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Abstract
Diabetes mellitus (DM) is a chronic metabolic disease and its prevalence has been 
steadily increasing all over the world. DM and its associated micro and 
macrovascular complications result in significant morbidity and mortality. The 
microvascular complications are usually manifested as retinopathy, neuropathy, 
nephropathy and macrovascular complications generally affect the cardiovascular 
system. In addition to these complications, DM also affects the lungs because of its 
rich vascularity and abundance in connective tissue (collagen and elastin). DM 
has been found to cause microvascular complications and proliferation of 
extracellular connective tissue in the lungs, leading to decline in lung function in a 
restrictive pattern. Interstitial lung disease (ILD) includes a diverse group of 
disease conditions characterized by different degrees of inflammation and fibrosis 
in the pulmonary parenchyma. Idiopathic pulmonary fibrosis (IPF) is one of the 
common type of idiopathic interstitial pneumonia with a high mortality rate. IPF 
is characterized by chronic progressive fibrosis leading to progressive respiratory 
failure. In this review we focus on lung as the target organ in DM and the 
association of DM and ILD with special emphasis on IPF.
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to multiple complications and comorbidities. Diabetic lung or diabetic pneumopathy is a 
condition characterized by progressive lung disease caused by the microvascular 
complications associated with diabetes mellitus. Early recognition of this complication and 
strict blood sugar control in patients with diabetes can prevent the progression and 
debilitating symptoms associated with the diabetic lung.
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INTRODUCTION
Diabetes mellitus (DM) is not only a common chronic disease but also a global health 
problem that has expanded significantly over the past several decades. World Health 
Organization has reported that the number of people with DM has risen from 108 
million in 1980 to 422 million and 8.5% of world adult population had DM in 2014[1]. 
The number of diabetic patients worldwide has been estimated to rise to 592 million in 
2035 by the International Diabetes Federation[2]. DM is characterized by 
hyperglycemia, which is secondary to insulin deficiency, which may be relative or 
absolute. More than 50% of the patients with DM are not aware of their diagnosis and 
are at risk for developing complications. It causes microvascular and macrovascular 
complications. Microvascular complications are generally manifested as nephropathy 
and retinopathy. Macrovascular complications include coronary artery disease, 
cerebrovascular disease and peripheral arterial disease[3]. In addition to these 
complications, pulmonary complications which include reduction in lung function as 
well as pulmonary fibrosis have been reported in literature[4]. The pulmonary system is 
prone to undergo microvascular damage and non-enzymatic glycation because of its 
large vascular bed and presence of abundant connective tissue. Our review is mainly 
going to focus on lung as a target organ for DM and the association of DM and 
interstitial lung disease (ILD).

PATHOPHYSIOLOGY OF DM IN ILD
The pathogenesis of DM resulting in interstitial lung disease is multifactorial and 
highly complex (Figure 1)[5]. Hyperglycemia leads to oxidative stress and causes an 
imbalance between free radical generation and antioxidant activity and this 
contributes to lung dysfunction in DM. Diabetes often when poorly controlled leads to 
autonomic neuropathy which can affect the pulmonary vascular tone resulting in 
pulmonary hypertension and phrenic nerve neuropathy that can result in 
diaphragmatic dysfunction and these patients commonly present with unexplained 
dyspnea and orthopnea. Autonomic neuropathy also affects the pulmonary 
mechanoreceptors resulting in impaired airway smooth muscle tone and excess 
surfactant production[6]. Long standing hyperglycemia leads to non-enzymatic 
glycation of extracellular proteins in the pulmonary interstitium contributing to ILD in 
DM. DM induced microangiopathy of pulmonary capillaries along with the 
glycosylation of alveolar basement membrane proteins results in significant 
impairment of alveolar gas exchange[7].

There is enough data to prove that the incidence of IPF increases with age and hence 
it is possible that age and lifestyle-related diseases including DM could be a risk factor 
for the development of IPF. It is also interesting to note that another potential link 
between IPF and DM is gastroesophageal reflux disease (GERD). Patients with DM are 
at a higher risk of GERD and studies suggest that GERD is a significant risk factor for 
IPF because of its association with micro-aspiration[8]. There have been many studies 
which have reported an accelerated decline in lung function in patients with DM and 
inadequate glycemic control. Diabetes related microvascular complications also lead to 
thickening of the basal lamina of pulmonary capillaries, reduced pulmonary capillary 
blood volume, cardiac autonomic nervous system dysfunction, glycosylation of 
connective tissue matrix and oxidative stress resulting in significant decline in 
diffusion capacity of the lung[9].
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Figure 1  Pathophysiology of diabetic pneumopathy. FEV1: Forced expiratory volume in 1 s; FVC: Forced vital capacity; DLCO: Diffusing capacity of the 
lungs for carbon monoxide.

DM also leads to pulmonary autonomic neuropathy which affects the control of 
ventilation with an impaired ventilatory response to hypoxia but not to 
hypercapnia[10]. Dysfunction in parasympathetic tone leads to increase in airway 
caliber, reduced muco-ciliary clearance and increased susceptibility to lung 
infections[11]. The defective muscle metabolism leads to reduction in muscle strength. 
Endurance of respiratory muscles is reduced and is inversely proportional to 
hemoglobin A1c. DM leading to phrenic nerve neuropathy impairs respiratory 
neuromuscular function and results in reduction of lung volumes and accelerates the 
restrictive complications in diabetic patients[12]. Due to the large pulmonary reserve, 
micro and macrovascular dysfunctions due to DM develop later in lungs than other 
organs. Oxidative stress, endothelial micro-injuries and platelet activation with 
consecutive inflammation are considered important mechanisms in development of 
pulmonary fibrosis[13].

Studies have proposed two major mechanisms by which diabetes leads to lung 
disease. Thorax and lungs are rich in collagen and elastin and the non-enzymatic 
glycation of these compounds could result in stiffening of the thoracic cage and lung 
parenchymal tissue resulting in a restrictive physiology. The second mechanism by 
which DM causes lung damage is through microvascular damage in the lungs that 
runs parallel to nephropathy, retinopathy and neuropathy. This results in thickening 
of alveolar epithelium and pulmonary capillary basal laminae and reduced presence of 
pulmonary capillary blood volume[14]. The combination of thickening alveolar wall and 
reduced perfusion results in ventilation perfusion mismatch resulting in impaired 
diffusion capacity.

PREVALENCE OF ILD IN DM
It is interesting to note that both the international guidelines on ILD and DM do not 
mention DM as a risk factor for ILD. A German study screened 280 participants (18 to 
75 years) at an outpatient clinic to investigate the incidence of restrictive lung disease 
and ILD in patients with prediabetes and type 2 DM[15]. In this study there were 48 
nondiabetics, 68 patients with prediabetes, 29 patients who have been newly 
diagnosed with type 2 DM and 110 patients with long-term type 2 DM. Five 
participants with type 2 DM, dyspnea and restrictive lung disease underwent high-
resolution computed tomography (CT) and 6-min walk test. Out of the 5, ILD was 
diagnosed in four patients and histological analysis revealed fibrosing ILD[15]. 9% of 
the patients who were prediabetes had restrictive lung disease, whereas it was seen in 
20% and 27% in newly diagnosed and long-term DM, respectively. In patients with 
long-term diabetes, presence of albuminuria, nephropathy were independent risk 
factors for development of restrictive lung disease. The MMRC (Modified Medical 
Research Council) dyspnea scale showed increased breathlessness in patients with 
long-term type 2 DM compared to patients with prediabetes and nondiabetics. 
Increased fasting glucose was significantly associated with decreased forced vital 
capacity (FVC). Normal lung tissue which was obtained from patients during surgery 
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for lung cancer (3 with and 4 without diabetes) showed increased fibrotic disease in 
patients with type 2 DM compared to nondiabetics. This study showed increased risk 
for dyspnea and ILD in patients with type 2 DM[15].

A Japanese case control study analyzed 65 consecutive patients with IPF and 184 
control subjects who presented to an outpatient clinic for routine medical examination. 
The prevalence of DM was 32.7% in patients with IPF and 11.4% in control subjects[16]. 
A retrospective longitudinal cohort study done in northern California concluded that 
patients with diabetes are at increased risk of developing IPF [HR-1.54 (1.31-1.81)]. The 
cohort included 77637 members with DM and 1733591 without diabetes. Incidence rate 
was 0.09 in nondiabetics and 0.14 in diabetics (per thousand person years)[17]. Suarez 
et al[18] reported higher prevalence of DM in patients with IPF, Non-specific interstitial 
pneumonitis (NSIP) and Hypersensitivity pneumonitis (HP). Abramowitz et al[19] 
investigated 2832 patients with IPF and concluded that 9% of them had DM. Suga 
et al[20] reported DM in 24% of patients with idiopathic interstitial pneumonias 
compared to 4.5% of patients with DM in control group.

Patients with certain ILDs such as cryptogenic organizing pneumonia, HP, NSIP, 
sarcoidosis are frequently treated with chronic oral corticosteroids and this can lead to 
steroid induced diabetes. A Korean study found that out of 125 patients with 
idiopathic interstitial pneumonitis who were treated with oral glucocorticoids, 27 
patients (21.6%) developed steroid induced DM[21].

DM AND IPF
IPF is a chronic progressive fibrotic ILD of unknown etiology with a high fatality rate 
and is usually seen in adults over 50 years of age. Aging is an important risk factor for 
both DM and IPF. Increased thickness of alveolar capillary walls, alveolar walls and 
pulmonary arteriolar walls representing fibrotic histopathological changes have been 
reported in autopsied lungs from diabetic patients. The alveolar epithelial cells and 
endothelial capillary basal laminae are significantly thicker in diabetic patients[22]. A 
Danish study found that DM is the third most frequently observed comorbidity of IPF 
after cardiovascular disease and arterial hypertension[23]. The study also suggested DM 
significantly increases mortality in IPF patients. A multicenter Korean study 
investigated the relationship between DM and IPF[24]. Out of 1685 patients studied, 299 
patients had DM (17.7%). The study found that IPF patients with DM were more likely 
to have a typical usual interstitial pneumonia pattern on high resolution CT chest 
including reticular and honeycombing pattern than were IPF patients without DM[24].

PULMONARY FUNCTION TEST IN DIABETES
Diabetes has been associated with decline in lung function and particularly shows a 
restrictive pattern of ventilatory defect on the pulmonary function testing. Studies 
have shown a decline in forced expiratory volume in 1 s (FEV1) in patients with DM at 
a rate 2-3 times faster than that of normal non-smoking subjects[25]. On an average 
FEV1 reduces by 25 to 30 mL/year in non-smoking healthy adults and around 71 mL 
per year decline in FEV1 is seen in subjects with DM[26]. In patients with DM, a decline 
in FVC and dynamic lung compliance which is probably related to peripheral airway 
obstruction has been reported[25]. Shah et al[27] analyzed pulmonary function parameters 
in 60 type 2 diabetic patients and 60 normal healthy controls aged 40 to 60 years. FVC, 
FEV1 were significantly reduced in patients with type 2 DM compared to healthy 
controls except FEV1/ FVC ratio which was similar in both.

In 2010, van den Borst et al[28] in their meta-analysis, studied the PFT data of 3182 
patients with diabetes. They had 27080 control subjects in their meta-analysis. The 
results showed impaired pulmonary function with a restrictive pattern. FEV1, FVC 
and diffusing capacity of the lungs for carbon monoxide (DLCO) were significantly 
decreased in patients with DM when compared to the healthy subjects. The results 
were irrespective of BMI, smoking, diabetes duration and hemoglobin A1c levels. In a 
study done by Klein et al[29] 560 patients with DM were compared to nondiabetics and 
they were found to have a significant reduction in FEV1, FVC and DLCO.
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METFORMIN AND IPF
There is ongoing research about the role of metformin in resolution of the fibrotic 
changes in patients with IPF. IPF is characterized by excessive accumulation of 
extracellular matrix and remodeling of lung architecture from dysfunctional tissue 
response to injury. Adenosine monophosphate activated protein kinase (AMPK) is a 
cellular energy sensor and metabolic regulator. Reduced activity of AMPK has been 
implicated in the development of organ fibrosis[30]. Pharmacological activation of 
AMPK in myofibroblasts has shown to exert protective effects on lung and mitigate 
the development of pulmonary fibrosis[30]. Metformin has shown to accelerate the 
resolution of bleomycin induced pulmonary fibrosis in mice in an AMPK dependent 
manner[31].

Reactive oxygen species exacerbates transforming growth factor (TGF)-β induced 
myofibroblast differentiation which plays a key role in the pathogenesis of pulmonary 
fibrosis[32]. Increased NOX4 (NADPH oxidase) expression were observed in fibroblasts 
isolated from IPF patients[33]. Metformin has shown to inhibit TGF-β induced NOX4 
expression and thereby regulate myofibroblast differentiation in human lung 
fibroblasts as well as bleomycin induced pulmonary fibrosis in mice[34].

OTHER ANTI-DIABETIC MEDICATIONS ASSOCIATED WITH ILD
Few isolated cases of ILD from dipeptidyl peptidase-4 inhibitors have been reported in 
literature[35-37]. These cases have been secondary to vildagliptin and patients fully 
recovered after withdrawal of the offending drug and administration of 
glucocorticoids. A single case of sitagliptin induced diffuse alveolar hemorrhage 
presenting as bilateral pulmonary infiltrates was reported in Japan[38].

Pioglitazone which belongs to thiazolidinedione group of antidiabetic medications 
is also a peroxisome proliferator activated receptor gamma ligand. Pioglitazone with 
its potent anti-inflammatory action has shown to ameliorate bleomycin-induced acute 
inflammatory response and fibrotic changes in rats and is being studied as a potential 
treatment for pulmonary fibrosis[39]. One case of pioglitazone induced acute lung injury 
has been reported in Japan[40]. Glibenclamide is a commonly used sulfonylurea drug in 
the treatment of type 2 DM. By downregulating pro-inflammatory cytokines and 
reactive oxygen species it also exerts a protective role in inflammatory disorders like 
pulmonary fibrosis[41]. Liraglutide, which is a glucagon like peptide-1 receptor agonist 
that belongs to incretin mimetic group has both preventive and therapeutic effects on 
pulmonary arterial hypertension by increasing nitric oxide synthetase expression in 
smooth muscle cells[42].

EFFECT OF BLOOD SUGAR CONTROL AND LIFESTYLE CHANGES
The effect of strict blood sugar control on progression of interstitial lung disease has 
not been studied. Studies however have found a significant inverse correlation of lung 
function with fasting blood glucose levels. The association of blood glucose levels and 
lung function was analyzed in 3254 participants of the Framingham heart cohort and it 
was found that participants in the highest quartile (102-305 mg/dL) of fasting blood 
glucose had FEV1 and FVC that were on an average 85 mL and 94 mL lower than 
subjects in the lowest quartile (48-88 mg/dL)[43]. Hemoglobin A1c and fasting blood 
glucose were found to have negative association with FVC, DLCO and TLC in a 
prospective study of over 280 participants with prediabetes and type-2 diabetes[15]. 
These studies indicate that a strict blood sugar control may potentially improve the 
lung function and symptoms in patients with ILD. Direct impact of lifestyle 
modification on progression of interstitial lung disease is not known. But studies have 
shown that in patients with IPF, those who practice healthy lifestyle behaviors like 
walking, eat healthy and exercise on a regular basis were found to have improved 
quality of life with less symptoms, hospitalizations and mortality from IPF[44].

CONCLUSION
Diabetic microangiopathy targets lung and pneumopathy is a late complication of DM, 
and it should be more frequently screened in patients with type 2 DM and dyspnea. 
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Pulmonary system remains relatively spared from exhibiting signs of severe 
dysfunction until later part of life when compared to the other organs because of its 
wide microvascular beds and large reserve. Early detection, screening and awareness 
about diabetes related interstitial lung disease could significantly reduce the 
pulmonary comorbidity from hyperglycemia. More studies are needed to better 
understand the pathophysiological mechanisms by which DM leads to ILD especially 
idiopathic pulmonary fibrosis and role of metformin in treatment of ILD. Both the DM 
and IPF societies should consider including diabetes as a risk factor for IPF in their 
guidelines because of its strong association.

REFERENCES
NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in diabetes since 1980: a pooled analysis 
of 751 population-based studies with 4.4 million participants. Lancet 2016; 387: 1513-1530 [PMID: 
27061677 DOI: 10.1016/S0140-6736(16)00618-8]

1     

International Federation Diabetes.   IDF Diabetes Atlas 2013. 6th ed. Brussels: International Federation 
Diabetes, 2013

2     

Deshpande AD, Harris-Hayes M, Schootman M. Epidemiology of diabetes and diabetes-related 
complications. Phys Ther 2008; 88: 1254-1264 [PMID: 18801858 DOI: 10.2522/ptj.20080020]

3     

Pitocco D, Fuso L, Conte EG, Zaccardi F, Condoluci C, Scavone G, Incalzi RA, Ghirlanda G. The diabetic 
lung--a new target organ? Rev Diabet Stud 2012; 9: 23-35 [PMID: 22972442 DOI: 10.1900/RDS.2012.9.23]

4     

Kolahian S, Leiss V, Nürnberg B. Diabetic lung disease: fact or fiction? Rev Endocr Metab Disord 2019; 20: 
303-319 [PMID: 31637580 DOI: 10.1007/s11154-019-09516-w]

5     

Buels KS, Fryer AD. Muscarinic receptor antagonists: effects on pulmonary function. Handb Exp Pharmacol 
2012; 317-341 [PMID: 22222705 DOI: 10.1007/978-3-642-23274-9_14]

6     

Chance WW, Rhee C, Yilmaz C, Dane DM, Pruneda ML, Raskin P, Hsia CC. Diminished alveolar 
microvascular reserves in type 2 diabetes reflect systemic microangiopathy. Diabetes Care 2008; 31: 1596-
1601 [PMID: 18492945 DOI: 10.2337/dc07-2323]

7     

Raghu G, Freudenberger TD, Yang S, Curtis JR, Spada C, Hayes J, Sillery JK, Pope CE 2nd, Pellegrini CA. 
High prevalence of abnormal acid gastro-oesophageal reflux in idiopathic pulmonary fibrosis. Eur Respir J 
2006; 27: 136-142 [PMID: 16387946 DOI: 10.1183/09031936.06.00037005]

8     

McKeever TM, Weston PJ, Hubbard R, Fogarty A. Lung function and glucose metabolism: an analysis of 
data from the Third National Health and Nutrition Examination Survey. Am J Epidemiol 2005; 161: 546-556 
[PMID: 15746471 DOI: 10.1093/aje/kwi076]

9     

Bottini P, Scionti L, Santeusanio F, Casucci G, Tantucci C. Impairment of the respiratory system in diabetic 
autonomic neuropathy. Diabetes Nutr Metab 2000; 13: 165-172 [PMID: 10963393]

10     

Santos e Fonseca CM, Manço JC, Gallo Júnior L, Barreira AA, Foss MC. Cholinergic bronchomotor tone 
and airway caliber in insulin-dependent diabetes mellitus. Chest 1992; 101: 1038-1043 [PMID: 1555418 
DOI: 10.1378/chest.101.4.1038]

11     

Scano G, Seghieri G, Mancini M, Filippelli M, Duranti R, Fabbri A, Innocenti F, Iandelli I, Misuri G. 
Dyspnoea, peripheral airway involvement and respiratory muscle effort in patients with type I diabetes 
mellitus under good metabolic control. Clin Sci (Lond) 1999; 96: 499-506 [PMID: 10209082]

12     

Forgiarini LA Jr, Kretzmann NA, Porawski M, Dias AS, Marroni NA. Experimental diabetes mellitus: 
oxidative stress and changes in lung structure. J Bras Pneumol 2009; 35: 788-791 [PMID: 19750332 DOI: 
10.1590/s1806-37132009000800011]

13     

Ozşahin K, Tuğrul A, Mert S, Yüksel M, Tuğrul G. Evaluation of pulmonary alveolo-capillary permeability 
in Type 2 diabetes mellitus: using technetium 99mTc-DTPA aerosol scintigraphy and carbon monoxide 
diffusion capacity. J Diabetes Complications 2006; 20: 205-209 [PMID: 16798470 DOI: 
10.1016/j.jdiacomp.2005.07.003]

14     

Kopf S, Groener JB, Kender Z, Fleming T, Brune M, Riedinger C, Volk N, Herpel E, Pesta D, Szendrödi J, 
Wielpütz MO, Kauczor HU, Katus HA, Kreuter M, Nawroth PP. Breathlessness and Restrictive Lung 
Disease: An Important Diabetes-Related Feature in Patients with Type 2 Diabetes. Respiration 2018; 96: 29-
40 [PMID: 29874679 DOI: 10.1159/000488909]

15     

Enomoto T, Usuki J, Azuma A, Nakagawa T, Kudoh S. Diabetes mellitus may increase risk for idiopathic 
pulmonary fibrosis. Chest 2003; 123: 2007-2011 [PMID: 12796182 DOI: 10.1378/chest.123.6.2007]

16     

Ehrlich SF, Quesenberry CP Jr, Van Den Eeden SK, Shan J, Ferrara A. Patients diagnosed with diabetes are 
at increased risk for asthma, chronic obstructive pulmonary disease, pulmonary fibrosis, and pneumonia but 
not lung cancer. Diabetes Care 2010; 33: 55-60 [PMID: 19808918 DOI: 10.2337/dc09-0880]

17     

Suarez TCG, Contreras E. Increase prevalence of diabetes mellitus in patients with interstitial lung disease. 
Am J Respir Crit Care Med 2000; 161: A829

18     

Abramowitz S, Leiner GC, Small MJ. Chronic respiratory diseases and diabetes. Rev Allergy 1969; 23: 972-
977 [PMID: 5371140]

19     

Suga T, Sugiyama Y, Kitamura S. [Clinical study of patients with idiopathic interstitial pneumonia 
accompanied by diabetes mellitus]. Nihon Kyobu Shikkan Gakkai Zasshi 1994; 32: 1131-1135 [PMID: 
7853768]

20     

Kim SY, Yoo CG, Lee CT, Chung HS, Kim YW, Han SK, Shim YS, Yim JJ. Incidence and risk factors of 
steroid-induced diabetes in patients with respiratory disease. J Korean Med Sci 2011; 26: 264-267 [PMID: 
21286019 DOI: 10.3346/jkms.2011.26.2.264]

21     

Matsubara T, Hara F. [The pulmonary function and histopathological studies of the lung in diabetes 
mellitus]. Nihon Ika Daigaku Zasshi 1991; 58: 528-536 [PMID: 1744225 DOI: 10.1272/jnms1923.58.528]

22     

Hyldgaard C, Hilberg O, Bendstrup E. How does comorbidity influence survival in idiopathic pulmonary 23     

http://www.ncbi.nlm.nih.gov/pubmed/27061677
https://dx.doi.org/10.1016/S0140-6736(16)00618-8
http://www.ncbi.nlm.nih.gov/pubmed/18801858
https://dx.doi.org/10.2522/ptj.20080020
http://www.ncbi.nlm.nih.gov/pubmed/22972442
https://dx.doi.org/10.1900/RDS.2012.9.23
http://www.ncbi.nlm.nih.gov/pubmed/31637580
https://dx.doi.org/10.1007/s11154-019-09516-w
http://www.ncbi.nlm.nih.gov/pubmed/22222705
https://dx.doi.org/10.1007/978-3-642-23274-9_14
http://www.ncbi.nlm.nih.gov/pubmed/18492945
https://dx.doi.org/10.2337/dc07-2323
http://www.ncbi.nlm.nih.gov/pubmed/16387946
https://dx.doi.org/10.1183/09031936.06.00037005
http://www.ncbi.nlm.nih.gov/pubmed/15746471
https://dx.doi.org/10.1093/aje/kwi076
http://www.ncbi.nlm.nih.gov/pubmed/10963393
http://www.ncbi.nlm.nih.gov/pubmed/1555418
https://dx.doi.org/10.1378/chest.101.4.1038
http://www.ncbi.nlm.nih.gov/pubmed/10209082
http://www.ncbi.nlm.nih.gov/pubmed/19750332
https://dx.doi.org/10.1590/s1806-37132009000800011
http://www.ncbi.nlm.nih.gov/pubmed/16798470
https://dx.doi.org/10.1016/j.jdiacomp.2005.07.003
http://www.ncbi.nlm.nih.gov/pubmed/29874679
https://dx.doi.org/10.1159/000488909
http://www.ncbi.nlm.nih.gov/pubmed/12796182
https://dx.doi.org/10.1378/chest.123.6.2007
http://www.ncbi.nlm.nih.gov/pubmed/19808918
https://dx.doi.org/10.2337/dc09-0880
http://www.ncbi.nlm.nih.gov/pubmed/5371140
http://www.ncbi.nlm.nih.gov/pubmed/7853768
http://www.ncbi.nlm.nih.gov/pubmed/21286019
https://dx.doi.org/10.3346/jkms.2011.26.2.264
http://www.ncbi.nlm.nih.gov/pubmed/1744225
https://dx.doi.org/10.1272/jnms1923.58.528


Rajasurya V et al. ILD and diabetes

WJD https://www.wjgnet.com 357 August 15, 2020 Volume 11 Issue 8

fibrosis? Respir Med 2014; 108: 647-653 [PMID: 24529739 DOI: 10.1016/j.rmed.2014.01.008]
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, Jeong SH. Clinical 
characteristics of idiopathic pulmonary fibrosis patients with diabetes mellitus: the national survey in Korea 
from 2003 to 2007. J Korean Med Sci 2012; 27: 756-760 [PMID: 22787370 DOI: 
10.3346/jkms.2012.27.7.756]

24     

Davis WA, Knuiman M, Kendall P, Grange V, Davis TM; Fremantle Diabetes Study. Glycemic exposure is 
associated with reduced pulmonary function in type 2 diabetes: the Fremantle Diabetes Study. Diabetes Care 
2004; 27: 752-757 [PMID: 14988297 DOI: 10.2337/diacare.27.3.752]

25     

Lange P, Groth S, Mortensen J, Appleyard M, Nyboe J, Schnohr P, Jensen G. Diabetes mellitus and 
ventilatory capacity: a five year follow-up study. Eur Respir J 1990; 3: 288-292 [PMID: 2340886]

26     

Shah SH, Sonawane P, Nahar P, Vaidya S, Salvi S. Pulmonary function tests in type 2 diabetes mellitus and 
their association with glycemic control and duration of the disease. Lung India 2013; 30: 108-112 [PMID: 
23741090 DOI: 10.4103/0970-2113.110417]

27     

van den Borst B, Gosker HR, Zeegers MP, Schols AM. Pulmonary function in diabetes: a metaanalysis. 
Chest 2010; 138: 393-406 [PMID: 20348195 DOI: 10.1378/chest.09-2622]

28     

Klein OL, Krishnan JA, Glick S, Smith LJ. Systematic review of the association between lung function and 
Type 2 diabetes mellitus. Diabet Med 2010; 27: 977-987 [PMID: 20722670 DOI: 
10.1111/j.1464-5491.2010.03073.x]

29     

Wynn TA, Ramalingam TR. Mechanisms of fibrosis: therapeutic translation for fibrotic disease. Nat Med 
2012; 18: 1028-1040 [PMID: 22772564 DOI: 10.1038/nm.2807]

30     

Rangarajan S, Bone NB, Zmijewska AA, Jiang S, Park DW, Bernard K, Locy ML, Ravi S, Deshane J, 
Mannon RB, Abraham E, Darley-Usmar V, Thannickal VJ, Zmijewski JW. Metformin reverses established 
lung fibrosis in a bleomycin model. Nat Med 2018; 24: 1121-1127 [PMID: 29967351 DOI: 
10.1038/s41591-018-0087-6]

31     

Araya J, Nishimura SL. Fibrogenic reactions in lung disease. Annu Rev Pathol 2010; 5: 77-98 [PMID: 
20078216 DOI: 10.1146/annurev.pathol.4.110807.092217]

32     

Hecker L, Vittal R, Jones T, Jagirdar R, Luckhardt TR, Horowitz JC, Pennathur S, Martinez FJ, Thannickal 
VJ. NADPH oxidase-4 mediates myofibroblast activation and fibrogenic responses to lung injury. Nat Med 
2009; 15: 1077-1081 [PMID: 19701206 DOI: 10.1038/nm.2005]

33     

Sato N, Takasaka N, Yoshida M, Tsubouchi K, Minagawa S, Araya J, Saito N, Fujita Y, Kurita Y, 
Kobayashi K, Ito S, Hara H, Kadota T, Yanagisawa H, Hashimoto M, Utsumi H, Wakui H, Kojima J, 
Numata T, Kaneko Y, Odaka M, Morikawa T, Nakayama K, Kohrogi H, Kuwano K. Metformin attenuates 
lung fibrosis development via NOX4 suppression. Respir Res 2016; 17: 107 [PMID: 27576730 DOI: 
10.1186/s12931-016-0420-x]

34     

Ohara N, Kaneko M, Sato K, Maruyama R, Furukawa T, Tanaka J, Kaneko K, Kamoi K. Vildagliptin-
induced acute lung injury: a case report. J Med Case Rep 2016; 10: 225 [PMID: 27520566 DOI: 
10.1186/s13256-016-1006-4]

35     

Tagaya Y, Okada S, Hisada T, Niijima Y, Yamada M. Interstitial pneumonia during administration of 
dipeptidyl peptidase-4 inhibitors. J Diabetes 2016; 8: 442 [PMID: 26678559 DOI: 
10.1111/1753-0407.12359]

36     

Kuse N, Abe S, Kuribayashi H, Inomata M, Saito H, Fukuda Y, Gemma A. A case of vildagliptin-induced 
interstitial pneumonia. Respir Med Case Rep 2016; 18: 10-13 [PMID: 27144110 DOI: 
10.1016/j.rmcr.2016.03.005]

37     

Kikuchi R, Nakamura H, Aoshiba K. Sitagliptin-induced diffuse alveolar hemorrhage mimicking pulmonary 
edema. J Family Med Prim Care 2018; 7: 480-481 [PMID: 30090803 DOI: 10.4103/jfmpc.jfmpc_160_17]

38     

Aoki Y, Maeno T, Aoyagi K, Ueno M, Aoki F, Aoki N, Nakagawa J, Sando Y, Shimizu Y, Suga T, Arai M, 
Kurabayashi M. Pioglitazone, a peroxisome proliferator-activated receptor gamma ligand, suppresses 
bleomycin-induced acute lung injury and fibrosis. Respiration 2009; 77: 311-319 [PMID: 18974632 DOI: 
10.1159/000168676]

39     

Katayama K, Kumagai R, Isono M, Fujihara K, Yagyu H, Ohara G, Kagohashi K, Satoh H. Pioglitazone-
induced Pulmonary Injury in a Very Elderly Patient. Intern Med 2016; 55: 1779-1782 [PMID: 27374683 
DOI: 10.2169/internalmedicine.55.6330]

40     

Zhang G, Lin X, Zhang S, Xiu H, Pan C, Cui W. A Protective Role of Glibenclamide in Inflammation-
Associated Injury. Mediators Inflamm 2017; 2017: 3578702 [PMID: 28740332 DOI: 10.1155/2017/3578702]

41     

Lee MY, Tsai KB, Hsu JH, Shin SJ, Wu JR, Yeh JL. Liraglutide prevents and reverses monocrotaline-
induced pulmonary arterial hypertension by suppressing ET-1 and enhancing eNOS/sGC/PKG pathways. Sci 
Rep 2016; 6: 31788 [PMID: 27581840 DOI: 10.1038/srep31788]

42     

Walter RE, Beiser A, Givelber RJ, O'Connor GT, Gottlieb DJ. Association between glycemic state and lung 
function: the Framingham Heart Study. Am J Respir Crit Care Med 2003; 167: 911-916 [PMID: 12623860 
DOI: 10.1164/rccm.2203022]

43     

Vainshelboim B, Oliveira J, Izhakian S, Unterman A, Kramer MR. Lifestyle Behaviors and Clinical 
Outcomes in Idiopathic Pulmonary Fibrosis. Respiration 2018; 95: 27-34 [PMID: 29045951 DOI: 
10.1159/000481202]

44     

http://www.ncbi.nlm.nih.gov/pubmed/24529739
https://dx.doi.org/10.1016/j.rmed.2014.01.008
http://www.ncbi.nlm.nih.gov/pubmed/22787370
https://dx.doi.org/10.3346/jkms.2012.27.7.756
http://www.ncbi.nlm.nih.gov/pubmed/14988297
https://dx.doi.org/10.2337/diacare.27.3.752
http://www.ncbi.nlm.nih.gov/pubmed/2340886
http://www.ncbi.nlm.nih.gov/pubmed/23741090
https://dx.doi.org/10.4103/0970-2113.110417
http://www.ncbi.nlm.nih.gov/pubmed/20348195
https://dx.doi.org/10.1378/chest.09-2622
http://www.ncbi.nlm.nih.gov/pubmed/20722670
https://dx.doi.org/10.1111/j.1464-5491.2010.03073.x
http://www.ncbi.nlm.nih.gov/pubmed/22772564
https://dx.doi.org/10.1038/nm.2807
http://www.ncbi.nlm.nih.gov/pubmed/29967351
https://dx.doi.org/10.1038/s41591-018-0087-6
http://www.ncbi.nlm.nih.gov/pubmed/20078216
https://dx.doi.org/10.1146/annurev.pathol.4.110807.092217
http://www.ncbi.nlm.nih.gov/pubmed/19701206
https://dx.doi.org/10.1038/nm.2005
http://www.ncbi.nlm.nih.gov/pubmed/27576730
https://dx.doi.org/10.1186/s12931-016-0420-x
http://www.ncbi.nlm.nih.gov/pubmed/27520566
https://dx.doi.org/10.1186/s13256-016-1006-4
http://www.ncbi.nlm.nih.gov/pubmed/26678559
https://dx.doi.org/10.1111/1753-0407.12359
http://www.ncbi.nlm.nih.gov/pubmed/27144110
https://dx.doi.org/10.1016/j.rmcr.2016.03.005
http://www.ncbi.nlm.nih.gov/pubmed/30090803
https://dx.doi.org/10.4103/jfmpc.jfmpc_160_17
http://www.ncbi.nlm.nih.gov/pubmed/18974632
https://dx.doi.org/10.1159/000168676
http://www.ncbi.nlm.nih.gov/pubmed/27374683
https://dx.doi.org/10.2169/internalmedicine.55.6330
http://www.ncbi.nlm.nih.gov/pubmed/28740332
https://dx.doi.org/10.1155/2017/3578702
http://www.ncbi.nlm.nih.gov/pubmed/27581840
https://dx.doi.org/10.1038/srep31788
http://www.ncbi.nlm.nih.gov/pubmed/12623860
https://dx.doi.org/10.1164/rccm.2203022
http://www.ncbi.nlm.nih.gov/pubmed/29045951
https://dx.doi.org/10.1159/000481202


Published by Baishideng Publishing Group Inc 

7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA 

Telephone: +1-925-3991568 

E-mail: bpgoffice@wjgnet.com 

Help Desk: https://www.f6publishing.com/helpdesk 

https://www.wjgnet.com

© 2020 Baishideng Publishing Group Inc. All rights reserved.

mailto:bpgoffice@wjgnet.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

