management guidelines for IPF state dia-
betes is one of the risk factors of IPF, but there
is just one reference study related to DM in the

cine, we performed a systematic analysis on
the basis of several related retrospective stud-
ies data to evaluate the role of DM for IPF.

Material and methods

Data sources and searches

We followed the guidelines developed by the
Meta-analysis of Observational Studies in

Epidemiology (MOOSE) group [12]. We conduct-
ed a systematic search in PubMed, Embase


http://
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Figure 1. Study selection flow chart.
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and The Cochrane Library, by the latest of liter-
ature retrieval in February 2016. We also
searched related articles by the relevant pro-
fessional association website including the
American Thoracic Society, American College
of Chest Physicians, American Diabetes Asso-
ciation, European Respiratory Society, Euro-
pean Association for the Study of Diabetes
and International Diabetes Federation. There
was no language restriction. In PubMed, Em-
base and The Cochrane Library, we using a
combination of subject terms (MeSH or Em-
tree terms) and free text words related to IPF,
DM, and observational studies. For other relat-
ed articles, ([idiopathic pulmonary fibrosis] and
[diabetes]) were used or were hand searched.
The electronic search was supplemented by
hand searching the reference lists of relevant
articles.
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The search results were independently scr-
eened by two reviewers (Jian He, Hailong Zhu).
According to inclusion and exclusion criteria,
two reviewers separately selected the poten-
tially relevant articles based on the title and
abstract of these articles. One of the reviewers
was blinded for journal, authors, publication
language, and year. Consensus was reached
between two reviewers on the selected articles.
The selected articles will be further searched
for its full text. Finally, the full text of articles
was assessed by the two reviewers and reach-
ed an agreement. Any different opinions were
being resolved by consensus between the re-
viewers. The following criteria were established
for inclusion: (1) case-control study or cohort
study, containing two groups, a IPF group as
well as a control group; (2) the time period of
the study is definite; (3) patients had IPF or DM
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Table 1. Baseline characteristics of the studies included in the systematic review

Studyvi Data setting Period of Inclusive Study Characteristics of IPF Characteristics of Control
udy/Year . L .
database/hospital enroliment definition of IPF design IPF (n) Mean age,yr Male (n) Control (n) Mean age, yr Male (n)
Tatsuji Enomoto et al. [9]/2003 Hospital 1995-2000 ATS/ERS criteria  Retrospective 52 65.4 (7.8) 41 184 65.6 (8.62) 135
Case-control
Yoshihiro MIYAKE et al. [11]/2005 Hospital 2001.6.1-2001.11.30  ATS/ERS criteria  Prospective 104 NR 94 60 NR 55
Case-control
Jonathan Gribbin et al. [7]/2009 Database 1991-2003 Synonym of IPF to  Retrospective 920 71.4 568 3593 71.4 2228
ATS/ERS criteria  Case-control
Ma Cecilia et al. [6]/2010 Hospital 2000-2005 ATS/ERS criteria  Retrospective 97 62.6 (11.0) 71 560 62.3(12.2) 347
Case-control
Cecilia Garcl “a-Sancho et al. [27]/2011 Hospital 2007-2009 ATS/ERS criteria  Retrospective 100 67.8 (9.5) 71 263 67.9 (9.1) 184
Case-control
Harold R Collard et al. [28]/2012 Database 2001.1.1-2008.9.30  Synonym of IPF to Retrospective 9286 74 (9.2) 5072 9286 74 (9.2) 5072
ATS/ERS criteria cohort
Ning Wu et al. [29]/2013 Database 2006-2011 Synonym of IPF to  Retrospective 1505 71.0 811 4515 71.0 2434
ATS/ERS criteria cohort
Won-Young Kim et al. [30]/2015 Hospital and database 2004-2010 ATS/ERS criteria  Retrospective 460 64.6 (8.0) 364 1925 63.9 (8.0) 1508
Case-control
William Dalleywater et al. [31]/2015 Database 2000.1-2011.9 Synonym of IPF to  Retrospective 3211 75.7 (9.8) 2052 12307 NR NR

ATS/ERS criteria ~ Case-control
ATS: American Thoracic Society; ERS: European Respiratory Society; IPF: Idiopathic pulmonary fibrosis; NR: Not report; yr: Year.

17729 Int J Clin Exp Med 2016;9(9):17727-17738



DM in IPF

Table 2. Characteristics of patients with ipf with diabetes mellitus

Study, Year Continent/ IPF DM Diabetes Control DM Diabetes Included in the
Country (n) (n) (%) (n) (n) (%) meta-analysis
Tatsuji Enomoto et al. [5]/2003 Asia/Nippon 52 17 32.69% 184 21 11.41% Yes
Yoshihiro MIYAKE et al. [11]/2005 Asia/Nippon 104 13 12.50% 60 7 11.67% Yes
Jinkyeong Park et al. [32]/2010 Asia/Korea 324 7 23.80% NR NR NR No
Yu Jin Kim et al. [33]/2012 Asia/Korea 299 53 17.80% NR NR NR No
Won-Young Kim et al. [30]/2015 Asia/Korea 460 90 19.57% 1925 300 15.58% Yes
Nahid A Sherbini et al. [10]/2014 Asia/Saudi Arabia 134 75 56.00% NR NR NR No
Asia 1373 325 23.67%
Jonathan Gribbin et al. [7]/2009 Europe/UK 920 89 9.67% 3593 275 7.65% Yes
H Nunes et al. [34]/2009 Europe/French 70 13 18.00% NR NR NR No
Charlotte Hyldgaard et al. [35]/2014 Europe/Danish 121 21 17.36% NR NR NR No
Juergen Behr et al. [36]/2015 Europe/Germany 261 54 20.70% NR NR NR No
Willam Dalleywater et al. [31]/2015 Europe/UK 3211 450 14.01% 12307 1481 12.03% Yes
Wim Wuyts et al. [37]/2015 European/NR 790 120  15.20% NR NR NR No
European 5373 747 13.90%
Ma Cecilia et al. [6]/2010 North America/Mexico 97 11 11.34% 560 16 2.86% Yes
Cecilia Garci “a-Sancho et al. [27]/2011 North America/Mexico 100 30 30.00% 263 50 19.01% Yes
Harold R Collard et al. [28]/2012 North America/US 9286 2329 25.10% 9286 1737 18.71% Yes
Ning Wu et al. [29]/2013 North America/US 1505 399 26.51% 4515 560 12.40% Yes
Yanni Yu et al. [38]/2014 North America/US 67 20 30.00% NR NR NR No
North America 11055 2789 25.23%
Total 17801 3861 21.70% 32693 4447 13.60%

DM: Diabetes mellitus; IPF: Idiopathic pulmonary fibrosis; NR: Not report; UK: The United Kingdom; US: The United States.

confirmed by specific diagnostic criteria; (4) the
completeness of the data, sufficient informa-
tion to calculate the prevalence of diabetes of
these groups; (5) availability of absolute num-
bers of IPF with DM, IPF without DM, control
with DM, control without DM to allow recon-
struction of the 2x2 table. Exclusion criteria: (1)
overlapping data; (2) there were a study design
flaws, poor quality; (3) data is not complete or
cannot be modified to provide or for conversion
to OR and 95% Cl.

Quality assessment and data extraction

The quality of including studies was evaluated
using the Newcastle-Ottawa Scale (NOS) [13].
Studies were examined by selection, compara-
bility, exposure/outcome and graded on a star
scoring scale. Higher scores represent higher
quality. IPF patients and controls were classi-
fied into two groups: those with DM and those
without DM. The prevalence of DM means that
it is given as a percentage of the normal value
as expected for a healthy subject with the same
age, sex according to local references. For each
study, information was collected on: (1) the use
of a valid reference standard in accordance
with international IPF guidelines; (2) the design
of the study (prospective or retrospective, hos-
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pital or database); (3) the country, published
year and time interval, for calculate between-
study differences in continent and time; (4) the
full description of the inclusion and exclusion
criteria.

Data synthesis and analysis

Categorical variables from individual studies
were presented as a percentage value (n/N),
and continuous variables were presented as
mean values. For each prevalence of diabetes,
pooled estimates were calculated for all stud-
ies. The natural log of the odds ratio (OR) and
its 95% confidence interval (Cl) were used to
measure the pooled effect size of all the stud-
ies. The amount of heterogeneity across stud-
ies was assessed using the Chi-square (x? sig-
nificant levels at P < 0.05) and the I? test. The
criteria for the fixed-effect model was deter-
mined by significant heterogeneity with an I?
statistic value < 50% or P > 0.05; Random-
effect model was determined by the opposite
(I>>50% or P <0.05) [14]. Sources of heteroge-
neity among different studies were systemati-
cally analyzed by sensitivity analysis and sub-
group analysis [15]. Assessment of publication
bias was performed with the Egger’s test and
the Begg’s funnel plot [16, 17]. P values < 0.05
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Table 3. Methodological quality of studies included in the final analysis, based on the Newcastle-Ottawa scale for assessing the quality of case-
control studies

Case-control Selection Comparability Exposure

i Total

. Ade.q.u.ate Representativeness  Selection  Definition Control for |mp9rtant Ascertainment Same mgthod of Non-response
Studies (n=7) definition factor or additional ascertainment (0-9)
of cases of controls of controls of exposure . rate
of cases factor for subjects

Tatsuji Enomoto et al. [5]/2003 * * * * * * * 8
Yoshihiro MIYAKE et al. [11]/2005 * * * * * * * 7
Jonathan Gribbin et al. [7]/2009 * * * * ok * * 7
Ma Cecilia et al. [6]/2010 * * * * * * 7
Cecilia Garci “a-Sancho et al. [27]/2011 * * * * * * * * 9
Won-Young Kim et al. [30]/2015 * * * * * * * 8
William Dalleywater et al. [31]/2015 * * * * k * * 7

Table 4. Methodological quality of studies included in the final analysis, based on the Newcastle-Ottawa scale for assessing the quality of cohort
studies

Cohort study Selection Comparability Outcome
Representativeness Selection of . Demonstration that Comparability of Was follow-up long  Adequacy of Total
. Ascertainment . ) Assessment
Studies (n = 2) of the exposed the non outcome of interest was cohorts on the basis of enough for follow up of  (0-9)
of exposure . . of outcome
cohort exposed cohort not present at start of study  the design or analysis outcomes to occur cohorts
Harold R Collard et al. [28]/2012 * * * * ok * * * 8
Ning Wu et al. [29]/2013 * * * * * * * 7
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Figure 2. Forest plot of diabetes mellitus and idiopathic pulmonary fibrosis in the meta-analysis. Random-effect
model was used to calculate the pooled effect size for OR (chi-squared x? = 84.19, [degree of freedom, df = 8], I> =
90.5%, P = 0.000; and Z = 4.44, P = 0.000). The random pooled effect size (OR) for idiopathic pulmonary fibrosis

due to diabetes mellitus was 1.696, (95% Cl, 1.34 to 2.14).

were considered to be statistically significant.
We used Stata version 12 (Stata Corp LP;
College Station, TX) for meta-analysis.

Results

Search findings and study characteristics

A flowchart of study selection is presented in
Figure 1. A total of 517 articles were found
after the initial literature search. Briefly, the
PubMed, EMBASE and The Cochrane Library
yielded 155, 21, 11 hits respectively. Searches
in the relevant professional association web-
site added 330 potentially relevant hits. 167
articles were excluded from the meta-analysis
because of overlapping data. After identifica-
tion based on abstracts and titles, 150 cita-
tions were excluded because of failure to meet
the inclusion criteria. 150 articles were dis-
carded for not provide the prevalence of DM.
Finally, 17 original studies were selected for
inclusion in the meta-analysis. Among all the
included literatures, there were 8 studies only
had IPF group, no control group, and 9 studies
had IPF and control group. Data from the 17
original studies were sampled across 10 differ-
ent countries in 3 continents. The characteris-
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tics of included studies are presented in Tables
1 and 2. Collectively, 15735 patients and
32693 control subjects were extracted from 9
studies which met the inclusion criteria (Table
1). 17 studies, including 17801 IPF patients,
were used to evaluate the prevalence of DM in
IPF patients (Table 2). Detailed results of NOS
for the 9 studies are available in Tables 3 and
4. Scores were from 7 to 9 and match the
needs of meta-analysis.

The prevalence of diabetes in patients with IPF

In the 17 studies, the prevalence of DM ranged
from 9.67% to 56% for IPF patients. The lowest
prevalence was in UK and the highest was in
Saudi Arabia. By the retrieved literature, the
pooled prevalence of DM was 21.70% for IPF
patients and 13.60% for control subjects (Table
2). The value of P = 0.00 < 0.05. There were
statistical differences between the two groups.
The prevalence of DM for IPF patients is higher
than the control group. IPF patients were divid-
ed by the continents, the prevalence of DM for
patients with IPF were 13.9%, 23.67%, 25.23%
in Europe, Asia, and North America respectively
(Table 2). The prevalence of DM for patients
with IPF was high in Asia and North America

Int J Clin Exp Med 2016;9(9):17727-17738
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Figure 3. A. Forest plot of sensitivity analysis of the 9 original studies in the meta-analysis. The minimum value of lower Cl was 1.24, the maximum value of the
upper Cl was 2.53. The estimate OR and 95% CI did not change significantly after the individual research is removed. B. Forest plots of subgroup for different con-
tinents in the meta-analysis. Random effect models were used to calculate the pooled effect size for Asia, Europe, North America and the OR was 1.740 (95% ClI:
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0.860-3.524) and 1.208 (95% CI: 1.089-1.340), 2.150 (1.397-3.311), respectively. C. Forest plots of subgroup for
the inclusive definition of IPF in the meta-analysis. Random effect models were used to calculate the pooled effect
size for both definition of ATS/ERS criteria and synonym of IPF to ATS/ERS criteria, and the OR was 2.050 (95% ClI:
1.244-3.379) and 1.550 (95% CI: 1.150-2.089), respectively. D. Forest plots of subgroup for different data setting
in the meta-analysis. Random effect models were used to calculate the pooled effect size for data collected from
the hospital, and data collected from the database and the OR was 2.435 (95% CI: 1.372-4.321) and 1.550 (95%
Cl: 1.150-2.089), respectively. Because the degree of freedom is too small, the data collected from the hospital and

database not can be calculated.

Table 5. Studies included in the meta-analysis in different groups between diabetes mellitus and

idiopathic pulmonary fibrosis

Pooled estimates Heterogeneity Test for overall effect
Groups Reference Amount
OR (95% Cl)* X2 pvalue 12 (%) z p value

Continent

Asia [4,7,18] 1.74 (0.86-3.52) 7.33 0.026 72.7 1.54 0.124

European [2, 15] 2 1.21 (1.09-1.34) 0.33 0.563 0.0 3.58 0.000

North America [10-13] 2.15(1.40-3.31) 52.75 0.000 94.3 3.48 0.001
Inclusive definition of IPF

ATS/ERS criteria [4,7,10, 11, 14] 5 2.05(1.24-3.38) 14.19 0.007 718 2.82 0.005

Synonym of IPF to ATS/ERS criteria  [2, 12, 13, 15] 4 1.55(1.15-2.09) 69.44 0.000 95.7 2.87 0.000
Data setting

Hospital [4,7,10, 11] 4 244 (1.37-432) 720 0.066 58.4 3.04 0.002

Database [2,12, 13, 15] 1.55(1.15-2.09) 69.44 0.000 95.7 2.87 0.004

Hospital and database [14] 1.32(1.01-1.71)

*:95% Cl: 95% confidence interval.

than in Europe, P = 0.00 < 0.05. There was sig-
nificant difference of the pooled prevalence of
DM for IPF patients between Asia and North
America, P =0.002 < 0.05. The prevalence was
high in North America than Asia.

Diabetes and IPF

The OR of DM for IPF by random-effect model
was 1.696, (95% Cl, 1.34 to 2.14) (Figure 2).
Sensitivity analysis results show that the esti-
mate OR and 95% CI did not change significant-
ly after individual research is removed (Figure
3A). Countries and continents, inclusive defini-
tion of IPF and data setting were evaluated as
potential sources of heterogeneity. The effect
of these potential confounding was explored
using subgroup analysis (Figure 3B-D; Table 5).
The results of the subgroup analysis show that
there was no heterogeneity between the 2
studies conducted in Europe (I? = 0.0%) and
there was still a large heterogeneity in the rest
of the subgroups (12 > 50%).

Publication bias

The possible publication bias was evaluated
with a funnel plot. Scattered points were sym-
metrical in the funnel plot (Figure 4A). The fun-
nel plot did not reveal a significant difference
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from Begg's test results (Z = 1.67 < 1.96, P >
0.05) (Figure 4B). Our data acquired from
Egger's test (P = 0.454 > 0.05, 95% CI =
-2.65~5.32) also suggested that the publica-
tion bias on the relationship between DM and
IPF was not detected (Figure 4C).

Discussion

The incidence of IPF is increasing in recent
years, but the cause of the disease is not yet
clear. Diabetes is known to affect various organ
systems, such as the cardiovascular system,
Kidneys, and retina [18]. Tissue fibrosis can be
found in diabetic nephropathy and diabetic car-
diomyopathy. So we can think about that wheth-
er diabetes can cause pulmonary fibrosis. In
recent years, a growing number of studies indi-
cate that lung is another important target organ
of DM [1-3, 19, 20]. This means that pulmonary
fibrosis may be one of the complications of DM,
while the correlation between DM and IPF is
relatively small. To date, DM has been associ-
ated with IPF in a number of case-control stud-
ies. The association suggests a potential etio-
logic role of DM in IPF. However, some contra-
dictory results have also been reported. Since
most of these studies were small-scale, case-
control study, it has many potential limitations,
including selection bias, recall bias and mis-
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Funnel plot with pseudo 95% confidence limits

Standard Error of LogRR
”

5
Log Risk Ratio

Egger’s publication bias plot

standardized effect

precision

classification of IPF. The statistical power avail-
able also would be limited. So, it is important to
increase sample size and remove the biases
using the meta-analysis method. To our knowl-
edge, this is the only time that a systematic
review and meta-analysis have been performed
to determine the etiologic value of DM for IPF.

In the results, there was heterogeneity among
different studies, which may be caused by
some reasons. The heterogeneity may be par-
tially related to the utilization of different con-
trol groups and different size samples. Besides,
the case number of this meta-analysis was very
large and the studies were involved in many
countries. The records may have differed in
quality of medical record in different countries.
In addition, the variation in official definition
[21, 22] would be a contributory factor in
explaining the heterogeneity and may give rise
to a dilution of the estimate of the OR.

It is unclear why DM increases the risk of IPF.
The pathogenic mechanisms implicated in this
association remain not to be elucidated.
Hyperglycemia might influence the severity of
bleomycin-induced lung fibrosis in mice. Usuki J
and coworkers found that the morphological
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Figure 4. A. Funnel plot for diabetes mellitus and
idiopathic pulmonary fibrosis in the meta-analysis.
B. Begg's Funnel plot for diabetes mellitus and idio-
pathic pulmonary fibrosis in the meta-analysis. C. Eg-
ger’'s publication bias plot for diabetes mellitus and
idiopathic pulmonary fibrosis in the meta-analysis.

grade of fibrosis was more severe in strepto-
zotocin-induced diabetic mice than that in mice
treated with bleomycin alone [23]. Prolonged
incubation of proteins with glucose leads to
advanced glycation end products [24]. It is
reported that advanced glycation end prod-
ucts-modified proteins accumulated in lung
samples from IPF patients, which may be
involved in the pathogenesis of IPF [25]. Further
studies are needed to confirm the putative
pathogenic mechanisms of IPF with DM.

As giant cell interstitial pneumonia has been
classified as idiopathic interstitial pneumonia,
and after being confirmed as hard metal pneu-
moconiosis [21]. So, idiopathic pulmonary fibro-
sis may be an inappropriate use of the name. A
number of research results have been made to
remove “idiopathic” from the IPF [26]. The main
strength of this meta-analysis is the large num-
ber of cases. The association between IPF and
DM is consistent with the hypothesis that DM is
an important risk factor for IPF. Its causal rela-
tionship needs to further prove. For example, a
prospective cohort study is needed to establish
the exposure of diabetes before the occurrence
of pulmonary fibrosis and the precise dose-
response relationship. Because of the current
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understanding of IPF emphasize its “idiopath-
ic”. Some potential etiologies were neglected
by some scholars. Therefore, except for diabe-
tes, the potential etiology and risk factors of IPF
need to be emphasized. It will help to improve
the prevention and treatment of IPF.

In the official ATS/ERS/JRS/ALAT statement:
idiopathic pulmonary fibrosis: evidence-based
guidelines for diagnosis and management,
there is little information about the association
of IPF and DM [5]. DM increases the risk of IPF.
This meta-analysis documents such a relation-
ship from the perspective of evidence-based
medicine. This meta-analysis provides a evi-
dence for the diagnosis and management
guidelines of IPF. On the basis of meta-analysis
and experimental studies, we speculate that
DM was a cause of IPF, which is the etiologic
value of DM in IPF. The fact that the association
between diabetes and IPF had not being widely
recognized in clinical practice. The results high-
light the importance of DM in IPF. Therefore, in
the absence of efficient treatment options for
the majority IPF patients, the early diagnosis
and treatment of DM and their risk factors may
slow the progression and play a role in the
effort to improve the prognosis of IPF patients.

Limitations

The data of most studies were collected retro-
spectively which means that recall may be a
source of bias. People with diabetes may
receive more medical attention than those
without. We cannot exclude this as a source of
bias.

Conclusion

In this meta-analysis exposure data were col-
lected and further evidences were provided,
the results showed that DM is prevalent in IPF
patients. In Europe, Asia and North America,
the prevalence of diabetes in patients with IPF
increased in turn. The prevalence of diabetes in
patients with IPF was higher than the control
population. DM was significantly associated
with IPF. It constitutes a risk factor for IPF. There
was an increase in the odds for developing IPF
among diabetics. In summary, DM has signifi-
cant etiologic value for IPF. Diabetes is likely to
be one of the causes of IPF. Because there was
still no effective treatment for IPF, looking for
the cause of IPF actively will play an important
role in the prevention and treatment of IPF.
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Further prospective studies are needed to
determine whether treatments for DM can slow
disease progression and fully clarify the impact
of DM on prognosis in IPF patients. Additionally,
we hope that the results can help the clinicians
alert to the possibility of DM in people diag-
nosed with IPF.

Acknowledgements

This work was supported by the National Sci-
ence Foundation of China [NSFC 81570053].
The funders played no role in study design,
data collection and analysis, decision to pub-
lish, or preparation of the manuscript.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Xianghua Yi, De-
partment of Pathology, Tongji Hospital Tongji Uni-
versity of Medicine, Shanghai Tongji Hospital, 389
Xincun Rd., Putuo, Shanghai, China. Tel: +0086-21-
66111162; Fax: +0086-21-66111160; E-mail: yix-
hxf@163.com

References

[1] Klein OL, Kalhan R, Williams MV, Tipping M,
Lee J, Peng J and Smith LJ. Lung spirometry
parameters and diffusion capacity are de-
creased in patients with Type 2 diabetes.
Diabet Med 2012; 29: 212-219.

[2] Irfan M, Jabbar A, Haque AS, Awan S and
Hussain SF. Pulmonary functions in patients
with diabetes mellitus. Lung India 2011; 28:
89-92.

[3] van den Borst B, Gosker HR, Zeegers MP and
Schols AM. Pulmonary function in diabetes: a
metaanalysis. Chest 2010; 138: 393-406.

[4] Raghu G, Weycker D, Edelsberg J, Bradford WZ
and Oster G. Incidence and prevalence of idio-
pathic pulmonary fibrosis. Am J Respir Crit
Care Med 2006; 174: 810-816.

[5] Enomoto T, Usuki J, Azuma A, Nakagawa T and
Kudoh S. Diabetes mellitus may increase risk
for idiopathic pulmonary fibrosis. Chest 2003;
123:2007-2011.

[6] Garcia-Sancho Figueroa MC, Carrillo G, Perez-
Padilla R, Fernandez-Plata MR, Buendia-
Roldan |, Vargas MH and Selman M. Risk
factors for idiopathic pulmonary fibrosis in
a Mexican population. A case-control study.
Respir Med 2010; 104: 305-309.

[7]1  Gribbin J, Hubbard R and Smith C. Role of dia-
betes mellitus and gastro-oesophageal reflux

Int J Clin Exp Med 2016;9(9):17727-17738


mailto:yixhxf@163.com
mailto:yixhxf@163.com

(8]

(9]

(10]

(11]

[12]

[13]

(14]

[15]

(16]

[17]

(18]

DM in IPF

in the aetiology of idiopathic pulmonary fibro-
sis. Respir Med 2009; 103: 927-931.

du Bois RM. Idiopathic pulmonary fibrosis: now
less idiopathic? Respir Med 2009; 103: 791-
792.

Raghu G, Collard HR, Egan JJ, Martinez
FJ, Behr J, Brown KK, Colby TV, Cordier JF,
Flaherty KR, Lasky JA, Lynch DA, Ryu JH,
Swigris JJ, Wells AU, Ancochea J, Bouros D,
Carvalho C, Costabel U, Ebina M, Hansell
DM, Johkoh T, Kim DS, King TE Jr, Kondoh
Y, Myers J, Muller NL, Nicholson AG, Richeldi
L, Selman M, Dudden RF, Griss BS, Protzko
SL, Schiinemann HJ; ATS/ERS/JRS/ALAT Com-
mittee on Idiopathic Pulmonary Fibrosis. An
official ATS/ERS/JRS/ALAT statement: idio-
pathic pulmonary fibrosis: evidence-based
guidelines for diagnosis and management. Am
J Respir Crit Care Med 2011; 183: 788-824.
Sherbini NA, Feteih MN, Amoudi O, Faifi SA,
Wali SO and Khalid I. Idiopathic pulmonary fi-
brosis: demographics, patient characteristics,
clinical and survival data from saudi arabia.
Am J Respir Cirt Care Med 2014; 189: A1445.
Miyake Y, Sasaki S, Yokoyama T, Chida K,
Azuma A, Suda T, Kudoh S, Sakamoto N,
Okamoto K, Kobashi G, Washio M, Inaba Y,
Tanaka H; Japan Idiopathic Pulmonary Fibrosis
Study Group. Case-control study of medical
history and idiopathic pulmonary fibrosis in
Japan. Respirology 2005; 10: 504-509.
Stroup DF, Berlin JA, Morton SC, Olkin I,
Williamson GD, Rennie D, Moher D, Becker BJ,
Sipe TA and Thacker SB. Meta-analysis of ob-
servational studies in epidemiology: a propos-
al for reporting. Meta-analysis of Observational
Studies in Epidemiology (MOOSE) group. JAMA
2000; 283: 2008-2012.

Stang A. Critical evaluation of the Newcastle-
Ottawa scale for the assessment of the quality
of nonrandomized studies in meta-analyses.
Eur J Epidemiol 2010; 25: 603-605.

Higgins JP, Thompson SG, Deeks JJ and Altman
DG. Measuring inconsistency in meta-analy-
ses. BMJ 2003; 327: 557-560.

Song F, Sheldon TA, Sutton AJ, Abrams KR and
Jones DR. Methods for exploring heterogeneity
in meta-analysis. Eval Health Prof 2001; 24:
126-151.

Sterne JA, Egger M and Smith GD. Systematic
reviews in health care: Investigating and deal-
ing with publication and other biases in meta-
analysis. BMJ 2001; 323: 101-105.

Egger M, Davey Smith G, Schneider M and
Minder C. Bias in meta-analysis detected by a
simple, graphical test. BMJ 1997; 315: 629-
634.

Nathan DM. Long-term complications of diabe-
tes mellitus. N Engl J Med 1993; 328: 1676-
1685.

17737

(19]

[20]

(21]

[22]

(23]

(24]

[25]

[26]

(27]

(28]

[29]

[30]

Wannamethee SG, Shaper AG, Rumley A,
Sattar N, Whincup PH, Thomas MC and Lowe
GD. Lung function and risk of type 2 diabetes
and fatal and nonfatal major coronary heart
disease events: possible associations with in-
flammation. Diabetes Care 2010; 33: 1990-
1996.

Hsia CC and Raskin P. Lung function changes
related to diabetes mellitus. Diabetes Technol
Ther 2007; 9 Suppl 1: S73-82.

American Thoracic S and European Respira-
tory S. American Thoracic Society/European
Respiratory Society International Multidisci-
plinary Consensus Classification of the Idio-
pathic Interstitial Pneumonias. This joint state-
ment of the American Thoracic Society (ATS),
and the European Respiratory Society (ERS)
was adopted by the ATS board of directors,
June 2001 and by the ERS Executive Com-
mittee, June 2001. Am J Respir Crit Care Med
2002; 165: 277-304.

American Thoracic Society. Idiopathic pulmo-
nary fibrosis: diagnosis and treatment. Inter-
national consensus statement. American Tho-
racic Society (ATS), and the European Re-
spiratory Society (ERS). Am J Respir Crit Care
Med 2000; 161: 646-664.

Usuki J, Enomoto T, Azuma A, Matsuda K,
Aoyama A and Kudoh S. Influence of hypergly-
cemia to the severity of pulmonary fibrosis.
Chest 2001; 120: 71S.

Brownlee M, Cerami A and Vlassara H. Ad-
vanced glycosylation end products in tissue
and the biochemical basis of diabetic compli-
cations. N Engl J Med 1988; 318: 1315-1321.
Matsuse T, Ohga E, Teramoto S, Fukayama M,
Nagai R, Horiuchi S and Ouchi Y. Immunohis-
tochemical localisation of advanced glycation
end products in pulmonary fibrosis. J Clin
Pathol 1998; 51: 515-519.

Center DM. Taking the “idio” out of idiopathic
pulmonary fibrosis: a call to arms. Am J Respir
Crit Care Med 2007; 175: 1101-1102.
Garcia-Sancho C, Buendia-Roldan |, Fernandez-
Plata MR, Navarro C, Perez-Padilla R, Vargas
MH, Loyd JE and Selman M. Familial pulmo-
nary fibrosis is the strongest risk factor for
idiopathic pulmonary fibrosis. Respir Med
2011; 105: 1902-1907.

Collard HR, Ward AJ, Lanes S, Cortney
Hayflinger D, Rosenberg DM and Hunsche E.
Burden of illness in idiopathic pulmonary fi-
brosis. J Med Econ 2012; 15: 829-835.

Wu N, Yu Y, Chuang CC, Wang R, Benjamin
N and Coultas D. Retrospective cohort study
to assess patterns of healthcare resource use
in US patients with idiopathic pulmonary fi-
brosis. Chest 2013; 144: 472A.

Kim WY, Mok Y, Kim GW, Baek SJ, Yun YD, Jee
SH and Kim DS. Association between idiopath-

Int J Clin Exp Med 2016;9(9):17727-17738



(31]

[32]

[33]

[34]

DM in IPF

ic pulmonary fibrosis and coronary artery dis-
ease: a case-control study and cohort analysis.
Sarcoidosis Vasc Diffuse Lung Dis 2015; 31:
289-296.

Dalleywater W, Powell HA, Hubbard RB
and Navaratnam V. Risk factors for cardiovas-
cular disease in people with idiopathic pul-
monary fibrosis: a population-based study.
Chest 2015; 147: 150-156.

Park J, Song J, Kim D, Lee S, Kim W, D.Kim
and E.chae. Prevalence of ischemic heart dis-
ease among the patients with idiopathic pul-
monary fibrosis. Am J Respir Crit Care Med
2010; 181: A2962.

Kim YJ, Park JW, Kyung SY, Lee SP, Chung MP,
Kim YH, Lee JH, Kim YC, Ryu JS, Lee HL, Park
CS, Uh ST, Lee YC, Kim KH, Chun YJ, Park YB,
Kim DS, Jegal Y, Lee JH, Park MS and Jeong
SH. Clinical characteristics of idiopathic pul-
monary fibrosis patients with diabetes melli-
tus: the national survey in Korea from 2003 to
2007. J Korean Med Sci 2012; 27: 756-760.
Nunes H, Carton Z, Cottin V, Israel-Biet D,
Brauner M, Kambouchner M, Cadranel J,
Prevot G, Juvin K, Wislez M, Crestani B, Maitre
B, Marchand-Adam S, Wallaert B, Borie R,
Feullet S, Sanchez O, Chevret S, Cordier JF
and Valeyre D. A french national prospective
cohort of patients with idiopathic pulmonary
fibrosis (IPF): demographic characteristics. Am
J Respir Crit Care Med 2009; 179.

17738

(35]

(36]

(37]

(38]

Hyldgaard C, Hilberg O and Bendstrup E. How
does comorbidity influence survival in idio-
pathic pulmonary fibrosis? Respir Med 2014;
108: 647-653.

Behr J, Kreuter M, Wirtz H, Hoeper M, Klotsche
J, Koschel D, Andreas S, Neurohr C, Claussen
M, Grohe C, Wilkens H, Randerath W and
Pittrow D. Insights on the management of pa-
tients with idiopathic pulmonary fibrosis in
clinical practice: INSIGHTS-IPF. Am J Respir
Crit Care Med 2014; 189: A1434.

Wuyts W, Poletti V, Albera C, Guenther A,
Bendstrup E, Bruhwyler J and Giot C. A euro-
pean pooled analysis of epidemiological regis-
tries in idiopathic pulmonary fibrosis (IPF): de-
mographics and baseline characteristics. Am J
Respir Crit Care Med 2015; 191: A2507.

Yu Y, Goehring E, Nguyen-Khoa BA, Holmes J,
Jones J, Evans A and Sicignano N. Comorbidity
burden and healthcare resource use in pa-
tients with idiopathic pulmonary fibrosis (IPF)
in the United States (US) Military Health
System. Chest 2014; 146: 373A.

Int J Clin Exp Med 2016;9(9):17727-17738



