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Abstract - Type 2 Diabetes Mellitus (T2DM) presents a significant concern in the realm of public health, contributing to 

heightened morbidity due to its widespread impact on multiple bodily systems, including adverse effects on lung function. The 

primary objective of this investigation was to delve into the intricacies of lung function among individuals afflicted by T2DM. 

Furthermore, we aimed to elucidate the connection between the severity of the disease and lung function.                 To accomplish 

this, an in-depth analytical case-control study spanned one year, from 2022 to 2023, at Tishreen University Hospital in Lattakia, 

Syria. Our research involved a cohort of T2DM patients aged 18 years and older, with a minimum disease duration of two years 

(referred to as cases), who were meticulously compared to a well-matched group of healthy individuals (referred to as controls) 

regarding their lung functions. Results: There were no significant differences between the two groups regarding age, sex, and 

body mass index BMI(p>0.05). Duration of diabetes was longer than 10 years in 35.7% of the patients, with the presence of 

uncontrolled disease in 60.7% and 70.8% according to HbA1C and fasting blood glucose levels, respectively. A statistically 

significant decrease in FEV1 and FVC was seen in T2DM patients compared to healthy controls (p:0.0001) without a significant 

decrease in FEV1/FVC(p:0.6). There was a significant decrease in FEV1(p:0.01) and FVC(p:0.003) with increasing duration 

of disease without significant alterations in FEV1/FVC(p:0.08). In addition, there was a significant decrease in FEV1 and FVC 

(p<0.05) in uncontrolled patients according to HbA1C and fasting blood glucose. 
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1. Introduction  
Diabetes mellitus (DM) is recognized as a group of 

metabolic disorders characterized by elevated blood sugar 

levels, stemming from either a deficiency in insulin secretion, 

whether partial or total or a varying degree of resistance to the 

effects of insulin[1,2]. It is classified into three types 

according to etiology and clinical presentation: type 

1(T1DM), type 2(T2DM), and gestational(GDM) [3]. Type 2 

diabetes mellitus (T2DM) is a diverse condition characterized 

by different prevalence rates. It is recognized as a global 

epidemic that continues to escalate due to the rising incidence 

of obesity and lifestyle changes. [4,5]. The pathophysiology 

of Type 2 diabetes mellitus (T2DM) encompasses peripheral 

insulin resistance, disrupted regulation of hepatic glucose 

production, and the progressive decline of β cells, ultimately 

culminating in β cell failure. [6,7]. Diabetes is associated with 

an increased risk of micro and macrovascular disease, which 

affects the kidneys, eyes, heart, blood vessels, nerves and 

lungs [8,9].   

Pulmonary function tests offer precise and quantifiable 

assessments of lung function. Spirometry, in particular, 

evaluates lung volume and airflow by measuring the forced 

expiration following maximal inhalation, thereby determining 

the total lung capacity[10,11,12]. The respiratory system is 

one of the bodily systems influenced by diabetes mellitus, yet 

the precise pathophysiological mechanisms responsible for 

the alterations it may undergo due to diabetes remain 

unclear[13,14].  

The lung is rich in microvascular circulation, explaining 

the association between lung injury and diabetes by 

angiopathic process and glycosylation of tissue proteins 

resulting from chronic hyperglycemia [15,16,17]. In addition, 

there is a decrease in ventilator drive and respiratory muscle 

myopathy in T2DM due to neuropathy that affects both the 

central and peripheral nervous systems [18,19].  Pulmonary 

functions of T2DM patients have been investigated in 

previous studies in adults with different results. The absence 

of local studies prompted us to carry out this study. Therefore, 

the study's objectives were to: 1- determine the effect of 

diabetes mellitus on pulmonary function tests.2- compare lung 

function between patients according to glycemic control and 

disease duration.  
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2. Patients and Methods 
This study conducted at the Department of 

Endocrinology in Tishreen University Hospital, Lattakia, 

Syria, over a one-year period from 2022 to 2023, represents 

an analytical case-control investigation. The study group 

comprised patients diagnosed with Type 2 diabetes mellitus 

(T2DM), aged 18 years or older, of both sexes and with a 

disease duration exceeding two years. Exclusion criteria 

encompassed individuals with cardiac or pulmonary 

conditions contraindicating pulmonary function tests, 

smokers, pregnant individuals, and patients with a BMI of 35 

or higher. 

 

A comprehensive assessment was conducted, including a 

thorough medical history, a review of systems, and a physical 

examination. Height and weight measurements were 

obtained, and body mass index (BMI) was calculated using 

the formula weight(kg) divided by height(m) squared(kg/m²). 

BMI categories were defined as normal weight (18.5-24.9 

kg/m²), overweight (25-29.9 kg/m²), and obesity (≥30 kg/m²). 

Good glycemic control was defined as having a glycated 

hemoglobin (HbA1c) level below 7% and fasting blood 

glucose within the range of 80-130 mg/dL. 

 

The control group consisted of healthy individuals of 

matching age and sex without a diagnosis of T2DM. 

Pulmonary function tests were administered and compared 

between the two groups, with all patients undergoing chest X-

rays to rule out the presence of obstructive lung diseases. 

 

3. Statistical Analysis  
Statistical analysis was performed by using the IBM 

SPSS version20. Basic Descriptive statistics included means, 

Standard Deviations (SD), median, Frequency and 

percentages.  To examine the relationships and comparisons 

between the two groups, the chi-square test was used. 

Independent t student tests were used to compare 2 

independent groups. All the tests were considered significant 

at a 5% type I error rate(p<0.05), β:20%, and power of the 

study:80%.  

4. Results and Discussion  
4.1. Results  

The baseline characteristics of the participants are shown 

in (Table 1). The study included a group of 56 healthy adults 

(31 males, 25 females) and 56 patients with T2DM (35 

males,21 females), p:0.5. No significant difference was found 

between the groups in terms of age (51.23±4.9 in cases group 

versus 48.62±6.6 in control group, p:0.9). According to BMI 

classification, overweight patients represented the most 

frequent group (53.5%), followed by normal weight (33.9%), 

obesity (8.9%) and underweight (3.5%) in cases group. In 

control group, overweight represented the most frequent 

group (48.2%), followed by normal weight (42.8%), obesity 

(3.5%), and normal weight (1.78%), p: 0.4.  There were 

significant differences between two groups regarding FVC 

and FEV1(cases versus control); (72.91±8.8 versus 

90.62±4.1, .p:0.0001) and(68.54±9.2 versus 

85.49±3.9,p:0.0001) respectively. Fig 1 

 
Table 1. Comparison of demographic characteristics and lung functions 

of the study population between two groups  

Variable 
Case 

group 56 

Control 

group 56 
P-value  

Sex 

Male 

Female 

 

35(62.5%) 

21(37.5%) 

 

31(55.4%) 

25(44.6%) 

0.5 

Age  (Year) 51.23±4.9 48.62±6.6 0.9 

BMI 

<18.5 

18.5–24.9 

25–29.9 

≥30 

 

2(3.5%) 

19(33.9%) 

30(53.5%) 

5(8.9%) 

 

1(1.78%) 

24(42.8%) 

29(48.2%) 

2(3.5%) 

 

 

0.4  

LFTs 

FVC 

FEV1 

FEV1/FVC  

 

72.91±8.8 

68.54±9.2 

92.48±5.4 

 

90.62±4.1 

85.49±3.9 

92.79±4.9 

0.6 

 

Duration of diabetes was <10 years in 36 cases (64.3%) and 

longer than 10 years in 20 cases (35.7%). Based on direct 

measures of glycemia, good glycemic control was determined 

in 13 cases (23.2%) and 22 cases (39.3%) depending on 

fasting blood glucose and HbA1c levels, respectively. 

 
Table 2. Lab-based blood glucose testing of the case group 

 

 FVC was significantly lower with longer duration of 

disease (65.74±8.9 versus 75.92±5.6, p:0.003), uncontrolled 

disease depending on fasting blood glucose (68.92±5.8 versus 

76.23±4.9, p:0.003) and HbA1C (68.22±7.9 versus 77.92±5.2, 

p:0.0001). FEV1 was significantly lower with longer duration 

of disease (63.35±9.2 versus 71.21±9.1, p:0.01), uncontrolled 

disease depending on fasting blood glucose (65.11±7.8 versus 

73.92±6.5, p:0.001) and HbA1C (63.51±5.2 versus 74.92±6.9, 

p:0.002). FEV1/FVC did not differ significantly between 

patients according to duration of disease(p:0.08), glycemic 

status depending on fasting blood glucose(p:0.9) and 

HbA1C(p:0.07).

Variable Result  

Duration of T2DM(year) 

<10 

≥10 

 

36(64.3%) 

20(35.7%) 

Fasting blood glucose 

Controlled 

Uncontrolled 

 

     13(23.2%) 

43(70.8%) 

Glycosylated hemoglobin(HbA1c) 

Controlled 

Uncontrolled 

 

     22(39.3%) 

34(60.7%) 
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Table 3. Comparison of lung function according to glycemic control 

status and duration of disease 

Glycemic status 
Lung function 

FVC FEV1 FEV1/FVC  

Duration of 

T2DM 

<10 

≥10 

p-value 

 

75.92±5.6 

65.74±8.9 

0.003 

 

71.21±9.1 

63.35±9.2 

0.01 

 

93.07±4.9 

91.75±5.2 

0.08 

Fasting blood 

Glucose 

Controlled 

Uncontrolled 

p-value 

 

 

76.23±4.9 

68.92±5.8 

0.003 

 

 

73.92±6.5 

65.11±7.8 

0.001 

 

 

92.23±4.9 

91.56±5.1 

0.9 

Glycosylated 

hemoglobin 

(HbA1c) 

Controlled 

Uncontrolled 

p-value 

77.92±5.2 

68.22±7.9 

0.001 

74.92±6.9 

63.51±5.2 

0.002 

 

 

 

93.98±4.7 

91.87±4.6 

0.07 

 

4.2.  Discussion 

This Analytical Case-Control study of 122 individuals 

(56 T2DM patients versus 56 healthy individuals) assessed the 

presence of abnormal lung functions and the association of 

disturbance with duration of T2DM and glycemic control. 

 

This study showed the main findings: First, there were no 

significant differences between the two groups regarding age, 

sex and BMI(p>0.05), in which approximately 60% of the 

patients were males in advanced age, and the overweight 

group represented the most frequent group. Second, disease 

duration was shorter than 10 years in approximately two-

thirds of patients with uncontrolled disease, depending on 

fasting blood glucose and HbA1C. Third, there were 

significant differences between the two groups regarding FVC 

and FEV1, in which values were lower in T2DM patients. 

Values of FVC and FEV1 were significantly lower with a 

longer duration of disease and uncontrolled T2DM depending 

on HbA1C and fasting blood glucose(p<0.05).  Finally, there 

were no significant differences between the two groups 

regarding FEV1/FVC(p>0.05). Decreased values of FVC and 

FEV1 with normal FEV1/FVC indicate the presence of 

restrictive lung disease in T2DM patients. Previous findings 

might be explained by increasing levels of systemic 

inflammatory mediators and inflammatory markers with 

microangiopathy that lead to changes in lung matrix proteins 

and disorders of pulmonary functions. These findings are 

comparable with the results of previous studies. 

 

David et al. (2011) demonstrated in a study conducted in 

the USA, which included 76 T2DM patients and compared 

with 210 healthy individuals, that patients were older (63±1 

versus 56±1) with higher BMI (34.2±1 versus 30.1±0.6). FVC 

and FEV1 were significantly lower in T2DM patients 

(75.3±0.7 versus 82.6±0.4) and (71.2±0.7 versus 83.8±0.5) 

without the presence of significant differences between the 

two groups regarding FEV1/FVC(p>0.05) [20]. Compared to 

the current study, there was an agreement that diabetes leads 

to restrictive lung disease.   

 

Hamdy et al. (2013) performed a study in Egypt that 

included 100 individuals (60 DM patients and 40 healthy 

individuals) with a mean age of 42.78±3.14 years, and females 

constituted 55% of the study population. FVC, FEV1 and 

FEV1/FVC were significantly lower in patients compared to 

controls: 1.7±0.47 versus 2.89±0.35, 2.02±0.41 versus 

3.11±0.52 and 85.1±0.1 versus 92.91±0.61 respectively. 

Pulmonary functions were reduced with increasing duration of 

disease but without significant difference (p>0.05) [21]. In 

comparison with the current study, diabetes leads to 

obstructive lung disease in the Hamdy et al. study. 

 

Shah et al. (2013) conducted a study in India that included 

60 T2DM patients and 60 healthy individuals without the 

presence of significant differences between the two groups 

regarding age and BMI. There were significant differences 

between the two groups regarding FVC and FEV1(diabetes 

versus non-diabetes); (77.97±12.99 versus 89.36±9.71) and 

(78.98±14.09 versus 88.03±6.69) respectively, without any 

difference regarding FEV1/FVC (112.83±9.53 versus 

111.36±10.62).  

 

There was no correlation between disorders of lung 

functions and both the duration of disease and glycemic 

control [22]. By comparison with the current study, there was 

an agreement that diabetes leads to restrictive lung disease but 

without correlation with disease duration and glycemic 

control. 

 

Huang et al. (2014) performed a study in India that 

included 584 individuals (292 T2DM patients and 292 healthy 

individuals) without significant differences between the two 

groups regarding age and sex. FVC, FEV1 and FEV1/FVC 

were significantly lower in patients compared to 

controls(p:0.0001). Fasting plasma glucose was associated 

negatively with FVC, FEV1 and FEV1/FVC [23]. In 

comparison with the current study, diabetes leads to 

obstructive lung disease in Huang et al. study. 

 

Shergill et al. (2017) conducted a study in India that 

included 50 T2DM patients and 50 healthy individuals and 

found the presence of significant differences between the two 

groups regarding FVC, FEV1 and FEV1/FVC(p<0.05) [24]. 

By comparison with the current study, diabetes leads to 

obstructive lung disease in Shergill et al. study in contrast to 

the current study without assessment of the correlation 

between glycemic control status and lung function. 

 

Taspinar et al. (2020) conducted a study in Turkey that 

included 58 T2DM patients and 52 healthy individuals and 
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found the presence of significant differences between the two 

groups regarding FVC and FEV1(p<0.05) without the 

presence of difference regarding FEV1/FVC(p:0.3) [25]. By 

comparison with the current study, there was an agreement 

that diabetes leads to restrictive lung disease, but the 

association between lung functions and glycemic control 

status was not elucidated in this study. 

 

5. Conclusion  
The current study demonstrated that diabetes mellitus 

causes a number of pathological alterations in pulmonary 

function of the restrictive pattern, decreasing in pulmonary 

function was associated with the duration of disease and 

glycemic control, so early detection of these changes is 

important to prevent respiratory injury.

 

 
Fig. 1  Mean values of PFTs in the studied groups (Cases and controls) 

 

References  
[1] Abdulfatai B. Olokoba, Olusegun A. Obateru, and Lateefat B. Olokoba, “Type 2 Diabetes Mellitus: A Review of Current Trends,” Oman 

Medical Journal, vol. 27, no. 4, pp. 269-273, 2012. [CrossRef] [Google Scholar] [Publisher Link] 

[2] Jay S. Skyler et al., “Differentiation of Diabetes by Pathophysiology, Natural History, and Prognosis,” American Diabetes Association, 

vol. 66, no. 2, pp. 241-255, 2017. [CrossRef] [Google Scholar] [Publisher Link] 

[3] “2. Classification and Diagnosis of Diabetes: Standards of Medical Care in Diabetes-2022,” Diabetes Care, American Diabetes 

Association, vol. 43, pp. 14-31, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[4] Ralph A. DeFronzo et al., “Type 2 Diabetes Mellitus,” Nature Reviews Disease Primers, vol. 1, 2015. [CrossRef] [Google Scholar] 

[Publisher Link] 

[5] Anthony S. Fauci et al., Harrison's Principles of Internal Medicine, 19th ed., New York: McGraw-Hill, vol. 2, no. 16, pp. 3178-3209, 

2015. [Google Scholar] [Publisher Link] 

[6] Philippe A. Halban et al., “-Cell Failure in Type 2 Diabetes: Postulated Mechanisms and Prospects for Prevention and Treatment,” The 

Journal of Clinical Endocrinology and Metabolism, vol. 99, no. 6, pp. 1983-1992, 2014. [CrossRef] [Google Scholar] [Publisher Link] 

[7] Sudesna Chatterjee, Kamlesh Khunti, and Melanie J. Davies, “Type 2 Diabetes,” The Lancet, vol. 389, pp. 2239-2251, 2017. [CrossRef] 

[Google Scholar] [Publisher Link] 

[8] Jitendra Padhye, V. Firoiu, and Don Towsley, “A Stochastic Model of TCP Reno Congestion Avoidance and Control,” University of 

Massachusetts, Technical Report, 1999. [Google Scholar] [Publisher Link] 

[9] Francesco Paneni et al., “Diabetes and Vascular Disease: Pathophysiology, Clinical Consequences, and Medical Therapy,” European 

Heart Journal, vol. 34, no. 31, pp. 2436-2443, 2013. [CrossRef] [Google Scholar] [Publisher Link] 

[10] Jessica L. Harding et al., “Global Trends in Diabetes Complications: A Review of Current Evidence,” Diabetologia, vol. 62, pp. 3-16, 

2019. [CrossRef] [Google Scholar] [Publisher Link] 

[11] Brian L. Graham et al., “Standardization of Spirometry 2019 Update, An Official American Thoracic Society and European Respiratory 

Society Technical Statement,” American Journal of Respiratory and Critical Care Medicine, vol. 200, no. 8, pp. 70-88, 2019. [CrossRef] 

[Google Scholar] [Publisher Link] 

[12] Sanja Stanojevic et al., “ERS/ATS Technical Standard on Interpretive Strategies for Routine Lung Function Tests,” European Respiratory 

Journal, vol. 60, pp. 1-32, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

 

0.0

20.0

40.0

60.0

80.0

100.0

120.0

FVC FEV1 FVC/FEV1

Case Control

https://doi.org/10.5001/omj.2012.68
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Type+2+diabetes+mellitus%3A+a+review+of+current+trends&btnG=
https://www.omjournal.org/articleDetails.aspx?coType=1&aId=259
https://doi.org/10.2337/db16-0806
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Differentiation+of+diabetes+by+pathophysiology%2C+natural+history%2C+and+prognosis&btnG=
https://diabetesjournals.org/diabetes/article/66/2/241/35290/Differentiation-of-Diabetes-by-Pathophysiology
https://doi.org/10.2337/dc20-S002
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Classification+and+diagnosis+of+diabetes%3A+Standards+of+Medical+Care+in+Diabetes&btnG=
https://diabetesjournals.org/care/article/43/Supplement_1/S14/30640/2-Classification-and-Diagnosis-of-Diabetes
https://doi.org/10.1038/nrdp.2015.19
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Type+2+diabetes+mellitus&btnG=
https://www.nature.com/articles/nrdp201519
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Harrison%27s+principles+of+internal+medicine.+19+th+edition&btnG=
https://www.google.co.in/books/edition/Harrison_s_Principles_of_Internal_Medici/wNKVBgAAQBAJ?hl=en&gbpv=0&bsq=Harrison%27s%20principles%20of%20internal%20medicine.%2019th%20edition
https://doi.org/10.1210/jc.2014-1425
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=beta+cell+failure+in+type+2+diabetes%3A+postulated+mechanisms+and+prospects+for+prevention+and+treatment&btnG=
https://academic.oup.com/jcem/article/99/6/1983/2537573
https://doi.org/10.1016/S0140-6736(17)30058-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=S.Chatterjee%2C+K.Khunti%2C+M.Davies.+Type+2+diabetes&btnG=
https://www.thelancet.com/journals/lancet/article/piiS0140-6736(17)30058-2/fulltext
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+Stochastic+Model+of+TCP+Reno+Congestion+Avoidance+and+Control&btnG=
https://dl.acm.org/doi/book/10.5555/897574
https://doi.org/10.1093/eurheartj/eht149
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Diabetes+and+vascular+disease%3A+pathophysiology%2C+clinical+consequences%2C+and+medical+therapy&btnG=
https://academic.oup.com/eurheartj/article/34/31/2436/456124
https://doi.org/10.1007/s00125-018-4711-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Global+Trends+in+Diabetes+Complications%3A+A+Review+of+Current+Evidence&btnG=
https://link.springer.com/article/10.1007/s00125-018-4711-2
https://doi.org/10.1164/rccm.201908-1590ST
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Standardization+of+spirometry+2019+update.+An+official+American+Thoracic+Society+and+European+Respiratory+Society+Technical+Statement&btnG=
https://www.atsjournals.org/doi/full/10.1164/rccm.201908-1590ST
https://doi.org/10.1183/13993003.01499-2021
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=ERS%2FATS+technical+standard+on+interpretive+strategies+for+routine+lung+function+tests&btnG=
https://erj.ersjournals.com/content/60/1/2101499.abstract


Afraa Moussa  et al. / IJMS, 10(5), 46-50, 2023 

 

50 

[13] Martin R. Miller et al., “Standardisation of Spirometry,” European Respiratory Journal, vol. 26, pp. 319-338, 2005. [CrossRef] [Google 

Scholar] [Publisher Link] 

[14] Minaxi Saini et al., “Pulmonary Pathology among Patients with Type 2 Diabetes Mellitus: An Updated Systematic Review and Meta-

Analysis,” Current Diabetes Reviews, vol. 16, no. 7, pp. 759-769, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[15] Mario Cazzola et al., “High Glucose Enhances Responsiveness of Human Airways Smooth Muscle via the Rho/ROCK Pathway,” 

American Journal of Respiratory Cell and Molecular Biology, vol. 47, no. 4, pp. 509-516, 2012. [CrossRef] [Google Scholar] [Publisher 

Link] 

[16] Samantha F. Ehrlich et al., “Patients Diagnosed with Diabetes are at Increased Risk for Asthma, Chronic Obstructive Pulmonary Disease, 

Pulmonary Fibrosis, and Pneumonia but Not Lung Cancer,” Diabetes Care, vol. 33, no. 1, pp. 55-60, 2010. [CrossRef] [Google Scholar] 

[Publisher Link] 

[17] G. Shravya Keerthi, “Role of Duration of Diabetes on Ventilator Capacities and Expiratory Flow Rate in Type 2 Diabetes Mellitus,” 

Biology Agriculture and Healthcare, vol. 2, no. 6, pp. 77-83, 2012. [Google Scholar] [Publisher Link] 

[18] Stefan Kopf et al., “Breathlessness and Restrictive Lung Disease: An Important Diabetes-Related Feature in Patients with Type 2 Diabetes 

Related Feature in Patients with Type 2 Diabetes,” Respiration, vol. 96, no. 1, pp. 29-40, 2018. [CrossRef] [Google Scholar] [Publisher 

Link] 

[19] Saeed Kolahian, Veronika Leiss, and Bernd Nürnberg, “Diabetic Lung Disease: Fact or Fiction?,” Reviews in Endocrine and Metabolic 

Disorders, vol. 20, pp. 303-319, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[20] Hans-Joachim Kabitz et al., “Diabetic Polyneuropathy is Associated with Respiratory Muscle Impairment in Type 2 Diabetes,” 

Diabetologia, vol. 51, pp. 191-197, 2018. [CrossRef] [Google Scholar] [Publisher Link] 

[21] Oana L. Klein et al., “Type II Diabetes Mellitus is Associated with Decreased Measures of Lung Function in a Clinical Setting,” 

Respiratory Medicine, vol. 105, no. 7, pp. 1095-1098, 2011. [CrossRef] [Google Scholar] [Publisher Link] 

[22] I. Amal Abd El-Azeem et al., “Pulmonary Function Changes in Diabetic Lung,” Egyptian Journal of Chest Diseases and Tuberculosis, 

vol. 62, no. 3, pp. 513-517, 2013. [CrossRef] [Google Scholar] [Publisher Link] 

[23] Swati H. Shah et al., “Pulmonary Function Tests in Type 2 Diabetes Mellitus and Their Association with Glycemic Control and Duration 

of the Disease,” Lung India, vol. 30, no. 2, pp. 108-112, 2013. [CrossRef] [Google Scholar] [Publisher Link] 

[24] H. Huang et al., “Effects of Type 2 Diabetes Mellitus on Pulmonary Function,” Experimental and Clinical Endocrinology and Diabetes, 

vol. 122, no. 6, pp. 322-326, 2014. [CrossRef] [Google Scholar] [Publisher Link] 

[25] Navkaran Shergill, and Ashok Kumar, “A Study of Pulmonary Functions in Punjabi Type 2 Diabetics and Non-Diabetics,” Journal of 

Exercise Science and Physiotherapy, vol. 13, no. 2, pp. 60-64, 2017. [CrossRef] [Google Scholar] [Publisher Link] 

[26] Ismail Okur et al., “The Effects of Type 2 Diabetes Mellitus and its Complications on Physical and Pulmonary Functions: A Case-Control 

Study,” Physiotherapy Theory and Practice, vol. 36, no. 8, pp. 916-922, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

 

 

https://doi.org/10.1183/09031936.05.00034805
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Standardisation+of+spirometry&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Standardisation+of+spirometry&btnG=
https://erj.ersjournals.com/content/26/2/319.short
https://doi.org/10.2174/1573399815666190716130324
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pulmonary+pathology+among+patients+with+type+2+diabetes+mellitus%3A+an+updated+systematic+review+and+meta-analysis&btnG=
https://www.eurekaselect.com/article/99682
https://doi.org/10.1165/rcmb.2011-0449OC
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=High+glucose+enhances+responsiveness+of+human+airways+smooth+muscle+via+the+Rho%2FROCK+pathway&btnG=
https://www.atsjournals.org/doi/10.1165/rcmb.2011-0449OC
https://www.atsjournals.org/doi/10.1165/rcmb.2011-0449OC
https://doi.org/10.2337/dc09-0880
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Patients+diagnosed+with+diabetes+are+at+increased+risk+for+asthma%2Cchronic+obstructive+pulmonary+disease%2C+pulmonary+fibrosis%2C+and+pneumonia+but+not+lung+cancer&btnG=
https://diabetesjournals.org/care/article/33/1/55/29794/Patients-Diagnosed-With-Diabetes-Are-at-Increased
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Role+of+duration+of+diabetes+on+ventilator+capacities+and+expiratory+flow+rate+in+type+2+diabetes+mellitus&btnG=
https://www.iiste.org/Journals/index.php/JBAH/article/view/2266
https://doi.org/10.1159/000488909
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Breathlessness+and+restrictive+lung+disease%3A+an+important+diabetes-related+feature+in+patients+with+type+2+diabetes+related+feature+in+patients+with+type+2+diabetes&btnG=
https://karger.com/res/article/96/1/29/294879/Breathlessness-and-Restrictive-Lung-Disease-An
https://karger.com/res/article/96/1/29/294879/Breathlessness-and-Restrictive-Lung-Disease-An
https://doi.org/10.1007/s11154-019-09516-w
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Diabetic+lung+disease%3A+fact+or+fiction%3F&btnG=
https://link.springer.com/article/10.1007/s11154-019-09516-w
https://doi.org/10.1007/s00125-007-0856-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Diabetic+polyneuropathy+is+associated+with+respiratory++muscle+impairement+in+type+2+diabetes&btnG=
https://link.springer.com/article/10.1007/s00125-007-0856-0
https://doi.org/10.1016/j.rmed.2011.03.010
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Type+II+diabetes+mellitus+is+associated+with+decreased+measures+of+lung+function+in+a+clinical+setting&btnG=
https://www.sciencedirect.com/science/article/pii/S0954611111000989
https://doi.org/10.1016/j.ejcdt.2013.07.006
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pulmonary+function+changes+in+diabetic+lung&btnG=
https://www.sciencedirect.com/science/article/pii/S0422763813001441
https://doi.org/10.4103/0970-2113.110417
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pulmonary+function+tests+in+type+2+diabetes+mellitus+and+their+association+with+glycemic+control+and+duration+of+the+disease&btnG=
https://journals.lww.com/lungindia/fulltext/2013/30020/pulmonary_function_tests_in_type_2_diabetes.4.aspx
https://doi.org/10.1055/s-0034-1372579
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effects+of+type+2+diabetes+mellitus+on+pulmonary+function&btnG=
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0034-1372579
https://doi.org/10.18376/jesp/2017/v13/i2/111285
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+study+of+pulmonary+functions+in+Punjabi+type+2+diabetics+and+non-diabetics&btnG=
https://www.efha.in/wp-content/uploads/2018/03/Full-Paper-8v2017-JESP-Vol-13-No.2.pdf
https://doi.org/10.1080/09593985.2018.1517198
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+effects+of+type+2+diabetes+mellitus+and+its+complications+on+physical+and+pulmonary+functions%3A+a+case-control+study&btnG=
https://www.tandfonline.com/doi/full/10.1080/09593985.2018.1517198

