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PULMONARY FUNCTION TESTS IN TYPE-2 DIABETES. A META-
ANALYSIS

ABSTRACT

Objectives: To determine the association between type 2 diabetes (T2D) and
pulmonary function tests.

Methods: After conducting an exhaustive literature search, we performed a
meta-analysis. We employed the inverse variance method with a random
effects model to calculate the effect estimate as the mean difference (MD) and
95% confidence interval (Cl). We calculated the heterogeneity with the I?
statistic and performed a meta-regression analysis by sex, body mass index
(BMI), smoking and geographical region. We also conducted a sensitivity
analysis according to the studies’ publication date, size of the T2D group and
the study quality, excluding the study with the greatest weight in the effect.

Results: The meta-analysis included 66 studies, one longitudinal, 2 case-
control and 63 cross-sectional ones, with 11,134 patients with T2D and 48,377
control participants. The pooled MD (95%CI) for the predicted percentage of
FEV:, FVC, FEF75%, PEF and DLco were -7.15 (95%Cl -8.27, -6.03;
p<0.001), -9.21 (95%CI -11.15, -7.26; p<0.001), -9.89 (95%CI -14.42, -5.36;
p<0.001), -9.79 (95%CI -13.42, -6.15; p<0.001) and -7.13 (95%CI -10.62, -3.64;
p<0.001), respectively. There was no difference in the ratio of FEV:i/FVC
(95%CI -0.27; -1.63, 1.08; p=0.69). In all cases, there was considerable
heterogeneity. The meta-regression analysis showed that between studies
heterogeneity was not explained by patient sex, BMI, smoking or geographical
region. The findings were consistent in the sensitivity analysis.

Conclusions: T2D is associated with impaired pulmonary function,
independently of sex, smoking, BMI, and geographical region. Longitudinal
studies are needed to investigate outcomes for patients with T2D and impaired
pulmonary function.
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INTRODUCTION

Diabetes is a chronic disease that affects 463 million people worldwide over the
age of 20 years and is expected to affect more than 570 million by 2030 [1].
Diabetes is a leading cause of cardiovascular disease, blindness, kidney failure
and lower limb amputation [2]. It is estimated that 4.2 million deaths worldwide
were due to type-2 diabetes (T2D) and its complications in 2019 [1].

T2D affects all organs in the human body. It usually develops relatively slowly,
and it is frequent the existence of target organ damage when T2D is diagnosed.
A number of studies have shown fibrotic changes in the lungs [3] and
pulmonary microcirculation disorders in patients with diabetes [4]. There have
been persistent attempts investigating abnormal respiratory conditions in
general diabetic patients [5-6]. However, pulmonary function impairment has not
been well studied in patients with T2D. Although interest in this condition has
increased in recent years, the findings of studies reflect high variability. A 2010
meta-analysis by van den Borst et al showed an association between T2D and
a restrictive pattern [7]. Recently, Saini et al have conducted a new systematic
review including exclusively English language studies published in PubMed
between 2010 and 2018 [8]. Both meta-analysis reported data about forced
expiratory volume in one second (FEV,), forced vital capacity (FVC) and
FEV1/FVC ratio, and van den Borst et al also data about diffusing capacity of

the lungs for carbon monoxide (DLco).

We hypothesize that lung may be a target organ of T2D. To contribute to
advance the knowledge in this field, we decided to perform a new meta-analysis
including literature published in all languages and analyzing the influence of
publication date, study quality and number of individuals included. Furthermore,
as novelty, we determined the influence of sex, tobacco use, geographical area
and body mass index. The aim of this meta-analysis was to investigate the
abnormal pulmonary function test results for patients with T2D incorporating the

most recent studies. In addition to the parameters reported in the two previous



systematic reviews, we included forced expiratory flow between 25% and 75%
of total lung capacity (FEF2s.754,) and peak expiratory flow (PEF).

METHODS

We designed this meta-analysis to determine the influence of T2D on the
following parameters of pulmonary function tests: FEV,, FVC, FEV1/FVC ratio,
FEF>5.754, PEF and DLco.

The protocol for this meta-analysis was recorded in the PROSPERO registry
(number CRD42020145456) and was conducted according to the guidelines of
the Meta-analysis of Observational Studies in Epidemiology (MOOSE) group.

Data sources and search strategy

We performed a systematic search in PubMed, EMBASE, The Cochrane
Library and Virtual Health Library databases from their inception to August 1%,
2019. The search strategy was “(pulmonary function test OR FEV; OR FVC OR
DLco OR PEF OR FEF2s.75) AND diabetes”. We performed an additional search
in Google and ResearchGate. The reference lists of the selected studies were

screened manually to find more studies.

Study selection

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

criteria:

() Presence of a T2D group and a control group without diabetes.
(i) Provide values either of FEV,;, FVC, PEF, FEFs.75%, DLco and/or
FEV1/FVC ratio for both patient groups.

The exclusion criteria were studies on cystic fibrosis-related diabetes, type-1
diabetes, studies that did not differentiate between type-1 and type-2 diabetes,

studies that included patients with respiratory diseases as asthma or chronic



obstructive pulmonary disease, studies that did not report data on mean and
standard deviation, studies published in predatory journals, conference
abstracts, theses and articles published in Chinese language. We considered
predatory all journals that appeared in the List of Predatory Journals
(https://predatoryjournals.com/journals/). When two studies referred to the same
population, in the same period and showed overlapping data, we selected the

most recent study for inclusion.

We independently screened the articles by reviewing the titles and abstracts.
We recovered the studies that met the inclusion criteria and those with abstracts
that lacked crucial information to evaluate the full text. Any discrepancy was

resolved by consensus.

When a study’s full text was not accessible online or supplemental data were
required, we made an attempt to contact the authors by email; unfortunately,

these attempts were not successful.

Quality assessment

We independently assessed the risk of bias of all the studies included using the
Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies
(National Heart, Lung, and Blood Institute at the National Institutes of Health,
USA), available from https://www.nhlbi.nih.gov/health-topics/study-quality-
assessment-tools. It includes 14 items about objective, population, rate of
eligible persons, sample size, exposure, outcomes, blinded assessors, follow-
up and confounding varables. The two authors classified the studies as good,
fair or poor. Any discrepancy was resolved by consensus. We considered a
study as poor when T2D patients and controls were not selected from the same
population or in a different time or place, and fair when we cannot determine
this and there were doubts about a selection bias. All studies were included in
the meta-analysis; however, we conducted a sensitivity study only on those

studies of good quality.



Data extraction

From each included study, we extracted the following information: first author,
year of publication, country, sample size, patient age, sex, body mass index,
tobacco use, T2D duration, fasting blood glucose, glycated hemoglobin and
microangiopathy. The extracted results were FEV; (liters, L), percentage of
predicted (%) FEV:, FVC (L), %FVC, FEV./FVC ratio(%), FEFzs.750 (L/S),
%FEF25.7500, PEF (L/S), %PEF, DLco (mL/min/mm Hg) and %DLco. Whenever
the T2D or control group was divided into subgroups, a pooled mean and

standard deviation for these combined subgroups was calculated.

Data synthesis and statistical analysis

We performed the statistical analysis using Review Manager version 5.3
(Cochrane Collaboration, Baltimore, MD, USA). The results are expressed as
mean differences with 95% confidence intervals. Throughout the analysis, we
applied the inverse variance method with a random effects model. To assess
the heterogeneity and inconsistency between the studies, we employed the tau
squared and | squared (I?) statistics. Data with p=0.10 and 1°<50% were defined
as low heterogeneity. We evaluated the publication bias with a funnel plot. We
planned a meta-regression analysis by subgroup according to sex, geographical
area, tobacco use and body mass index. We performed a sensitivity analysis by
applying a fixed effects model and calculating the effect estimates according to
publication date, size of T2D group and study quality and by eliminating the
study with the greatest weight on the effect. We established three categories of
publication year, before 2000, 2000-2009 and 2010-2019, and two categories of
T2D group size, < 50 and = 50 patients. For the sensitivity analysis according
study quality, we calculated the effect estimates in two ways, including only the
good quality studies and including all studies adding predatory journals and

grey literature.



Results
Study selection

We identified 17,662 records. Figure 1 shows the study selection flowchart. Our
initial search strategy produced 17,549 articles. With the manual search of the
reference lists and the additional search in Google and ResearchGate, we
added 115 articles. After eliminating the duplicated and irrelevant articles, we
were left with 263 articles. We excluded 191 articles for the following reasons:
62 had no control group, 49 included patients with types 1 and 2 diabetes
without differentiating them, 30 provided insufficient numerical data to be
included in the meta-analysis, 26 originated from predatory journals, 10
presented overlapping data, six came from grey literature (theses and
proceedings), four were in Chinese language, one included patients with
respiratory diseases, two were meta-analyses and one was an editorial. There
was no inter-rater agreement in study selection and consensus was necessary
for eight studies. Furthermore, the full-text of six papers was not found
(supplementary material). Ultimately, we included 66 studies in the meta-
analysis [9-74], one longitudinal, 2 case control and 63 cross-sectional ones.
From the longitudinal study, we extracted only the baseline pulmonary function

test data.

Study characteristics

Table 1 lists the characteristics of the included studies, which were published
between 1991 and 2018. Three studies were conducted in Africa, 11 in
America, 33 in Asia, 18 in Europe and one in Oceania. Fifty-eight studies were
written in English, 4 in Turkish, 2 in Spanish, one in German and one in
Japanese. After the quality assessment, we classified 60 studies as good, six
as fair and four as poor. The inter-rater agreement was full. A total of 59,511
participants were included, 11,134 in the T2D group and 48,377 in the control
group. The age range of T2D patients was 39.8-79 years, and 35.1% were

women.



Pulmonary function tests

We provide here data on predicted percentages of pulmonary function tests.
Data about absolute values are reported in supplementary material.

FEV;

A total of 41 studies included data on %FEV4, and 34 included data on FEV(L).
Figures 2A and S1 (supplementary material) show the comparison forest plot.
The pooled effect estimates for the patients with T2D were -7.15 (95%CI -8.27
to -6.03; p<0.0001) for %FEV; and -0.34 (95%CI -0.42 to -0.27; p<0.0001) for
FEV.(L).

FvC

A total of 35 studies included data on %FVC, and 23 included data on FVC(L).
Figures 2B and S2 (supplementary material) show the effect estimates. The
pooled estimates for the patients with T2D were -9.21 (95%CI -11.15 to -7.26;
p<0.0001) for %FVC and -0.36 (95%CI -0.43 to -0.29; p<0.0001) for FVC(L).

FEV1/FVC ratio
A total of 45 studies included data on the FEV,/FVC ratio (%). Figure 3 shows

the comparison forest plot. The pooled effect estimate for the patients with T2D
was -0.27 (95%CIl -1.63 to 1.08; p<0.69).

FEF25.75%

A total of 13 studies included data on %FEF2s.7504, and 12 included data on
FEF25.750 (L/S). Figures 4A and S3 (supplementary material) show the forest
plots of the effect estimates. For the patients with T2D, the pooled estimates for
%FEF 257500 and FEF5.750(L/s) were -9.89 (95%CI -14.42 to -5.36; p<0.0001)
and -0.48 (95%CI -0.71 to -0.24; p<0.0001), respectively.



PEF
A total of 15 studies included data on %PEF, and 19 included data on PEF(L/s).
Figures 4B and S4 (supplementary material) show the comparison forest plot.
The pooled effect estimates for the patients with T2D were -9.79 (95%Cl -13.42
to -6.15; p<0.0001) for %PEF and -1.07 (95%CI -1.43 to -0.71; p<0.0001) for
PEF(L/s).

DLco

A total of 12 studies included data on %DLco, and ten included data on
DLco(mL/min/mm Hg). Figures 4C and S5 (supplementary material) show the
comparison forest plot. The pooled effect estimates for the patients with T2D
were -7.13 (95%CI -10.62 to -3.64; p<0.0001) for %DLco and -3.42
(95%CI -5.14 to -1.70; p<0.0001) for DLco (mL/min/mmHg).

There was significant heterogeneity for all parameters of the pulmonary function
tests (1%, 80-100%).

Subgroup analysis
Tables 2 and S1 (supplementary material) present the meta-regression analysis

prespecified by subgroup.

Sex

Fifteen studies reported data differentiated by sex. A comparison could be
established for %FEV,, FEV,(L), %FVC, FVC(L), FEV1/FVC ratio and PEF (L/s).

There were no differences by sex (p>0.25 for all cases).

Tobacco use

Fourteen studies included patients who smoked and those who did not, and 43

studies included exclusively nonsmokers. Another nine studies did not report



data on tobacco use. There was heterogeneity between the groups; the effect
estimate for the patients with T2D who did not smoke presented a reduction in
%FEV:, %FVC, FVC(L) (p<0.01 for all) and PEF(L/s) (p<0.001), which was
higher than in the other studies that included smokers and nonsmokers.

Geographical region

The same abnormal pulmonary function test results were observed in the
patients with T2D in all continents. However, we observed heterogeneity
between the various continents in %FEV;, %FVC, FEV./FVC ratio, FEF.
75%(L/S), Y0PEF, DLco(mL/min/mm Hg) (all p<0.001) and PEF(L/s) (p=0.004).

Sensitivity analysis

When we applied the fixed effects model, we observed the same abnormal
pulmonary function test results. The same result occurred when we performed
an analysis separated by publication year, size of the T2D group, study quality
and even when we included the articles from predatory journals and from the
proceedings of congresses (Tables 3 and S2 supplementary material). The
magnitude of the effect estimates was higher for %FEV1, %FVC, %FEF25.750,
%PEF and %DLco when only good quality studies were included in the meta-
analysis. The removal of the study with greatest weight in each pulmonary

function test did not change the results.

Publication bias

The funnel plots showed asymmetry, indicating the presence of potential

publication biases (figures 5 and S6 supplementary material).



DISCUSSION

The results of our meta-analysis show that all of the pulmonary function test
results, except the FEV1/FVC ratio, were decreased for the patients with T2D.
This pulmonary function impairment in T2D is observed worldwide, also in

nonsmokers and is independent of sex.

Various qualitative reviews have been published on the influence of diabetes on
pulmonary function [75-80], all of which have reported the presence of a
reduction in FEV; and FVC in patients with diabetes. In 2010, van den Borst et
al published a meta-analysis on pulmonary function in patients with diabetes [7],
which included 16 studies with 1695 patients with T2D and 10,260 controls. The
pooled difference in the %FEV;, %FVC and %DLco was -4.86, -6.67 and -9.30,
respectively, with no difference in the FEVi/FVC ratio. Their results are

consistent with those observed in our meta-analysis.

Recently, Saini et al reported another meta-analysis with 22 studies that
included 7526 patients with T2D and 43,641 controls [8]. The pooled difference
in the %FEV; and %FVC was -6.37 and -6.56 respectively, with no difference in
the FEV./FVC ratio. The meta-analysis also presented data on FEV;(L),
FVC(L), with differences of -0.27 and -0.31 L, respectively, which were
consistent with those observed in our meta-analysis. However, our meta-
analysis and that of Saini et al. differ in the included studies. In our meta-
analysis there are 20 studies that Saini et at did not include-[38,40,43,44,47-
50,53,57,59-68]. Moreover, we did not include 9 of the studies in the Saini et al
meta-analysis because we considered that the studies did not clearly state that
they only included patients with T2D [supplementary material, references S86-
S88, S96, S98, S103, S104, S106, S108]. Unlike the studies by van den Borst
et al and Saini et al, our meta-analysis included data on PEF and FEF25.754.
The patients with T2D have a reduction of almost 10% in both of these tests,

which indicates that there was impairment both in the large and small airways.



The functional impairment observed in patients with T2D for FEV; and FVC
appear modest but is approximately 300 mL. Much lower differences (100-150
mL) have been considered significant in clinical trials with bronchodilators in
patients with chronic obstructive pulmonary disease [81,82]. Therefore,
pulmonary function impairment in T2D is relevant, although prospective
longitudinal studies are still necessary to elucidate the progression of patients
with diabetes and pulmonary impairment. It is widely known that patients with
T2D have more diseases and pulmonary infections, including pneumonia and
tuberculosis [83,84].

The prevalence of T2D varies according to geographical region and is higher in
North America, Southeast Asia and the Middle East [1]. Age, sex, weight,
height, body position and ethnicity are factors that affect pulmonary function
[85]. We therefore proposed a prespecified analysis of pulmonary function tests
for patients with T2D from various continents. Patients with T2D from all
geographical regions presented reduced FEV;, FVC, PEF, FEF25.75%, and DLco.
We also found that impairment of T2D in the pulmonary function tests was
observed in both sexes and did not change when we included only those
studies with nonsmoker patients. In fact, the decrease of pulmonary function
tests was higher in studies that included only nonsmokers than in the studies
with a mixture of smokers and nonsmokers. We don’t have an explanation for
this finding, but we have observed that most of studies including smokers were
conducted in Europe and America. It is possible that patients included in studies
from Asia and Africa were nonsmokers but had more environmental exposure to

biomass fuel, air pollution or other noxious particles or gases.

Overweight and obesity are associated with a detriment of lung function [86,87].
Therefore, we could consider that BMI is a confounder. Interestingly, we have
observed that the reduction in pulmonary function tests, specifically FEV;, FVC,
FEF2s.7500 and DLco, IS present in normal, overweight and obese patients with
T2D. FEV; reflects the airway resistance, and FVC the total compliance from

both the chest wall and the lungs. The fat accumulation on the chest wall and in



abdomen substantially alters the movement of thoracic cage and diaphragm

and impairs the lung compliance [88].

Including PEF and FEFs5.759 is one of novel findings in this meta-analysis. The
decrease of %PEF and %FEV: in patients with T2D was -9.79% y -7.15%
respectively. It is known that there is high correlation between both parameters.
However, while FEV; is a good indicator of peripheral and proximal airway
resistance, PEF reflects the status of proximal airway and is more effort
dependant. FEF2s.750, IS a function of the small airway obstruction. The
structural changes of airway and the destruction of the lung parenchyma can
modify FEF2s.750. Thus, other mechanisms, and not only obesity or tobacco
use, must be involved in the decrease of lung function in patients with T2D and

normal or overweight.

There are structural abnormalities in the lungs of patients with diabetes that
could help explain the abnormal pulmonary function test results. Studies on the
lungs of obese diabetic rats have observed thickening of alveolar basal lamina
[88]. Autopsies of human patients with diabetes have also observed thickening
of the capillary and epithelial basement membrane [89,90]. This thickening is
due to inflammatory and fibrotic changes [91]. Fibrosis causes reduced
pulmonary elasticity and can decrease lung volumes in T2D. The deterioration
of alveolar integrity has also been shown through lung scans following
radionuclide inhalation [92]. Alteration of the capillary microcirculation structure
can impair pulmonary perfusion and change the ventilation/perfusion ratio [93],

which would explain the reduction in DL¢o in patients with T2D.

Various biochemical mechanisms have been proposed to explain the pulmonary
damage observed in T2D [94]. Sustained hyperglycemia causes reduced
superoxide dismutase activity and increased oxidative stress. The oxidative
stress increases nonenzymatic glycosylation, contributing to pulmonary fibrosis.

Abnormalities in the polyol pathways have also been involved, as well as



abnormalities in the protein kinase B and nuclear factor KB signaling pathways
and in transforming growth factor beta [91,94].

Heterogeneity is an important finding in our meta-analysis. There are several
possible reasons for it. Firstly, there are differences in participants of studies.
The mean age of T2D patients ranged from 39.8 to 79 years, the T2D duration
from 0.35 to 12.9 years, the mean glycated hemoglobin from 6.1 to 9.5% and O-
92% patients had microangiopathy. Even in each continent, there are
differences among patients from various geographical regions, for example
between Japanese and lIranian in Asia, or Canadian and Venezuelan in
America, or German and Greek people in Europe. Secondly, it is possible a
publication bias. Probably there are small studies with negative results that

have not been published.

One of our study’s strengths is the exhaustive literature comprehensive
literature search that only excluded Chinese articles. Our additional search
provided a large number of articles not collected in the main databases.
However, there was a notably high number of articles published in predatory
journals, which leads us to think that there are a significant number of studies
on pulmonary function in patients with T2D that have not been published,
probably due to their low methodological quality. We also performed a
sensitivity analysis, observing that the abnormalities in the pulmonary function
test results were maintained when we changed statistical analysis method, both
with a fixed and a random effects model. The results also did not change when
we differentiated them by study publication date, by including only the good
quality studies and even when we excluded the study with the greatest weight,

all of which reinforces the results of the meta-analysis.

However, our study also has a number of limitations. Firstly, we resolved the
discrepancies in study selection and quality assessment by consensus, and did
not calculate the Cohen’s kappa. However, the level of inter-rater agreement

was high in study selection and total in quality assessment. Secondly, we



observed considerable heterogeneity between the studies, even between those
performed in the same geographical region. Although the implementation of a
pulmonary function test is standardized, we cannot rule out that the
heterogeneity is due to differing methods for measuring the pulmonary
parameters. Thirdly, of the 66 studies included in the meta-analysis, only half
included 50 or more cases in the T2D group, which leads us to think that many
more studies might have been conducted with small groups that have not been
published. The funnel plots also seem to indicate this idea. However, the results
were consistent when we included only the studies with more patients. Finally,
only a small number of the studies provided data separated by sex. The results
of the analysis by sex should therefore be taken with caution and should be

validated in future studies with a large number of patients.

In conclusion, T2D is associated with pulmonary function impairment; however,
further studies with large numbers of patients from all geographical areas are
needed to corroborate these data and to provide insight into the still pending
issues on pulmonary impairment in patients with T2D, specifically progression

and possible therapies.
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Table 1. Characteristics of the included studies and patients with type 2 diabetes

Ref | Study, author, year Country DM group size Mean Smokers, BMI Fasting Glycated T2D Patients with Pulmonary function tests Study
(continent) (men/women) age, % (kg/m?) blood Hb (%) duration, | microangiopath quality
years glucose, years y (%)
mmol/L

9 Matsubara, 1991 Japan (As) 53 (29/23) 58.0 NR NR NR 9.5 7.4 NR FEV;, DLco Fair
10 Lara-Rodriguez, Venezuela (Am) 12 (7/5) 47.0 0 NR NR NR NR 83 FEV3, FVC, FEV,/FVC, FEF;s5.75%, DLco Fair

1995
11 Barrett-Connor, USA (Am) 139 (71/68) 75.9 5.7 26.3 6.94 NR NR NR FEV,, FVC Good

1996
12 | Katoh, 1996 Japan (As) 19 (10/9) 50.5 NR 27.8 7.49 7.5 NR NR FEV, Fair
13 Isotani, 1999 Japan (As) 54 (23/31) 54.9 0 22.2 9.77 9 11.0 68.5 FEV,, DLco Good
14 Benbassat, 2001 Israel (As) 12 (8/4) 60 0 29.6 NR 9.0 12.8 33 FEV31, FVC, FEF;5.759%, DLco Good
15 Zamarron, 2001 Spain (Eu) 31(5/26) 71.1 0 NR NR NR NR NR FEV3, FVC, FEV1/FVC, FEF;s5.75%, DLco Good
16 Ari, 2002 Turkey (Eu) 25 (5/20) 55.6 0 25.8 NR 7.5 9.4 25 FEV,, FVC, FEV1/FVC, FEF;5.75%, PEF, DLco Good
17 Guazzi, 2002 Italy (Eu) 15 (8/7) 62.3 0 NR 7.6 6.1 NR NR FEV;, DLco Good
18 Maiolo, 2002 Italy (Eu) 12 (0/12) 50.3 0 32.6 11.43 NR NR NR FEV,, FVC, FEV,/FVC, PEF Good
19 Boulbou, 2003 Greece (Eu) 33 NR 0 27.3 NR NR NR NR FEV3, FVC, FEV41/FVC, DLeo Good
20 Guvener, 2003 Turkey (Eu) 25 (9/16) 56.3 0 29.9 NR 7.4 5.8 63.6 FEV4, FVC, PEF, DLco Good
21 | Melo, 2003 Brazil (Am) 17 (8/9) 47.0 0 NR NR NR 7.5 47 FEV,, FVC, FEV,/FVC, FEF25-75 Good
22 Lau, 2004 China (As) 40 (26/14) 49.8 10 25.9 NR 7.9 7.8 50 FEV,, FVC, FEV1/FVC, DLco Poor
23 Sinha, 2004 India (as) 29(21/8) 46.7 0 24.9 14.54 8.6 4.4 414 FEV,, FVC, PEF, DLco Good
24 Weisbrod, 2005 Australia (Oc) 8(5/3) 56.2 0 29.9 9.1 7.9 5.1 0 FEV4, FVC, FEV4/FVC Good
25 Meo, 2006 Saudi Arabia 32(32/0) 52.6 0 NR NR NR 10 NR FEV,, FVC, FEV1/FVC, FEF2s.75%, PEF Good

(As)

26 Ortiz-Aguirre, 2006 Mexico (Am) 144 (54/90) 57.7 36.8 28.8 9.16 NR 9.2 NR FEV., FVC, FEV4/FVC, PEF Poor
27 Ozsahin, 2006 Turkey (Eu) 25 (6/19) 55 0 24.3 NR NR 9.3 92 DLco Fair
28 Chance, 2008 USA (Am) 69 (38/31) 46.1 0 31.1 NR 8.3 7.8 38 FEV,, FVC, FEV,/FVC Good
29 Dennis, 2008 Colombia (Am) 262 (107/155) 50.9 15.3 NR NR NR NR NR FEV,, FVC, FEV,/FVC Good
30 Kabitz, 2008 Germany (Eu) 21(21/0) 63.6 NR 28.5 NR 7.3 12.9 52.4 FEV4, FVC, FEV4/FVC Good
31 Yeh, 2008 USA (Am) 1100 (528/572) 55 19 30.9 NR NR NR NR FEV,, FVC, FEV,/FVC Good
32 Ali, 2009 Bangladesh (As) 60 (60/0) 51.8 0 21.3 NR 6.8 10.6 NR FEV,, FVC, FEV,/FVC Good
33 Saler, 2009 Turkey (Eu) 68 (19/49) 524 0 27.0 NR 7.4 7.6 44 DLco Good
34 Verma, 2009 India (As) 50 (30/20) 50.2 0 NR NR NR NR NR FEV,, FVC, FEV1/FVC, FEF;5.75%, PEF Good
35 Agarwal, 2010 India (As) 30(17/13) 44.6 0 22.0 NR 8.7 54 50 FEV3, FVC, FEF;s5.75%, PEF, DLco Good
36 Ali, 2010, Bangladesh (As) 60 (60/0) 51.8 0 21.3 NR 6.8 10.6 NR FEF3s5.75%, PEF Good
37 Lecube, 2010 Spain (Eu) 25 (0/25) 44.0 0 49.2 8.6 7.5 NR 16 FEV1, FVC, FEV1/FVC, FEF3s5.759% Good
38 | Ozoh, 2010 Nigeria (Af) 101 (47/54) 46.1 0 28.3 NR 7.8 1m-18y NR FEV,, FVC, FEV41/FVC, PEF Good
39 Buyukhatipoglu, Turkey (Eu) 80 (40/40) 47.8 0 26.7 10.77 9.3 5 50 DLco Good

2011
40 | Ceylan, 2011 Turkey (Eu) 37 (16/21) 39.8 0 NR NR 8.2 7 NR FEV., FVC, FEV.1/FVC, FEF5.75%, PEF, DLco | Good




41 Dharwadkar, 2011 India (As) 40 (25/15) 52.3 0 22.7 8.2 NR 6.4 NR FEV1, FVC, PEF Poor
42 Kim, 2011 South Korea 2745 55 29 25.1 NR NR NR NR FEV3, FVC, FEV,/FVC Good
(As) (2168/577)
43 Klein, 2011 USA (Am) 76 (33/43) 63.1 29 34.2 NR NR 6.7 NR FEV,, FVC Good
44 Al-Habbo, 2012 Iraq (As) 45 (26/19) 46.7 NR NR NR NR NR NR FEV,, FVC, FEV1/FVC, FEF;5.75%, PEF Good
45 Klein, 2012 USA (Am) 303 (178/125) 61.7 29.4 31.4 NR NR NR NR DLco Good
46 Klein, 2012b USA (Am) 560 (314/260) 62.0 27 31.7 NR NR NR NR FEV,, FVC, DLco Good
47 | Nandhini, 2012 India (As) 45 (30/15) 47.1 NR NR 7.1 NR 6.3 NR FEV:, FVC, FEV1/FVC, FEF,s.75%, PEF Good
48 | Abd-El-Azeem, 2013 | Egypt (Af) 30 NR 0 NR NR NR NR NR FEV:, FVC, FEV1/FVC, FEFys.7s%, PEF, DLeo | Good
49 Akber, 2013 Iraq (As) 63 (28/35) 51.0 0 30.0 NR NR NR NR FEV,, FVC, FEV,/FVC Good
50 | Alkinany, 2013 Iraq (As) 60 (60/0) 40-60y | O NR NR NR NR NR FEVy, FVC Poor
51 Anandhalakshmi, India (As) 30 44.8 0 26.1 NR 6.8 7.0 NR FEV,, FVC, FEV1/FVC, FEF25.75%, PEF, DLco Good
2013

52 | Aparna, 2013 India (As) 40 (22/18) 49 0 25.2 NR NR NR NR FEV3, FVC, FEV,/FVC, PEF Fair

53 Rajani, 2013 India (As) 40(19/21) 46 0 NR 10.88 7.0 NR NR FEV1, FVC, FEV1/FVC, FEF35.75%, PEF Good
54 | Shafiee, 2013 Iran (As) 80 (31/49) 53.6 0 28.8 NR 8.4 9.8 50 FEV3, FVC, FEV,/FVC, PEF Good
55 | Shah, 2013 India (As) 60 (60/0) 53.9 0 NR NR 7.1 6.6 NR FEV3, FVC, FEV,/FVC, FEF;s5.75%, PEF Good
56 Huang, 2014 China (As) 292 (181/111) 66.8 0 23.9 8.55 NR 5.2 NR FEV3, FVC, FEV,/FVC Good
57 | Jamatia, 2014 India (As) 30(19/11) 57.7 0 23.5 10.71 7.93 >2y 0 FEV1, FVC, FEV:/FVC, FEF35.75%, PEF Good
58 Uz-Zaman, 2014 India (As) 60 44.6 0 24.4 9.93 7.1 NR NR FEV3, FVC, FEV1/FVC, FEF;5.75%, PEF, DLco | Good
59 | Zineldin, 2015 Egypt (Af) 45 (45/0) 51.1 0 245 NR 7.5 7.6 NR FEV, FVC, FEV/FVC, PEF Good
60 Buchmann, 2016 Germany (Eu) 91 (49/42) 67.9 9.6 29.2 NR NR NR NR FEV4, FVC, FEV4/FVC Good
61 Kaur, 2016 India (As) 50 NR 0 NR NR NR NR NR FEV,, FVC, FEV4/FVC, PEF Good
62 Kumar, 2016 India (As) 40 50.7 0 25.4 10.6 8.5 11.1 50 FEV3, FVC, FEV4/FVC, DLco Poor
63 Caron, 2017 Canada (Am) 10 (10/0) 55 NR 30.0 6,5 6.1 1.25y 0 FEV,, FVC, DLco Good
64 Khafaie, 2017 Iran (As) 347 (268/79) 54.6 21 26.7 7.98 8.8 NR NR FEV,, FVC, FEV,/FVC Poor
65 Kim, 2017 South Korea 1431 (814/617) 59.1 20 25.4 7.54 7.3 4.7 NR FEV,, FVC, FEV,/FVC Good

(As)

66 Lépez-Cano, 2017 Spain (Eu) 49 (12/37) 51.3 0 42.0 9.2 8.0 NR NR FEV4, FVC, FEF25.759 Good
67 Nidhianand, 2017 India (As) 100 (57/43) 46.6 0 NR NR NR NR NR FEV,, FVC, FEV,/FVC, PEF Good
68 Shergill, 2017 India (As) 50 (50/0) 52.6 NR 23.7 NR NR NR NR FEV,, FVC, FEV,/FVC, PEF Good
69 Tai, 2017 China (As) 63 (34/29) 53.0 0 27.7 7.9 8.0 7.8y NR FEV,, FVC, FEV1/FVC, DLco Good
70 Wilms, 2017 Switzerland (Eu) 65 (19/46) 46.9 27.7 44.0 8.9 7.9 NR NR FEV,, FEV1/FVC Fair

71 Okur, 2018 Turkey (Eu) 58 (15/43) 53.3 NR 31.7 10.27 8.2 9.9y NR FEV,, FVC, FEV1/FVC, FEF;s.75%, PEF Good
72 Rohling, 2018 Germany (Eu) 34 (21/13) 53.0 26.5 30.8 NR 6.4 0.35y NR FEV,, FVC Good
73 Tayarami, 2018 Iran (As) 50 58.3 0 NR NR NR NR NR FEV,, FVC, FEV1/FVC, FEF;s.75%, PEF Good
74 Van Eetvelde, 2018 Belgium (Eu) 110 (39/71) 79 NR 295 NR 6.7 10.3 74,5 PEF Good

Abbreviations: Af, Africa; Am, America; As, Asia; BMI, body mass index; DLco, diffusion capacity of the lungs for carbon monoxide; DM, diabetes mellitus; Eu, Europe; FEFs.ss4, forced expiratory flow between 25-75%;
FEV, forced expiratory flow in one second; FVC, forced vital capacity; Hb, hemoglobin; m, months; PEF, peak expiratory flow; Oc, Oceania; NR, not reported; T”D, type-2 diabetes; y, years.




Table 2. Meta-regression with subgroup analysis

%FEV, %FVC FEV1/FVC(%)
Studies | Participants Effect estimate [ p Studies | Participants Effect estimate K p Studies | Participants Effect estimate 5 p
Male 5 667 -13.10(-22.57,-3.64) | 96% 0.007 5 667 -13.71(-22.02,-5.39) | 95% 0.001 11 1099 2.69 (0.70, 4.67) 92% 0.008
Female 3 473 -9.00(-19.86, 1.85) | 82% 0.10 3 473 -9.58 (-18.07,-1.09) | 70% 0.03 7 737 2.84(-1.89, 7.57) 96% 0.24
Nonsmokers 25 2,357 -967 (-13.05, -629) | 94% <0.001 23 2,252 -10.84 (-14.12,-7.57) | 93% <0.001 32 3257 -0.21(-3.35,2.93) 100% 0.90
Continent
Africa 1 90 NA NA NA 1 90 NA NA NA 3 365 -2.70(-9.01, 3.62) 99% 0.40
America 5 11,966 -4.99 (-6.72, -3.26) 98% <0.001 4 11,683 -8.77 (-13.43, -4.11) 99% <0.001 6 12,238 2.48 (1.56, 3.40) 85% <0.001
Asia 21 36,202 -7.50(-9.01,-6.00) | 95% <0.001 18 35,992 -7.91(-9.40,-6.43) | 95% <0.001 26 36,944 0.02-1.80, 1.83) 100% 0.99
Europe 13 1432 -8.93 (-13.25, -4.62) 82% <0.001 11 1372 -11.48 (-17.38, -5.57) 88% <0.001 9 1149 -1.53 (-4.21, 1.16) 89% 0.26
Oceania 1 15 NA NA 0.50 1 15 NA NA NA 1 15 NA NA NA
BMI (kg/m’)
<25 9 1809 -10.95 (-16.58,-5.33) | 96% <0.001 5 927 -12.26 (-23.01,-1.51) | 98% 0.03 7 1152 1.41(-3.31, 6.14) 99% 0.56
25-29.9 14 35,064 -3.46 (-5.54,-2.38) | 94% <0.001 14 35,515 -5.78(-7.03,-4.53) | 90% <0.001 16 36,003 -0.28 (-1.61, 1.05) 99% 0.68
30-39.9 6 11,856 -6.50(-9.14,-3.86) | 93% <0.001 6 11,856 -9.66 (-13.67, -5.65) | 98% <0.001 5 11,649 3.25(0.83, 5,68) 92% 0.009
> 40 3 352 -10.40 (-20.45, -0.35) | 85% 0.04 2 222 -11.44 (-16.63, -6.24) 0% <0.001 1 75 NA NA NA
%FEF;5.75 %PEF %DLco
Studies | Participants Effect estimate I’ p Studies | Participants Effect estimate [ p Studies | Participants Effect estimate & p
Male 2 210 -17.18 (-138.25,3.89) | 94% 0.11 3 300 | -18.55(-20.69, -16.40) 0% <0.001 0 NA NA NA NA
Female 1 75 -25.30 (-42.63, -7.97) NA NA 1 24 | -25.51(-31.37,-19.65) NA NA 0 NA NA NA NA
Nonsmokers 10 742 -11.04 (-16.29,-5.78) | 77% <0.001 10 844 -11.03 (-15.25,-6.82) | 92% <0.001 12 851 -7.13 (-10.62, -3.64) 80% <0.001
Continent
Africa 0 90 NA NA NA 1 90 NA NA NA 0 0 NA NA NA
America 1 21 NA NA NA 0 0 NA NA NA 0 0 NA NA NA
Asia 6 537 -11.44 (-17.07,-5.81) | 77% <0.001 10 972 -9.34(-12.75,-5.93) | 86% <0.001 5 349 -5.60 (-11.83, -0.62) 78% 0.08
Europe 6 476 -9.88 (-18.65,-1.11) | 78% 0.03 4 229 -7.78 (-21.43,5.88) | 93% 0.26 7 502 -8.07 (-12.34, -3.79) 68% <0.001
Oceania 0 0 NA NA NA 0 0 NA NA NA 0 0 NA NA NA
BMI (kg/m’)
<25 3 255 -13.36 (-23.15, -3.57) 88% 0.007 4 345 -13.32(-19.69, -6.96) 91% <0.001 3 205 -11.83 (-16.30, -7.36) 0% <0.001
25-29.9 1 35 NA NA NA 3 250 -5.84 (-7.08, -4.60) 0% <0.001 6 507 -5.20(-9.72,-0.68) 59% 0.002
30-39.9 1 110 NA NA NA 2 134 -13.12 (-37.47, 11.22) 97% 0.29 0 0 NA NA NA
> 40 2 222 -26.04 (-34.93, -17.14) 0% <0.001 0 0 NA NA NA 0 0 NA NA NA

Abbreviations: BMI, body mass index; DLco, diffusion capacity of the lung for carbon monoxide; FEFs.7s%, forced expiratory flow between 25% and 75% of total lung capacity; FEV,, forced expiratory volume in one second; FVC, forced
vital capacity; NA, not applicable; PEF, peak expiratory flow.




Table 3. Sensitivity analysis

%FEV, %FVC FEV41/FVC (%)
Studies | Participants Effect estimate & Studies | Participants Effect estimate [ Studies | Participants Effect estimate r
Statistical analysis method
Random effect -7.15(-8.27,-6.03) -9.21 (-11.15, -7.26) -0.27 (-1.63, 1.08)
Fixed effect 41 49,705 -3.18(-3.20, -3.16) 99% 3 49,152 -4.82 (-4.85, -4.80) 100% 45 50,711 0.01 (-0.00, 0.02) 100%
Publication year
Before 2000 4 244 -1.59 (-3.19, 0.01) 0% 2 109 -2.81(-6.84,1.21) 0% 2 109 -1.94 (-4.92, 1.05) 0%
2000-2009 14 12,142 -8.14 (-10.96, -5.31) 93% 11 11,789 -11.96 (-18.66, -5.26) 95% 15 12,759 1.16 (0.27, 2.05) 86%
2010-2019 23 37,319 -8.00 (-9.48, -6.51) 99% 22 37,254 -8.67 (-11.04, -6.29) | 100% 28 37,843 -0.53 (-2.39,1.33) 100%
Type-2 diabetes group size
<50 patients 21 1207 -10.29 (-13.88, -6.70) 86% 19 1155 -9.45 (-13.67, -5.22) 89% 20 1168 -1.69 (-4.86, 1.48) 99%
>50 patients 20 48,498 -5.68 (-7.01, -4.34) 99% 16 47,997 -9.16 (-11.80, -6.51) | 100% 25 49,543 0.69 (-0.93, 2.30) 100%
Study quality
Only good quality studies 32 48,201 -7.95 (-9.30, -6.60) 99% 31 48,276 -9.53 (-11.59, -7.47) | 100% 38 49,359 -0.52 (-2.13,1.10) 100%
Including predatory journals
and grey literature 57 51,845 -1.27(-1.83,-0.71) | 100% 48 50,973 -1.73 (-2.39,-1.08) | 100% 69 53,875 0.13 (-0.02,-0.28) 96%
Excluding the highest weight
study 40 40,921 -7.37 (-8.53,-6.20) 96% 34 40,368 -9.39(-11.42, -7.36) 98% 44 26,029 -0.21(-1.66, 1.23) 100%
00FEF25,75%1 %PEF %DLco
Studies | Participants Effect estimate I’ Studies | Participants Effect estimate [ Studies | Participants Effect estimate &
Statistical analysis method
Random effect -9.89 (-14.42, -5.36) -9.79 (-13.42, -6.15) -7.13 (-10.62, -3.64)
Fixed effect 13 1038 1 902(-1068,-7.36) | '°% 15 1291 8.73(:0.62,-7.85) | 2% 12 851 3.79(-4.78,-2.80) | 3%
Publication year
Before 2000 1 21 NA NA 0 0 NA NA 0 0 NA NA
2000-2009 2 82 -2.80(-13.85, 8.25) 42% 2 59 -15.15(-36.78, 6.47) 90% 6 347 -8.26 (-14.58, -1.94) 72%
2010-2019 10 931 -11.85 (-16.68, -7.03) 78% 13 1232 -8.93 (-12.50, -5.36) 91% 6 504 -5.99 (-9.80, -2.18) 76%
Type-2 diabetes group size
<50 patients 9 614 -9.01 (-15.84, -2.19) 72% 7 436 -9.47 (-17.73,-1.22) 93% 8 368 -7.29 (-11.66, -2.93) 66%
250 patients 4 420 -11.37 (-18.96, -3.78) 86% 8 855 -9.84 (-13.56, -6.12) 88% 4 486 -7.01(-13.43, -0.58) 84%
Study quality
Only good quality studies 12 1013 -10.60 (-15.03, -6.17) 75% 15 1291 -9.79 (-13.42, -6.15) 92% 10 749 -7.08 (-10.92, -3.25) 83%
Including predatory journals
and grey literature 18 1722 -0.57 (-0.81,-0.32) 82% 21 1961 -0.73 (-1.01, -0.46) 88% 13 971 -0.51 (-0.76, -0.26) 69%
Excluding the highest weight
study 12 914 -10.07 (-16.01, -4.13) 78% 14 1196 -10.10(-14.20, -6.01) 89% 11 756 -7.91 (- 11.40, -4.43) 63%

Abbreviations: DL, diffusion capacity of the lung for carbon monoxide; FEF,s.75%, forced expiratory flow between 25% and 75% of total lung capacity; FEV,, forced expiratory volume in one second; FVC, forced vital
capacity; NA, not applicable; PEF, peak expiratory flow.




Figure legends
Figure 1. Flowchart of included studies

Figure 2. Forest plots of % predicted forced expiratory volume in one second
(A) and % predicted forced vital capacity (B).

Figure 3. Forest plot of forced expiratory volume in one second/forced vital
capacity ratio (%)

Figure 4. Forest plots of % predicted forced expiratory flow between 25% and
75% of total lung capacity (A), % predicted peak expiratory flow (B), and %
predicted diffusion capacity of the lungs for carbon monoxide (C).

Figure 5. Funnel plots of % predicted forced expiratory volume in one second
(A) and % predicted forced vital capacity (B), forced expiratory volume in one
second/forced vital capacity ratio (%) (C), forced expiratory flow between 25%
and 75% of total lung capacity (D), % predicted peak expiratory flow (E), and %
predicted diffusion capacity of the lungs for carbon monoxide (F).
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A. %FEV,

Type-2 diabetes Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, 95% CI \'A 95% CI
Al-Habbo, 2012 844 87 45 1007 187 45 1.9% -16.30(-22.33,-10.27) —
Ali, 2009 934 931 60 13013 12.84 30 23% -36.73[-41.89,-31.57) —
Ari, 2002 103 147 25 1034 101 10 1.2% -0.40[-8.91,8.11) e
Benbassat, 2001 104.2 16 12 102 141 15  0.8% 2.20[-9.33,13.73) L
Boulbou, 2003 969 128 49 10397 1428 22 16% -7.07 -114.03,-0.11) =
Buchmann, 2016 961 165 9 996 18 506 29% -350[7.24,0.24) =
Ceylan, 2011 863 114 37 924 92 25 23% -6.10 [-11.25, -0.95] i
Chance, 2008 948 144 69 98 1 45  31% -3.20 [-6.61,0.21) ==
Dharwadkar, 2011 67.44 16.51 40 9094 819 40 2.0% -23.50[-29.21,-17.79) s
Guazi, 2002 951 122 15 975 107 15 1.3% -2.40[-110.61,5.81) s
Huang, 2014 8914 1765 292 9365 1334 292 36% -4.51 [-7.05,-1.97] ==
Isotani, 1999 853 7 54 873 68 34 34% -2.00 [-4.95, 0.95) =
Kabitz, 2008 1032 106 21 1029 12 23 1.7% 0.30-6.38,6.98) = ==
Katoh, 1996 855 54 19 882 47 16  31% -2.70 [-6.05, 0.65) =
Kaur, 2016 854 7.3 50 9526 16.14 50  24% -9.86 [-14.77,-4.95] o
Khafaie, 2017 8587 1406 347 8635 1492 386 38% -0.48[-2.58,1.62) |
Kim, 2011 89 12 2745 92 11 21937 43% -3.00[-3.47,-2.53] 5
Kim, 2017 893 04 1431 924 02 7353 44% -310-3.12,-3.08) "
Klein, 2011 753 07 76 826 04 210 44% -7.30[-7.47,-7.13] 3
Kumar, 2016 68.825 15.11 40 78.23 10.63 22 18%  -9.41[15.86,-2.95 -
Lara Rodriguez, 1995 95 11.53 12 94 12.09 9 09% 1.00[-9.24,11.24) T
Lau, 2004 96.7 124 40 1037 152 20 1.4% -7.00 [-14.69, 0.69] —
Lecube, 2010 88.4 197 25 1001 124 50 1.2% -11.70[-20.15,-3.25] e T
Lopez-Cano, 2017 829 259 49 1011 131 98  1.4% -18.20[-25.90,-10.50] -
Maiolo, 2002 98.88 1417 12 11652 1328 12 08% -17.64[28.63,-6.65)
Matsubara, 1991 798 65 52 807 56 48  37% -0.90 [-3.27,1.47] -
Nandhini, 2012 67.64 2199 45 944 2736 47  1.0% -26.76(-36.88,-16.64] =
Okur, 2018 96.78 14.43 58 99.73 158 52 21% -2.95[-8.63,2.73) =T
Ortiz-Aguirre, 2006 863 13 144 92 13 139 44% -5.10[-5.40,-4.80] "
Réhling, 2018 773 1586 34 948 126 26 1.6% -17.50[-24.64,-10.36) —
Shafiee, 2013 107.07 14.91 80 109.82 1533 40 20% -2.751-8.52,3.02) 5 8
Shah, 2013 78.98 14.09 60 88.03 6.69 60 28%  -9.05[13.00,-5.10] =
Sinha, 2004 8047 192 29 835 14 1 09% -3.03[-13.86,7.80] =
Tai, 2017 77.03 379 63 7859 2.1 32 42% -1.56 [-2.77,-0.35) &
Tayarami, 2018 823 152 50 904 94 50 24% -8.10[13.05-3.15) ——
Uz-Zaman, 2014 81.31 386 60 975 9.59 60 35% -16.19[-18.81,-13.57) =
Weishrod, 2005 902 56 8 922 58 7 20% -2.00[-7.79,3.79 -1~
Wilms, 2017 842 126 65 867 131 65 26% -2.50-6.92,1.92) =T
Yeh, 2008 925 141 1100 964 146 10162 4.3% -3.90-4.78,-3.02) .
Zamarron, 2001 627 293 31 1024 128 16 0.7% -39.70[-51.77,-27.63)
Zineldin, 2015 7342 377 45 8702 559 45  39% -13.60[15.57,-11.63] >
Total (95% CI) 7580 42125 100.0% -7.15[-8.27,-6.03] '
Heterogeneity: Tau®= 7.42; Chi*= 3142.85, df = 40 (P < 0.00001); F= 99% -élo -55 ) 255 5?0
Test for overall effect Z=12.54 (P < 0.00001) Type-2 diabetes Control
B. %FVC

Type-2 diabetes Control Mean Difference Mean Difference
Study or Subgroup Mean SD _Total Mean SD __Total Weight IV, Rand: 95% CI IV, Random, 95% CI
Agarwal, 2010 8406 835 30 86.6 1057 15 27% -2.54 [-8.67,3.59] ==
Al-Habbo, 2012 95 135 45 905 103 45  3.0% 450 [-0.46, 9.46) =
Ali, 2009 792 832 60 11286 11.97 30 31% -33.66(-38.43,-28.89] "
Ari, 2002 1048 16.2 25 1055 135 10  1.8% -0.70-11.20, 9.80] —
Benbassat, 2001 100 157 12 1011 132 15 1.7% -1.10[12.21,10.01] e
Boulbou, 2003 9231 13.26 49 9595 11.51 22 27% -3.64 [-9.72,2.44] "
Buchmann, 2016 101.5 1546 91 1075 161 606 3.4% -6.00-9.43,-2.57) =
Ceylan, 2011 776 125 37 1028 106 25 28% -25.20[-30.99,-19.41] =
Chance, 2008 90.39 14 69 101 15 45 29% -10.61[16.10,-512] g
Huang, 2014 8502 1265 292 8833 87 292 36% -3.31 15.07,-1.55) =
Isotani, 1999 100 1" 54 103 10 34 31% -3.00[-7.46,1.46) m——r
Kabitz, 2008 106.7 143 21 1092 133 23 23% -2.50 [-10.68, 5.68] S
Kaur, 2016 78.6 88 50 8824 156 50  3.0% -9.64 [-14.60,-4.68) e
Khafaie, 2017 8588 1353 347 86.79 13.82 386 3.6% -0.91 [-2.89,1.07] =
Kim, 2011 86 11 2745 91 10 21937 37% -5.00[-5.43,-4.57) ¢
Kim, 2017 89.2 04 1431 939 02 7353 38% -4.70[-4.72,-4.68) ”
Kilein, 2011 M2 0.7 76 838 05 210 38% -1260[12.77,-1243] .
Kurnar, 2016 78.85 14.38 40 8932 1033 22 27% -10.47[16.67,-4.27) =k,
Lara Rodriguez, 1995 90 131 12 92 876 9  20% -2.00 [-11.36, 7.36] -
Lau, 2004 86.9 29.45 40 1032 145 20 1.7% -16.30[-27.42,-5.18)
Lecube, 2010 851 172 25 933 201 50 21% -8.20 [-16.95, 0.55) 1
Lopez-Cano, 2017 797 1.7 49 929 1" 98 27% -13.20[-19.65,-6.75) =
Maiolo, 2002 103.88 16.36 12 12369 1048 12 1.7% -19.81[-30.80,-8.82)
Nandhini, 2012 60.78 19.18 45 8183 21.91 47  22% -21.05[-29.45,-12.65) ==
Okur, 2018 99.17 1413 58 104.65 16.01 52 28% -5.4811.15,0.19] == =
Rihling, 2018 96.8 22 34 1034 143 26 20% -6.60[-15.81, 2.61] I
Shafiee, 2013 10758 14.39 80 111.35 1487 40  289% -3.76 [-9.34,1.82] S K
Shah, 2013 77.97 1299 60 8936 971 60 32% -11.39[1549,-7.29) R
Tai, 2017 71.71 356 63 79.06 3384 32 37% -7.35[-8.94,-5.76] *
Tayarami, 2018 807 146 50 905 86 50 31%  -9.80[14.50,-5.10) =
Uz-Zaman, 2014 7775 565 B0 965 952 60 35% -18.75[-21.55,-15.95) =
Weisbrod, 2005 836 41 8 845 46 7 31% -0.90 [-5.34, 3.54] S 2
Yeh, 2008 965 132 1100 1031 136 10162 3.7% -6.60[-7.42,-5.78] -
Zamarron, 2001 58.7 224 3 946 78 16 21% -3590(-4466,-2714] —
Zineldin, 2015 7504 381 45 8882 495 45 36% -13.78[-15.61,-11.95] b
Total (95% CI) 7246 41906 100.0%  -9.21[-11.15,-7.26] ¢
Heterogeneity: Tau® = 26.29; Chi*= 8595.54, df = 34 (P < 0.00001); F= 100% e B

Test for overall effect: Z= 9.27 (P < 0.00001)

Type-2 diabetes Control



Type-2 diabetes Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ahd El-Azeem, 2013 85.1 0.1 30 9291 061 40 2.5% -7.81[-8.00,-7.62] 4
Akher, 2013 83.27 483 63 77276 76 2.4% 6.27 [4.93, 7.61] o
Al-Habbo, 2012 76.3 7.2 45 84.4 89 45  2.2% -8.10[11.44,-4.76] e
Ali, 2009 118.56 B6.77 60 116.06 6.31 30 2.3% 2.50 [-0.33,5.33] =
Alkinany, 2013 0.805 098 60 0.867 069 60  2.5%  -0.06[-0.37,0.24]
Anandhalakshmi, 2013 961 101 30 97.5 9.3 30 1.9% -1.40[6.31,3.51] —
Aparna, 2013 83.25 3.05 40 7284 1.8 40 2.5% 10.41[9.31,11.51] =
Ari, 2002 104.5 6.1 25 103 55 10  2.0% 1.50 [-2.66, 5.66] o
Boulbou, 2003 8534 7.1 33 9221 619 22 21% -6.87[10.44,-3.30] o
Buchmann, 2016 75.3 6.9 91 749 7.7 606 2.4% 0.40[1.14,1.94] g
Ceylan, 2011 87.3 31 37 931 2.1 25  2.5% -580[7.09,-4.51] g
Chance, 2008 825 5 69 77 7 45  2.3% 5.50[3.14, 7.86) T
Dennis, 2008 8118 636 262 7891 617 262 2.5% 2.27[1.20, 3.34] =
Huang, 2014 8282 913 292 85086 8122 292 2.4% -214[3.55,-0.73] =
Isotani, 1999 85 7 54 87 7 34 22%  -2.00[5.00,1.00] o
Jamatia, 2014 52 046 50 43 037 30 25% 9.00[8.82,9.18)
Kahitz, 2008 78 5.6 21 76.8 6.3 23 21% 1.20[-2.32,4.72] S
Kaur, 2016 826 4.28 50 87.77 39 50 24% -517[6.77,-3.57] =
Khafaie, 2017 8203 683 340 8531 651 386 25% -3.28[4.25-2.31) =
Kim, 2011 80 B 2745 83 7 21937 25% -3.00[-3.24,-2.76) z
Kim, 2017 80 0.2 1431 80 01 7353  25% 0.00 [-0.01, 0.01]
Kumar, 2016 921 15.07 40 9118 899 22 1.7% 0.92 [-5.07,6.91] R
Lara Rodriguez, 1995 86 7 12 a3 40 9  0.2% 3.00[-23.43 29.43]
Lau, 2004 96.7 124 40 1037 152 20 1.4% -7.00[-14.69, 0.69]
Lecube, 2010 81.4 101 25 85.8 52 50 2.0% -440[-8.61,-0.19] e
Maiolo, 2002 96.11  4.67 12 959 6.07 12 2.0% 0.21 412, 4.54] e
Melo, 2003 809 6.2 17 81.1 7.2 17 2.0% -0.20[4.72,4.32] e P
Meo, 2006 8563 1.71 32 834 083 40 2.5% 2.23[1.58, 2.88) ™
Nandhini, 2012 7762 273 45 7938 217 47  25% -1.76[-2.77,-0.75] =
Nidhianand, 2017 80 g 100 a1 7 100  2.4%  -1.00[-3.08,1.08] =
Okur, 2018 81.97 462 58 8016 527 52 2.4% 1.81 [-0.05, 3.67] =
Ortiz-Aguirre, 2006 111 1.1 144 1082 1 139 2.5% 2.80[2.56, 3.04) 4
Ozoh, 2010 81.7 2417 101 81.26 599 104 1.9% 0.44 [4.41,5.29] —
Rajani, 2013 8429 3.89 40 8516 6.29 40 2.3%  -0.87[3.16,1.42] o
Shafiee, 2013 104.53 7.66 80 10347 659 40 2.3% 1.06 [-1.58, 3.70] 5
Shah, 2013 11283 935 60 111.36 10.62 60 2.1% 1.47 [2.11,5.05] o
Shergill, 2017 8712 512 50 8344 081 50 2.4% 368([2.24,512) o
Tai, 2017 7459 319 63 77.72 29 32 25% -313[4.41,-1.85] =
Tayarami, 2018 80.7 79 50 824 6.4 50  23% -1.70[452,1.12] =
Uz-Zaman, 2014 102.97 8.4 60 104.25 543 60 2.3%  -1.28[3.81,1.29] =
Verma, 2009 90.96 9.36 50 9019 586 50  2.2% 0.77 [[2.29, 3.83] o
Weishrod, 2005 834 23 8 87.8 25 7 23% -440[6.84,-1.96] e
Yeh, 2008 76.7 6.3 1100 751 66 10162 2.5% 1.60[1.21,1.99)] =
Zamarron, 2001 809 175 kil 827 6.8 16 1.5%  -1.80[-8.80,5.20] T T
Zineldin, 2015 97.84 1.74 45 97.99 357 45  25%  -015[1.31,1.01] 2
Total (95% CI) 8091 42620 100.0%  -0.27 [-1.63, 1.08] ¢

Heterogeneity: Tau®= 19.00; Chi= 17504.83, df= 44 (P < 0.00001); F= 100%
Test for overall efiect: Z= 0.40 (P = 0.69)
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A. %FEF ;5 75

Type-2 diabetes Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Agarwal, 2010 8355 137 30 89.07 876 15  98% -5.52[12.13,1.09] =t
Al-Habbo, 2012 951 245 45 978 145 45 87% -2.70[-11.02,5.62] T
Ali, 2010 96.25 13.02 60 1246 2472 30 8.0% -28.35[-37.79,-18.91] —
Ari, 2002 831 195 25 912 133 10  7.0% -8.10[-19.34,3.14] T
Ceylan, 2011 831 117 37 90 147 25 96% -6.90[13.79,-0.01] -
Lara Rodriguez, 1995 109 271 12 89 31.35 9 25% 20.00 [-5.59, 45.59)
Lecube, 2010 725 407 25 978 244 50 44% -2530[-4263,-797) —————
Lopez-Cano, 2017 739 325 49 1002 251 98 7.5% -26.30[-36.67,-15.93]
Nandhini, 2012 71.02 3382 45 9266 4298 47 49% -21.64[37.41,-587) —
Okur, 2018 77.79 20.01 58 7858 1977 52 9.2% -0.79 [-8.23, 6.65] T
Tayarami, 2018 719 175 50 821 138 50 10.0% -10.20[16.39,-4.01) ——
Uz-Zaman, 2014 8283 493 60 91.76 695 60 120% -8.93[11.09,-6.77) -
Zamarron, 2001 1005 203 31 973 21 16 6.3% 3.20[-9.33,15.73] ——
Total (95% CI) 527 507 100.0%  -9.89[-14.42,.5.36] R

Heterogeneity: Tau®= 43.43; Chi*= 49.76, df= 12 (P < 0.00001); F= 76%
Test for overall effect: Z= 4.28 (P < 0.0001)

=20 10 0 10 20

Type-2 diabetes Control

B. %PEF

Type-2 diabetes Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Agarwal, 2010 84 1554 30 89567 1016 15 6.0% -5.67 [-13.24,1.90] =
Al-Habbo, 2012 884 119 45 878 108 45 T71% 0.60[-4.10,5.30] |
Ali, 2010 67.19 15.08 60 86.33 14.52 30 65% -19.14[-25.59,-12.69) —
Ari, 2002 91.2 19 25 946 159 10 42% -3.40 [[15.75, 8.95] —
Ceylan, 2011 90.7 134 3 915 114 25 65% -0.80 [-7.10, 5.50] | g
Kaur, 2016 75.33 13.05 50 8046 19.2 50 6.5% -5.13[-11.56, 1.30] S B
Maiolo, 2002 74 935 12 9951 4.46 12 6.7% -25.51[-31.37,-1965) ———
Nandhini, 2012 4787 21.24 45 5936 24.44 47  53% -11.49[-20.84,-2.14) —
Okur, 2018 81.98 16.74 58 8265 173 52 65% -0.67 [-7.05,5.71] —
Shafiee, 2013 87.32 18.21 80 96.82 16.11 40 65%  -9.50[15.89,-3.11) ——
Shah, 2013 5916 9.35 60 777 1281 60  7.4% -18.54 [-22.55,-14.53) oo
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Table S1A. Meta-regression with subgroup analysis
FEV; (L) FVC (L)
Studies | Participants Effect estimate [ p Studies | Participants Effect estimate [ p

Male 10 1396 -0.28 (-0.41,-0.16) | 89% <0.001 10 1416 -0.36 (-0.59,-0.14) | 95% 0.001

Female 7 1376 -0.29(-0.43,-0.15) | 88% <0.001 7 1376 -0.42(-0.69,-0.15) | 96% 0.003

Nonsmokers 19 1490 -0.39(-0.52,-0.27) | 92% <0.001 20 1614 -0.45(-0.58,-0.32) | 84% | <0.001

Continent

Africa 2 275 -0.71(-1.66,0.24) | 99% 0.14 2 275 -0.68(-1.53,0.16) | 97% 0.11

America 8 17,639 -0.30(-0.41,-0.19) | 95% <0.001 8 17,639 -0.25(-0.33,-0.17) | 85% | <0.001

Asia 15 2018 -0.35(-0.42,-0.28) | 78% <0.001 15 2018 -0.37(-0.48,-0.27) | 80% | <0.001

Europe 8 1110 -0.28 (-0.40,-0.15) | 51% <0.001 6 950 -0.39(-0.57,-0.22) | 47% | <0.011

Oceania 1 15 NA NA NA 1 15 NA NA NA

BMI (kg/m’)

<25 4 285 -0.27(-0.51,-0.02) | 72% 0.03 4 285 -0.31(-0.62,-0.00) | 77% 0.05

25-29.9 11 3444 -0.39(-0.51,-0.27) | 95% <0.001 11 3444 -0.32(-0.43,-0.20) | 84% | <0.001

30-39.9 7 15,832 -0.27(-0.37,-0.17) | 80% <0.001 7 15,832 -0.37(-0.45, -0.30) | 55% | <0.001

> 40 1 130 NA NA NA 0 0 NA NA NA
Table S1B. Meta-regression with subgroup analysis

FEF25,75 (L) PEF (L/S) DLco
Studies | Participants Effect estimate & p Studies | Participants Effect estimate R p Studies | Participants Effect estimate r p

Male 1 72 NA NA NA 4 312 -1.31(-1.98,-0.64) | 95% <0.001 1 19 NA NA NA
Female 0 NA NA NA NA 3 169 -1.09 (-1.47,-0.71) 69% <0.001 0 NA NA NA NA
Nonsmokers 10 623 -0.52 (-0.81, -0.24) 86% | <0.001 14 1148 -1.14(-1.55,-0.73) | 94% <0.001 6 400 -4.52(-6.98,-2.06) | 88% <0.001
Continent
Africa 1 70 NA NA NA 2 275 -1.69 (-3.58, 0.20) 97% 0.08 1 70 NA NA NA
America 1 34 NA NA NA 1 283 NA NA NA 3 4789 -1.74 (-2.95, -0.54) 74% 0.005
Asia 7 529 -0.38 (-0.52,-0.24) 27% | <0.001 11 969 -0.99 (-1.39,-0.60) | 92% <0.001 3 205 -3.62 (-4.86, -2.39) 0% <0.001
Europe 3 192 -0.32 (-0.67, 0.03) 45% 0.07 5 351 -1.11(-1.93,-0.29) 81% 0.008 3 225 -3.80(-5.35, -2.24) 0% <0.001
Oceania 0 NA NA NA NA 0 NA NA NA NA 0 NA NA NA NA
BMI (kg/m’)
<25 2 125 -0.30)-0.63, -0.03) 0% 0.08 4 285 -1.19 (-1.91, -0.48) 71% 0.01 1 45 NA NA NA
25-29.9 2 95 -0.55(-0.93,-0.17) 0% 0.005 7 845 -1.06 (-1.74,-0.38) 98% 0.002 2 208 -4.25 (-5.72,-2.77) 0% <0.001
30-39.9 1 110 NA NA NA 2 134 -0.90 (-2.12,0.32) 92% 0.15 3 4789 -1.74 (-2.95, -0.54) 74% 0.005
> 40 0 NA NA NA NA 0 NA NA NA NA 0 NA NA NA NA

Abbreviations: BMI, body mass index; DLco, diffusion capacity of the lung for carbon monoxide; FEFs.;sy, forced expiratory flow between 25% and 75% of total lung capacity; FEV,, forced expiratory volume in one second;
FVC, forced vital capacity; NA, not applicable; PEF, peak expiratory flow.
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Table S2A. Sensitivity analysis
FEV (L) FVC (L)
Studies | Participants Effect estimate [ Studies | Participants Effect estimate [
Statistical analysis method
Random effect -0.34 (-0.42,-0.27) -0.36 (-0.43,-0.29)
Fixed effect 34 21,057 -0.33 (-0.34,-0.32) 94% 32 20,987 -0.32(-0.34,-0.31) 87%
Publication year
Before 2000 1 1239 NA NA 1 1239 NA NA
2000-2009 14 12,637 -0.28 (-0.36,-0.21) 84% 13 12,607 -0.35 (-0.44, -0.26) 84%
2010-2019 19 7181 -0.34 (-0.46, -0.23) 94% 18 7051 -0.39 (-0.50, -0.28) 90%
Type-2 diabetes group size
<50 patients 18 940 -0.40 (-0.53,-0.27) 91% 17 910 -0.47 (-0.63, -0.30) 81%
>50 patients 16 20,117 -0.29 (-0.36,-0.2 92% 15 19,987 -0.29 (-0.34,-0.23) 82%
Study quality
Only good quality studies 27 19,574 -0.35(-0.45, -0.25) 94% 26 19,544 -0.38(-0.47,-0.29) | 100%
Including predatory journals and grey
literature 54 23,495 -1.18(1.38, -0.98) 96% 52 23,335 -1.03 (-1.21, -0.85) 95%
Excluding the greatest weight study 33 20,774 -0.34 (-0.43, -0.26) 94% 31 16,733 -0.36 (-0.43,-0.29) 88%
Table $2B. Sensitivity analysis
FEF2s.75 (L) PEF (L/s) DLco
Studies | Participants Effect estimate [ Studies | Participants Effect estimate [ Studies | Participants Effect estimate R
Statistical analysis method
Random effect -0.48 (-0.71,-0.24) -1.07 (-1.73,-0.71) -3.42 (-5.14, - 1.70)
Fixed effect 12 825 -0.47 (-0.54, -0.39) 84% 19 1878 -0.60 (-0.64, -0.56) 97% 10 5289 -3.17 (-3.55, -2.80) 93%
Publication year
Before 2000 0 NA NA NA 0 NA NA NA 1 100 NA NA
2000-2009 5 288 -0.35(-0.53,-0.17) 21% 6 551 -0.83 (-1.33,-0.32) 94% 3 225 -3.80(-5.35,-2.24) 0%
2010-2019 7 537 -0.54 (-0.92, -0.16) 88% 13 1327 -1.18 (-1.67, -0.69) 94% 6 4964 -3.16 (-5.56, -0.77) 96%
Type-2 diabetes group size
<50 patients 9 535 -0.57 (-0.85, -0.29) 86% 13 835 -1.24 (- 1.60, - 0.89) 88% 6 271 -3.58 (-6.59, -0.58) 91%
>50 patients 3 290 -0.15 (-0.37, 0.07) 8% 6 1043 -0.62 (-0.90, -0.34) 79% 4 5018 -2.64 (-3.67,-1.61) 68%
Study quality
Only good quality studies 12 825 -0.48 (-0.71, -0.24) 84% 16 1435 -1.09 (-1.51, -0.68) 92% 9 5189 -3.37 (-5.23,-1.50) 94%
Including predatory journals and
grey literature 24 2027 -1.08 (-1.41, -0.74) 92% 35 3790 -1.06 (-1.31,-0.82) 92% 10 5289 -0.76 (-1.07, -0.45) 89%
Excluding the greatest weight study 11 753 -0.49 (-0.79, -0.20) 84% 18 1595 -1.12 (-1.47,-0.76) 93% 9 1125 -3.48 (-5.76, -1.20) 93%

Abbreviations: DL, diffusion capacity of the lung for carbon monoxide; FEF 5754, forced expiratory flow between 25% and 75% of total lung capacity; FEV,, forced expiratory volume in one second; FVC, forced vital
capacity; NA, not applicable; PEF, peak expiratory flow.
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Figure S1. Forest plot of forced expiratory volume in one second (L)
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Dharwadkar, 2011 1.16 0.496 40 1.68 0.46 40  3.0% -0.52[0.73,-0.31] R
Guazzi, 2002 315 049 15 359 047 15  21% -0.44[0.78,-0.10
Guvener, 2003 246 067 25 2.7 092 12 11%  -0.24[-0.82,0.34] =
Jamatia, 2014 2.07 064 30 213 0.54 30 24%  -0.06[-0.36,0.24] o
Khafaie, 2017 2.02 044 347 246 041 386 4.0% -0.44[-050,-0.38] 2
Klein, 2012 b 217 074 560 249 083 3604 39% -0.32[0.39,-0.25) =2
Lau, 2004 2.87 053 40 291 055 20 24%  -0.04[0.33,0.29 T
Maiolo, 2002 215 0.2 12 258 0.31 12 3.0% -0.43[064,-0.22) T
Melo, 2003 28 0.6 17 31 06 17 1.7% -0.30[-0.70,0.10] =
Meo, 2006 266 014 32 3.07 008 40  4.0% -0.41[-0.46,-0.36] .2
Nandhini, 2012 1.97 046 45 227 05 47 31% -0.30[-0.50,-0.10] oo —
Nidhianand, 2017 201 048 100 237 038 100 37% -0.36[-0.48,-0.24] =
Okur, 2018 23 057 58 257 06 52  29% -0.27 [-0.49,-0.05) TR
Ortiz-Aguirre, 2006 22 005 144 25 041 139 41% -0.30[-0.32,-0.28] &
Ozoh, 2010 236 074 101 258 062 104 32% -0.22[-0.41,-0.03] o T
Rajani, 2013 2.01 064 40 234 049 40  2.7% -0.33[0.58,-0.08)
Shergill, 2017 3.43 05 50 3.83 083 50 26% -0.40[067,-013]
Yerma, 2009 1.93 053 50 2.2 049 50 3.1% -0.27[-0.47,-0.07] =
Weishrod, 2005 285 0.1 8 327 034 7 26% -0.42[068-0.16)
Wilms, 2017 266 059 65 273 06 65 3.0% -0.07[0.27013] —
Yeh, 2008 273 055 1100 29 064 10162 4.0% -0.17[0.20,-0.14] =
Zamarron, 2001 2 07 31 25 06 16 1.8% -0.50[-0.88,-0.12)
Total (95% CI) 3759 17298 100.0% -0.34 [-0.42,-0.27] L3
Heterogeneity: Tau®= 0.03; Chi*= 553.83, df= 33 (P < 0.00001); F= 94%

-1 05 0 05

Testfor overall effect: Z=9.59 (P <= 0.00001) Type-2 diabetes Control



Figure S2. Forest plot of forced vital capacity (L)

Type-2 diabetes Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI IV, Rand 95% ClI
Abd El-Azeem, 2013 2 0.2 30 311 052 40 39% -1.11[-1.29,-093] o]
Agarwal, 2010 235 049 30 233 043 15 2.8% 0.02 [-0.26, 0.30] o
Akber, 2013 319 033 63 356 017 76 4.8% -0.37[-0.46,-0.28] 7
Alkinany, 2013 34 058 60 329 069 57 3.2% 0.11[0.12,0.34] T
Anandhalakshmi, 2013 2.37 07 30 29 05 30 25% -053[-0.84,-022) —
Aparna, 2013 216 098 40 312 014 40  2.5% -0.96 [-1.27,-0.65]
Ari, 2002 29 07 25 37 ol 10 07% -0.80[1.53,-0.07]
Barret-Connor, 1996 321 069 139 318 07 1100 45% 0.03[-0.08, 0.15] = 1
Buchmann, 2016 325 054 91 346 06 606 4.5% -0.21 [-0.33,-0.09] > =t
Caron, 2017 5 05 10 5 1 9 07% 0.00[-0.72,0.72] ]
Chance, 2008 3.64 1.1 69 42 09 45 2.0% -056[-093,-019] s
Dennis, 2008 272 073 262 283 066 262 45%  -0.11[0.23,0.01] =
Dharwadkar, 2011 1.742 0.664 40 1.877 0572 40 28% -014[-0.41,014] — =
Guyener, 2003 297 077 25 319 1.03 12 09% -0.22[-0.88 044] =
Jamatia, 2014 224 073 30 276 064 30 22% -052[-0.87,-017]
Khafaie, 2017 249 052 347 29 048 386 5.0% -0.41[0.48,-0.34] S
Klein, 2012 h 278 091 3604 319 1.03 560 4.8% -0.41[-0.50,-0.32) s
Lau, 2004 356 072 40 353 068 20 2.0% 0.03 [-0.34, 0.40] O
Maiolo, 2002 2.67 0.3 12 322 03 12 32% -055[-0.79,-0.31] o
Melo, 2003 35 0.9 17 39 08 17 11%  -040[0.97,017] —— T —
Meo, 2006 314 018 32 37 041 40 5.0% -0.56 [-0.63,-0.49] =
Nandhini, 2012 257 052 45 286 062 47 32% -0.29[-0.52,-0.06] —
Nidhianand, 2017 255 066 100 294 043 100 41% -0.39[-0.54,-0.24] T
Okur, 2018 282 074 58 323 084 52 2.6% -0.41[0.71,-0.11] o
Ortiz-Aguirre, 2006 2.6 0.1 144 29 01 139 53% -0.30[0.32,-0.29] *
Ozoh, 2010 2.94 09 101 319 079 104 32% -0.25[-0.48,-0.02) o
Rajani, 2013 251 078 40 282 06 40  2.5% -0.31 [-0.61,-0.01] =
Shergill, 2017 395 059 50 459 089 50 2.6% -0.64 [-0.94,-0.34] —
Verma, 2009 212 067 50 245 054 50 3.2% -0.33[-0.57,-0.09] T
Weishrod, 2005 3.44 017 8 383 039 7 25% -0.39[0.70,-0.08] —
Yeh, 2008 358 064 1100 387 064 10162 52% -0.29[0.33,-0.29] %
Zamarron, 2001 25 07 31 3 07 16 1.7% -0.50[-0.92,-0.08]
Total (95% CI) 6723 14174 100.0% -0.36 [-0.43, -0.29] %

Heterogeneity: Tau®= 0.02; Chi*= 243.71, df= 31 (P < 0.00001); F=87%
Test for overall effect: Z=10.54 (P < 0.00001)
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Figure S3. Forest plot of forced expiratory flow between 25% and 75% of total
lung capacity (L/s)

Type-2 diabetes Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI , Rand 95% CI
Abd El-Azeem, 2013 14 05 30 261 0.34 40 105% -1.21[1.42,-1.000 —=—
Agarwal, 2010 272 079 30 292 053 15  87%  -0.20[-059,0.19] O
Anandhalakshmi, 2013 2:2 1 30 26 1 30 75% -040[-091,0.11)] . FTE
Ari, 2002 26 08 25 335 08 10 67% -075[1.34,-016) —————————
Jamatia, 2014 273 1. 50 33 159 30 6.2%  -0.57[-1.20,0.06] S P
Melo, 2003 29 1 17 35 1.2 17 53% -060[1.34,014 ——————
Meo, 2006 3.29 025 32 366 016 40 11.2% -0.37 [0.47,-0.27] =
Nandhini, 2012 262 07 45 3.07 0869 47 98% -045[-073,-0.17] "
Okur, 2018 246 068 58 259 07 52 101%  -013[-039,0.13] — =
Rajani, 2013 218 092 40 297 1.1 40 84% -0.79[1.21,-0.37) E——
Yerma, 2009 279 1.23 50 2.8 078 50 8.6% -0.01[041,039) —
Zamarron, 2001 26 1 31 29 09 16 6.9%  -0.30[-0.86, 0.26) —— F—
Total (95% CI) 438 387 100.0% -0.48[-0.71,-0.24] -~
Heterogeneity: Tau®= 0.12; Chi*= 69.84, df= 11 (P < 0.00001); F= 84% 51 _055 b 0;5 15
Test for overall effect: Z= 4.00 (P < 0.0001) Type-2 diabetes Control
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Figure S4. Forest plot of peak expiratory flow (L/s)

Type-2 diabetes Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI IV, Random, 95% CI
Abd El-Azeem, 2013 3.25 0.6 30 589 0.8 40  B.2% -2.64[2.97,-2.31] s
Agarwal, 2010 547 141 30 596 1.07 15  51%  -0.49[1.23,0.29) B
Anandhalakshmi, 2013 5.2 2 30 6.2 1.7 30 45% -1.00[-1.94,-0.086] e
Aparna, 2013 436 0.31 40 595 0.3 40  B5% -1.59[1.72,-1.46) *
Ari, 2002 5.7 17 25 7 25 10  2.7%  -1.30[-2.99,0.39) =
Dharwadkar, 2011 517 161 40 607 251 40 46%  -0.90[1.82,002] —
Guvener, 2003 553 226 25 568 1.55 12 37% -0.15[1.40,1.10 |
Jamatia, 2014 483 198 30 7.2 153 30 46% -237[327,-147) ——————
Maiolo, 2002 433 0.6 12 584 043 12 6.0% -1.51[1.93,-1.09] o
Meo, 2006 577 046 32 691 028 40  6.4% -1.14[1.32,-0.96] 2D
Nandhini, 2012 659 1.37 45 732 148 47 58% -0.73[1.31,-0.15) T
Nidhianand, 2017 3.795 0724 100 411 0696 100 64% -032[051,-012) =
Okur, 2018 5:47; “4:5) 58 543 1.51 52 56% -0.26[-0.83 0.31] T
Ortiz-Aguirre, 2006 45 0.2 144 49 0.2 139 65% -040[-0.45,-0.35] 2
Ozoh, 2010 56 224 101 631 162 104 57% -0.71[1.25-017) e
Rajani, 2013 541 227 40 651 1.72 40  47% -1.10[-1.98,-0.22) —5
Shergill, 2017 873 1.22 50 985 1.69 50 56% -1.12[1.70,-0.54] T
Yan Eetvelde, 2018 551 339 110 7.85 2.2 35  44% -234[331,-137] ——————
Yerma, 2009 519 1.69 50 556 1.68 50 53% -0.37[1.03,0.29) T P
Total (95% CI) 992 886 100.0% -1.07[-1.43,-0.71] R
Heterogeneity: Tau®= 0.52; Chi*= 526.67, df=18 (P < 0.00001); F=97%

2 10 1

Test for overall effect: Z= 5.83 (P < 0.00001) Type-2 diabetes Control
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Figure S5. Forest plot of diffusion capacity of the lungs for carbon monoxide
(mL/min/mm Hg)

Type-2 diabetes Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI , Rand 95% CI
Abd El-Azeem, 2013 1397 19 30 2251 27 40 11.5% -8.54[962,-7.46] ——
Agarwal, 2010 18.56 537 30 21.08 361 15  93% -252[517,013]
Anandhalakshmi, 2013 15.07 3.7 30 191 37 30 105% -4.03[5.90,-2.16) ——
Caron, 2017 29 56 10 274 289 9 73% 1.60 [-2.35, 5.55] N
Guazi, 2002 237 54 15 278 3.2 15  85% -4.10[7.28,-0.92] P - T—
Klein, 2012 1572 51 303 172 57 303 11.7% -1.48[2.34,-0.62] D2
Klein, 2012 b 16,67 553 560 1918 672 3604 11.9% -2.51[3.02,-2.00 B
Matsubara, 1991 15 48 52 188 58 48 10.2% -3.80[-5.90,-1.70] T
Saler, 2009 233 68 68 279 81 80 9.7% -4.60[-7.00,-2.20] S
Zamarron, 2001 215 486 31 241 43 16 9.3%  -2.60[-5.26, 0.06) S
Total (95% CI) 1129 4160 100.0% -3.42[-5.14,-1.70] <
Heterogeneity: Tau®= 6.38; Chi®=125.43, df= 9 (P < 0.00001); F= 93% 54 :2 3 é j‘
Test for overall effect: Z=3.91 (P < 0.0001) Type-2 diabetes Control

19



B. %FVC (L)

SE(MD)

A.FEV, (L)

Figure S6. Funnel plot of FEV; (L), FVC (L), FEF2s.75% (L/s), PEF (L/s) and DLco

(mL/min/mm Hg)

MD
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