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Abstract 
Introduction: Chronic obstructive pulmonary disease (COPD) is a leading cause of death worldwide. Due to shared risk factors, 
particularly cigarette smoking, patients with COPD are at increased risk of developing cardiovascular disease. In patients with 
known COPD, peripheral artery disease (PAD) is more prevalent than in age-matched patients without COPD.  
Material and Methods: This was a Cross-sectional study conducted at Department of Physiology, Santosh Medical College 
diagnosed with COPD using Spirometry was recruited for the study with a Sample size of 130 patients. Patient with history suggestive 
of COPD was screened with spirometry for diagnosis of COPD as per GOLD criteria of COPD. Detailed history of risk factors of 
development of COPD was taken along with the detailed history of risk factors of development of Peripheral artery diseases. Detailed 
examination with special emphasis on peripheral pulse, respiratory and cardiovascular system was carried out. Spirometry was done in 
all patients including pre-and post-bronchodilator after 200 mcg of salbutamol inhalation by Metered Dose inhaler (MDI). All subjects 
shall undergo peripheral artery Doppler with vascular Doppler Probe and Ankle brachial index (ABI) was calculated.  
Results: In total, 130 in patients aged ≥18 years with PAD were treated. Patients' characteristics – comparison of PAD patients 
with and without COPD among the PAD patients, overall, 37 PAD patients were diagnosed with COPD (28.4%) and 93 (71.5%) 
without. Briefly summarized, PAD patients with COPD were of similar age (51.73 years) and stayed longer in hospital (9 (5–
17) vs. 8 (4–15) days) compared to those without COPD. Remarkably, PAD patients with COPD showed   more   frequently 
lower PAD stages than those without COPD. Especially, PAD stage IV was more prevalent in PAD patients without COPD 
(19.35% vs. 13.51%, P < 0.001).  
Conclusion: Although PAD has an equal or even worse prognosis than CAD, it received less attention than CAD in the 
awareness of the general population and physicians.  
 
Keywords: Peripheral Artery Disease, Chronic Obstructive Pulmonary Disease, Major Adverse Cardiovascular Events. 
 
Introduction 

Chronic obstructive pulmonary disease (COPD) is a leading cause of death worldwide. [1] Due to shared risk factors, 
particularly cigarette smoking, patients with COPD are at increased risk of developing cardiovascular disease. [2] In patients with 
known COPD, peripheral artery disease (PAD) is more prevalent than in age-matched patients without COPD, affecting 8.8% of 
a cohort of patients with COPD with a mean age of 65 compared with 1.8% of those without COPD. [3] In prospective studies 
of patients with COPD, a diagnosis of PAD was associated with lower exercise tolerance, a higher incidence of major adverse 
cardiovascular events (MACE), and higher all-cause mortality. [4] 
 

In contrast, the prevalence of COPD among patients with PAD, as well as the added risk of MACE, major adverse limb 
events (MALE), and respiratory events associated with COPD, are less well defined. Understanding the additional burden 
associated with COPD concomitant with PAD has both clinical and research implications, including understanding the increased 
cardiovascular and limb risk, as well as adherence to medications, that may improve trial planning and patient management in this 
population. [5]   
 
Material and Methods 

This was a Cross-sectional study conducted at Department of Physiology, Santosh Medical College diagnosed with COPD 
using Spirometry was recruited for the study with a Sample size of 130 patients. 
 
Inclusion criteria  

1. Male subjects aged 40-80 years.  
2. Construction workers.    
3. Ability to comply with the requirements of the protocol and be available for study visits. 
4. Willing to participate in the study.  
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Exclusion criteria  
1. Subjects aged < 40 and >80 years.  
2. Except COPD other pulmonary diseases such as Bronchial asthma, asthma- COPD overlap, Interstitial lung disease, 

bronchiectasis, cystic fibrosis, lung tumor, pulmonary TB, Pneumonia, etc.  
3. Any acute peripheral artery diseases i.e., thromboembolic peripheral artery disease.  

  
Anthropometric  
             The following parameters was assessed from each subject: Height, Weight, BMI, neck circumference, waist circumference 
(WC), hip circumference. 
 
Spirometry 

Patient with history suggestive of COPD was screened with spirometry for diagnosis of COPD as per GOLD criteria of 
COPD. Detailed history of risk factors of development of COPD was taken along with the detailed history of risk factors of 
development of Peripheral artery diseases. Detailed examination with special emphasis on peripheral pulse, respiratory and 
cardiovascular system was carried out. Spirometry was done in all patients including pre-and post-bronchodilator after 200 mcg of 
salbutamol inhalation by Metered Dose inhaler (MDI). All subjects shall undergo peripheral artery Doppler with vascular Doppler 
Probe and Ankle brachial index (ABI) was calculated.  
 

Clinically PAD was classified according to classification introduced by Robert B. Rutherford in 1986 and revised in 1997.  
 

 Grade 0,  Category 0 = No symptoms.  
 Grade I,  Category 1 = Mild claudication.  
 Grade I, Category 2= Moderate claudication.  
 Grade I, Category 3= Severe claudication.  
 Grade II, Category 4= Rest pain.  
 Grade III, Category 5= Minor tissue loss; Ischemic ulceration not exceeding ulcer of the digits of the foot.  
 Grade IV, Category 6= Major tissue loss; severe ischemic ulcers or frank gangrene. 

 
The interpretation of flow–volume curves  

A normal trace was had a rapid rise to maximal expiratory flow and then an almost linear, uniform decline in flow until all 
the air was expelled–the point of intersection with the X-axis was the FVC. In airflow obstruction, there was a concave dip in the 
second part of the curve which were become more marked with increasing obstruction. These were seen in COPD and asthma and any 
other disease-causing airflow obstruction. In more severe emphysema where loss of airway elasticity causes the airways to collapse 
when forced exhalation occurs (dynamic compression), there was characteristic sudden fall in flow after maximal expiratory flow was 
reached–the “steeple” pattern. In restrictive lung abnormalities, the shape of the flow–volume curve was normal but there was a 
reduction in lung volume which moves the FVC point to the left compared with the predicted curve. 
 
Measuring FEV1, FVC, and Flow–Volume Curves  

Attach a clean, disposable, one-way mouthpiece to the spirometer. Instruct the patient to breathe in fully until the lungs feel 
full. The patient should hold their breath long enough to seal their lips tightly around the mouthpiece. Blast the air out as forcibly and 
fast as possible until there was no more air left to expel. Repeat the procedure at least twice until three acceptable and repeatable 
blows were obtained. There should be three readings, of which the best two were within 150 mL or 5% of each other and best. The 
numbers appear as a table of actual and predicted figures together with volume–time and flow–volume traces.  
 

Spirometers with real-time traces and printouts were preferred as they provide helpful information about the quality and 
acceptability of the blows. 
 
Assessment of the ankle brachial pressure index (ABI)  

Explain the procedure and reassure the patient and ensure that he/she was lying flat and comfortable, relaxed and adequately 
rested with no pressure on the proximal vessels.  
 
Measure the brachial systolic blood pressure: Place an appropriately sized cuff around the upper arm. Locate the brachial pulse and 
apply ultrasound contact gel. Angle the Doppler probe at 45o and move the probe to obtain the best signal. Inflate the cuff until the 
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signal was abolished then deflate the cuff slowly and record the pressure at which the signal returns being careful not to move the 
probe from the line of the artery. Repeat the procedure for the other arm. Use the highest of the two values as the best non-invasive 
estimate of central systolic pressure and use this figure to calculate the ABI 
 
Measure the ankle systolic pressure: Place an appropriately sized cuff around the ankle immediately above the malleoli having first 
protected any ulcer or fragile skin that may be present. Examine the foot, locating the dorsalis pedis pulse and apply contact gel. 
Continue as for the brachial pressure, recording this pressure in the same way again with equipment at heart level. Calculate the ABI 
for each leg using the formula below or look up the ABI using a reference chart. 
 
 
ABPI =     Highest pressure recorded at the ankle for that leg  

   Highest brachial pressure obtained for both arms 
 
 ABPI normally > 1.0 (Range 0.9 - 1.3) ABPI < 0.92 indicates arterial disease. 
 ABPI > 0.5 and < 0.9 can be associated with claudication and if symptoms warrant a patient should be referred for further 

assessment.  
 ABPI <0.5 indicates severe arterial disease and may be associated with gangrene, is chaemic ulceration or rest pain and 

warrants urgent referral for a vascular opinion. 
 
Statistical analysis 

To study population characteristics the Chi-squared test and the independent sample t-test were used to test differences 
between individuals with or without COPD. We determined the association between baseline COPD and the development of PAD 
(assessed during a follow-up visit), using logistic regression after exclusion of individuals with prevalent PAD at baseline. For the 
association between COPD and newly diagnosed PAD, we adjusted for covariables that were considered risk factors for 
atherosclerosis and cardiovascular disease. The following potential confounders were considered: age, sex, smoking status, smoking 
duration in pack-years, BMI, hypertension, ethnicity and diabetes mellitus.  
 
Results 

In total, 130 in patients aged ≥18 years with PAD were treated. Patients' characteristics – comparison of PAD patients 
with and without COPD among the PAD patients, overall, 37 PAD patients were diagnosed with COPD (28.4%) and 93 (71.5%) 
without. The patients' characteristics of the two groups are shown in Table 1. Briefly summarized, PAD patients with COPD 
were of similar age (51.73 years) and stayed longer in hospital (9 (5–17) vs. 8 (4–15) days) compared to those without COPD. 
 
Table 1: Baseline characteristics, PAD stages, medical history and presentation of the 130 PAD patients aged ≥18  
               years stratified according presence of COPD. 

Parameters 
PAD patients without 
COPD (n=93; 71.5%) 

PAD patients 
with COPD  
(n=37; 28.4%) 

P-Value 

 
Age  > 70  years 55 (59.2%) 22 (62.16%) <0.001 
PAD stages    
Asymptomatic PAD stage (PAD stage I 
according to Fontaine classification) 17 (18.2%) 10 (27.02%) <0.001 
Intermittent claudication (claudication  
when walking a distance of greater than 200 m) 31 (33.3%) 13 (35.13%) <0.001 
(PAD stage II an according to  
Fontaine classification)    
Intermittent claudication (claudication 
when walking a distance of less than 200 m) 13 (13.9%) 5 (13.51%) <0.001 
(PAD stage II b according to 
Fontaine classification)    
PAD pain at rest (PAD stage III according 
to Fontaine classification) 14 (15.05%) 4 (10.81%) <0.001 
PAD ulcera/necrosis/gangrene (PAD 
stage IV according to Fontaine classification) 18 (19.35%) 5 (13.51%) <0.001 
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Although PAD patients without COPD revealed more often cardiovascular risk factors like essential arterial 

hypertension and diabetes, prevalence of cardiovascular diseases such as CAD and HF were more often found in PAD 
patients with COPD (Table 1). Remarkably, PAD patients with COPD showed   more   frequently lower PAD stages than those 
without COPD. Especially, PAD stage IV was more prevalent in PAD patients without COPD (19.35% vs. 13.51%, P < 
0.001) (Table 1). 
 
Table 2: In-hospital outcomes/complications of the 130 PAD patients aged ≥18 years stratified according presence of COPD. 

Parameters 
PAD patients without 
COPD (n=93; 71.5%) 

PAD patients with 
COPD (n=37; 28.4%) 

P-Value 

Deep venous thrombosis 
or thrombophlebitis 1 (1.07%) 0.4 (1.08%) 0.03 
Pulmonary embolism 0.4 (0.4%) 0.3 (0.8%) <0.001 
Shock 2 (2.15%) 0.7 (1.8%) <0.001 
All cause in-hospital death 4 (4.3%) 3 (8.1%) <0.001 
Cardio-pulmonary resuscitation 1 (1.07%) 0.5 (1.35%) <0.001 
Myocardial infarction 3 (3.2%) 2 (5.4%) <0.001 
Stroke 2 (2.15%) 1 (2.7%) <0.001 
Transfusion of blood constituents 12 (12.9%) 6 (16.2%) <0.001 
Amputation 8 (8.6%) 2 (5.4%) <0.001 
Major amputation 3 (3.2%) 1 (2.7%) <0.001 
Minor amputation 5 (5.3%) 1.5 (4.05%) <0.001 

 
Study outcomes and acute conditions during in-hospital stay in both groups The all-cause in-hospital mortality was 

significantly higher in PAD patients with COPD compared to those without COPD (8.1% vs. 4.3%, P < 0.001) (Table 2). 
Cardiovascular events comprising PE, DVT and MI occurred more often in co prevalence with PAD and COPD than in PAD 
without COPD. Amputations were more often performed in PAD patients without COPD (Table 2). 
 
Table 3: Impact of COPD on the in-hospital mortality (univariate logistic regression model) in different age groups in  
               PAD patients. 

Age groups   OR (95% CI) P-value 
18–39 years   0.73 (0.19–3.21) 0.753 
40–59 years   1.98 (1.94–2.09) <0.001 
60–79 years 1.58 (1.67–1.69 <0.001 
≥80 years   1.23 (1.24–1.36) <0.001 

 
Discussion 

Although PAD has an equal or even worse prognosis than CAD, it received less attention than CAD in the awareness 
of the general population and physicians [6]. Studies in PAD suggested that COPD as a co morbidity in PAD patients is 
accompanied by underweight, diseases and increased mortality [7], but the extent of the influence of COPD on the 
outcomes in PAD patients remained unknown. Thus, we aimed to investigate the impact of COPD on the in-hospital 
outcomes in PAD patients in the large nationwide sample of Indian with more than million hospitalized patients. 

 
PAD affects approximately 15% of the US population and increases with inclining age [8]. It is associated to 

cardiovascular risk factors and cardiovascular diseases and goes along with their acute complications [9] and a significant 
mortality [10]. It is well known that the predominant causes of the mortality in PAD patients are life-threatening 
cardiovascular events [11]. Our data suggest that COPD increased the in-hospital mortality of PAD patients by the factor 
1.2- fold. Unexpectedly, this increase was not driven by MI as the life-threatening acute presentation of CAD, but rather 
related to an increased risk for PE and a higher co-prevalence of diseases. Nevertheless, PE and MI as well as cancer were 
important causes of in-hospital death in PAD patients with and without COPD. 

Cigarette smoking is an important risk factor for both PAD [12] and overall mortality accompanied by the five major 
causes of death (lung cancer, COPD, CAD/MI, other heart disease, and stroke) [13]. Each cigarette smoked reduces life 



 
Cover Page 

  

  
 
DOI: http://ijmer.in.doi./2021/10.07.56 

            

 

ISSN:2277-7881; IMPACT FACTOR :7.816(2021); IC VALUE:5.16; ISI VALUE:2.286 
Peer Reviewed and Refereed Journal: VOLUME:10, ISSUE:7(3), July: 2021 

Online Copy of Article Publication Available: www.ijmer.in 
Digital certificate of publication: http://ijmer.in/pdf/e-Certificate%20of%20Publication-IJMER.pdf 

Scopus Review ID: A2B96D3ACF3FEA2A 
Article Received: 4th July  

 Publication Date:30th July 2021 

 

 
89 

 

expectancy by approximately 11 min [14]. In PAD patients with COPD, cancer seems to play an important role for in-
hospital mortality. Lung cancer and COPD may be different aspects of the same disease, with the same underlying 
predispositions [15] and COPD increases the risk to develop a lung cancer [16]. Although we were not able to evaluate the 
impact of tobacco itself due to expected under-coding and under-reporting in the German sample, COPD may be of stronger 
influence on survival than tobacco itself. 

 
COPD is a progressive and fatal deterioration of lung function over time and was the third most common cause of 

death worldwide in 2010 [17]. It is accompanied by accelerated lung aging and increased inflammation particular locally in 
the lungs due to inhaled substances, such as cigarette smoke and air pollutants [18]. 

 
Infections and inflammatory diseases might be the link between COPD and venous thromboembolism, which is 

increasingly recognized, but also smoking itself could induce   systemic inflammation [19]. A growing bo d y of evidence 
suggests that COPD is a risk factor for the development of PE [20]. Remarkably, in a relevant proportion of patients 
presenting with symptoms of an exacerbation of COPD, the underlying condition is an acute   PE and prevalence of PE in ex-
acerbated COPD is high, but frequently under-diagnosed [21]. Studies revealed that the risk for PE increased with a higher 
stage of COPD [22]. In our study the risk for PE was 1.4-fold increased by COPD. In addition, the higher OR for PE as a 
predictor for in-hospital death in PAD patients without concomitant COPD compared to those PAD patients with COPD 
might contribute to the assumption that the awareness for PE events in patients with COPD should be increased, because acute 
PE events in COPD patients might be misinterpreted as acute exacerbations of COPD. 

 
The risk of amputation depends primarily on the severity of ischemia, but also on the presence of diabetes, wounds 

and infections. Diabetes and PAD cause 54% of the non-traumatic amputations. Although diabetes mellitus and PAD are two 
separate diseases, all patients with diabetes will develop some level of PAD over time [23]. In our study PAD patients without 
COPD showed both higher stages of PAD and a higher prevalence of diabetes resulting consequently in a higher risk for 
amputation. Early recognition of tissue loss and especially referral to a vascular specialist is mandatory to improve the limb 
salvage [24]. 

 
The clinical implications of our study results comprise the following: I) PAD patients with long-standing tobacco use 

might benefit for COPD screening and treatment. II) PAD patients with additional COPD should be monitored more 
intensively and the treatment for COPD should be optimized. III) COPD increases the risk for PE and it is critical not to 
overlook this life- threaten ing  disease. IV) MI and PE are important causes of in-hospital death in PAD patients with and 
without COPD. 
 
Conclusions 
COPD was associated with high in-hospital mortality in PAD patients, which might be driven by a higher number of PAD. 
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