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Comorbidities in COPD

Franssen, Frits ME, and Carolyn L. Rochester. 
"Comorbidities in patients with COPD and pulmonary 
rehabilitation: do they matter?." (2014): 131-141



Comorbidities in COPD : Cardiovascular disease

• Hypertension

• CAOD

• Heart Failure

• Pulmonary hypertension

• Peripheral vascular disease

• Cerebrovascular disease

Cardio-Pulmonary Exercise Test



CPET Case 1: M/68 , 

• CC: Exertional dyspnea

• CT chest: 
– Lobulated nodule(1.4cm) at left lower lobe posterior basal 

segment.
-- with persistent enhancement
--> DDx.)

1) early lung cancer
2) organizing pneumonia

• PFT : normal 

• Cardiac echo : Normal LV systolic function

• ECG : NSR

• Refer for the Preoperative CPET 
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• In IPF, coexisting PH further impairs diffusing capacity, exercise 
capacity and ventilatory efficiency. 

• The statistically most powerful prognosticator was the presence of 
PH assessed by right heart catheterization.  -> Invasive!!

• The clinical and prognostic consequences of PH might not 
adequately be assessed by resting PFT only.
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Ventilatory efficiency quantified 
by VE vs. VCO2 slope is the 
most reliable predictor of 
pulmonary hypertension.
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CPET Case 2 : M/72 , Idiopathic pulmonary fibrosis
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• MIP : 117 cmH2O

• MEP : 86 cmH2O

• PCF : 370 L/min



Comorbidities in COPD : Cardiovascular disease

• Hypertension

• CAOD

• Heart Failure

• Pulmonary hypertension

• Peripheral vascular disease

• Cerebrovascular disease

Vascular claudication !

Discomfort, numbness, or 
tiredness in the legs that occurs 
during walking or standing and 
is relieved by rest.



Comorbidities in COPD : Cardiovascular disease

• Hypertension
• CAOD
• Heart Failure
• Pulmonary hypertension
• Peripheral vascular disease
• Cerebrovascular disease : 

stroke, TIA

Balance problems !!

Check Romberg or TUG test at 
the OPD



Romberg’s Test 

• Stand feet together
• Eye open -> close for 20-30 sec without 

support

• + with eye open : cerebellar ataxia
• + with eye close : Impaired proprioception



Shumway-Cook A, Brauer S, Woollacott M. 
Predicting the probability for falls in 
community-dwelling older adults using 
the timed up & go test. Phys Ther. 
2000;80:896-903

Who have balance problems or extremely deconditioned ?

Timed up and Go test (TUG)  : 14 seconds !!! 

3 meters, regular pace 
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Comorbidities in COPD : Limb muscle dysfunction

17Vicious cycle of inactivity in COPD



Comorbidities in COPD : Limb muscle dysfunction

"Pulmonary Rehabilitation in Patients with an Acute Exacerbation of Chronic 
Obstructive Pulmonary Disease." Journal of Thoracic Disease (2018): S1390-S99.



Comorbidities in COPD : Limb muscle dysfunction

Morphological and structural 
alterations reported in limb 
muscles in patients with 
COPD

Maltais, François, et al. "An official American Thoracic Society/European Respiratory Society statement: update on 
limb muscle dysfunction in chronic obstructive pulmonary disease."



Relationships between muscle mass and strength and clinical outcomes 
in patients with COPD



Comorbidities in COPD : Limb muscle dysfunction



Conclusion

✓ Limb muscle dysfunction is a clinically relevant 
systemic manifestation of COPD.

✓ Limb muscle dysfunction  influences important 
clinical outcomes in COPD.

✓ Limb muscle dysfunction can be treated with 
exercise training.



Exercise prescription for limb muscle training

FITT recommendations for patients with COPD

➢ Frequency : 2-3 day/week

➢ Intensity :  60-70% of 1 RM(repetition maximum) for beginners,

Increase the weight if 3 sets can be performed easily

➢ Time : 2-4 Sets , 8-12 repetitions

➢ Type : weight machines, dumbbell, Elastic band

American College of Sports Medicine. ACSM's guidelines for 
exercise testing and prescription. Lippincott Williams & 
Wilkins, 2013.



Comorbidities in COPD : respiratory muscle dysfunction



Comorbidities in COPD : respiratory muscle dysfunction



Comorbidities in COPD : respiratory muscle dysfunction

Maximal Inspiratory Pressure and Maximal Expiratory Pressure

– A measure of the strength of respiratory muscles



Comorbidities in COPD : respiratory muscle dysfunction

In the patient with COPD, 
• Lower MIP than healthy person (25.5% lower in male, 

29.6% lower in female)

Pessoa, Isabela, et al. "Reference values for maximal inspiratory pressure: a 

systematic review." Canadian respiratory journal 21.1 (2014): 43-50.

Wijkstra, Peter J., et al. "Peak inspiratory mouth pressure in healthy subjects and 

in patients with COPD." Chest 107.3 (1995): 652-656.



Comorbidities in COPD : respiratory muscle dysfunction

Threshold PEP 

Threshold IMT 

Power Breathe

Power Breathe
Breather

IMT-PEP



Respiratory muscle exercise devices
: Threshold IMT(Inspiratory Muscle Trainer)



Effects of inspiratory muscle training on quality of life (SGRQ)

Beaumont, Marc, et al. "Effects of inspiratory muscle training in COPD patients: A systematic review 
and meta‐analysis." The clinical respiratory journal 12.7 (2018): 2178-2188.



Effects of inspiratory muscle training on exercise capacity (6MWD)



Exercise prescription for respiratory muscle training

• Conclusions and clinical implications

✓ Respiratory muscles also undergo adaptation in response to stimuli overload 

during exercise.

✓ a training frequency of 1–2 times per day for a total amount of 30 minutes, 

with a frequency of 3–5 days per week for a duration of 6 weeks has been 

suggested

✓ training loads that exceed 30% of MIP with a repetition duration dependent 

upon the load (2-minutes of breathing followed by 1 minute of rest)

✓ IMT is slightly superior to EMT (reduction in dyspnea)

32

Crisafulli, Ernesto, et al. "Respiratory muscles training in COPD 

patients." International Journal of Chronic Obstructive Pulmonary Disease 2.1 (2007): 

19.
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Comorbidities in COPD : Metabolic

• Sarcopenia : progressive loss of muscle mass and strength with a risk of 
adverse outcomes such as disability, poor quality of life and death.

• Cachexia : a multifactorial syndrome characterized by severe body 

weight, fat and muscle loss due to an underlying illness.

Ali, Sumbul, and Jose M. Garcia. "Sarcopenia, cachexia and aging: diagnosis, mechanisms and 
therapeutic options-a mini-review." Gerontology 60.4 (2014): 294-305.



Comorbidities in COPD : Metabolic

• ICU-Acquired Weakness after AECOPD

– Critical illness myopathy and/or 

polyneuropathy

• Primary sarcopenia due to aging 

process

• Secondary sarcopenia due to one or 

more other cause (COPD)

• Cachexia due to chronic illness

Secondary 

Sarcopenia

Cachexia

ICUAW 

(critical illness 

myopathy)

Muscle dysfunction in COPD



Comorbidities in COPD : Metabolic

• Osteosarcopenia : Osteopenia + Sarcopenia

• Prevalance of osteosarcopenia in community dwelling older 

people : 10~15%

• Prevalence of sarcopenia in stable COPD : 15 to 25%

• Grip Strength

• Inbody or DEXA

• 6MWT or TUG



Conclusions  

• no overall effect of vitamin D supplementation on the rate of 
moderate or severe COPD exacerbations. 

• However, subgroup analysis revealed clinically and statistically 
significant protective effects of vitamin D supplementation among 
patients with baseline circulating 25(OH)D concentrations of less than 
25nmol/L. 

• Check vit D level routinely and offering supplementation who needs! 

Jolliffe, David A., et al. "Vitamin D to prevent exacerbations of COPD: 
systematic review and meta-analysis of individual participant data 
from randomised controlled trials." Thorax 74.4 (2019): 337-345.



Comorbidities in COPD : Nutrition

Q.   뭘 먹으면 좋나요?

A. 단백질이 중요합니다. 한 끼에 적어도 30g의 단백질을 섭취해야 하고
두부 반모, 삼겹살 0.9인분 오징어 반마리, 달걀 5개에 해당합니다. 영
양보조제로는 류신이 많이 함유된 제품을 드시면 근육 강화에 도움이
됩니다. 
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Leucine, HMB



Case Review : F/74 

• Diagnosis 

r/o COPD (FEV1 57%), Diaphragmatic eventration, 

right

➢ 6MWT : 378meters (76%) with exercise induced 

desaturation (O2 nadir 88%)

➢ Peak Cough Flow : 225 L/min

➢ MIP : 36 cmH2O (68%)

➢ MEP : 70 cmH2O

➢ Grip test (Rt./Lt.) : 29 /23kg (>18)

➢ Muscle mass : 7.58 ( > 5.14 appendicular skeletal 

muscle mass/Ht2)

Fluoroscopic diaphragm 

movement test 

Right (cm) Left (cm)

supine (rest/forced) <0.5/<0.5 4.0/5.0
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Effect of Oxygen supplementation

Prescription of long term O2 for stable COPD patients

PaO2 < 55mmHg or SaO2 < 88% 

Or

60 > PaO2 >55mmHg with pul. HTN or CHF, 

polycythemia (Hct >55%)

Prescribe supplemental oxygen and 

titrate to keep SaO2 ≥ 90%

Recheck in 60 to 90 days to assess : 

If oxygen is still indicated 

If prescribed supplemental oxygen is effective

2019 GOLD COPD guideline 



Effect of Oxygen supplementation

2019 GOLD COPD guideline 

2017 GOLD COPD guideline 



Effect of Oxygen supplementation

• Stable COPD의 경우 보통 휴식 시 Normoxemia

• Exercise-induced desaturation (EID) : 

• drop in SpO2 <90% or 88%

• FEV1, DLCO, resting SpO2 중 예측인자는??

Respiration 2012;84:353–359



Effect of Oxygen supplementation

Respiration 2012;84:353–359

GOLD I,II

GOLD III,IV

• FEV1 이 EID의 유일한 예측인자! 

• FEV1 이 50%미만일 경우 운동 중
저산소증의 발생가능성은 50%



• 124 patients with COPD 

– 34 patients with resting hypoxemia (HYX)

– 43 patients with exercise-induced hypoxemia (EIH)

– 31 patients with normoxemia (NOX).

• via standard nasal prongs (2 L/min)

• patients with HYX and EIH generally benefit from supplemental oxygen by 
increasing exercise capacity. However, less than one-half of patients reached the 
threshold of clinically relevant improvements(≥ 30 meters)

https://www.sciencedirect.com/topics/medicine-and-dentistry/hypoxemia


Alison, Jennifer A., et al. "Oxygen compared to air during exercise 
training in COPD with exercise-induced desaturation." European 
Respiratory Journal (2019): 1802429.

• People with COPD who demonstrated oxygen desaturation <90%  : 111 
participants

• Multi center randomization 
• Oxygen group vs. room air group (5L/min)
• Exercise for 8 weeks
• Endurance shuttle walk test, CRQ-total score

• Exercise capacity and health-related quality of life improved in both 
groups, with no greater benefit from training with supplemental 
oxygen than medical air



Ries, Andrew L., et al. "Pulmonary rehabilitation: joint 
ACCP/AACVPR evidence-based clinical practice 
guidelines." Chest 131.5 (2007): 4S-42S.



• 치료실에서의 산소공급 방법

O2 tank 가정용 산소발생기 휴대용 산소발생기

장점 ✓강하고 정확한 유량 ✓중간 정도 강한 유량
✓충전이 필요 없음

✓휴대 쉬움

단점 ✓이동 시 불편함
✓산소충전필요

✓이동 시 불편
✓전원 공급 필요
✓실제유량보다 약함

(1-5L/min)

✓비연속형 저유량 공급
✓배터리 충전 필요
✓실제유량보다 약함

(1-3L/min)

적응증 ✓강한 산소공급 필요한
중증환자

✓Reserve bag mask 사
용시 (5L/min이상)

✓Home Ex. program ✓Home Ex. program 
✓활동적인 운동 시
✓중증 환자 외출 시

Effect of Oxygen supplementation



Barriers to uptake 

• Travel and transport

• Lack of perceived benefit of PR

Barriers to completion

• A current smoker

• Depression

A positive approach by 

doctors and social support 

could increase the level of 

adherence to PR !



Clinical tips 

• Low Adherence  

1. Perceived benefit of PR (Check MIP and MEP and grip strength)

2. Set a specific training time of the day (while watching TV)

3. Use a variety of educational materials (Leaflet, video clip, exercise diary)

4. Use fitness video game device
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