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Abstract

 It is known that exercise capacity in patients with COPD is reduced. Also, anemia can reduce exercise 

capacity. However, there was no evidence of the reduction of exercise capacity in anemic COPD patients. The 

aim of this study was to compare the six-minute walk distance (6MWD), the heart rate, and the oxygen saturation 

immediately after the test (HRim and SpO2im) among the normal subjects and the COPD patients with and without 

anemia during six-minute walk test (6MWT). Fifty one sedentary elderly subjects were recruited into this study. Thirty 

four subjects were diagnosed as COPD. According to their hemoglobin level, they were divided into two groups: the 

anemic group and the non-anemic group (11.58 ± 0.72 g/dL vs. 13.21 ± 1.00 g/dL; p<0.05). Thirty five apparently 

healthy subjects were used as the control group. The spirometry maneuvers and the 6MWT were performed in all 

subjects. Additionally, blood samples were collected to identify their hemoglobin level. The lowest hemoglobin level 

was found in the anemic group compared with the non-anemic and the control group (11.58 ± 0.72 g/dL vs. 13.21  

± 1.00 g/dL vs. 13.08 ± 0.32 g/dL). The shortest 6MWD was statistically showed in the anemic group compared with 

the non-anemic and the control group (300.12 ± 88.55 m. vs. 390.12 ± 50.75 m. vs. 470.35 ± 43.10 m; p< 0.05). 

The SpO2im in the anemic group was statically significant difference among the groups (84.82 ± 6.69% vs. 90.06 

± 7.11% vs. 96.65 ± 2.62%; p< 0.05). However, the HRim was not different among the groups. Also, moderate to 

very severe COPD patients with anemia have reduced 6MWD.
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บทคดัย่อ

	 โรคปอดอุดกัน้เรือ้รงั	 และภาวะโลหติจางมผีลท�าใหค้วามสามารถในการออกก�าลงักายลดลง	 แต่ยงัไมม่กีารศกึษา

ถงึความสามารถในการออกก�าลงักายในผูป้ว่ยโรคปอดอุดกัน้เรือ้รงัทีม่ภีาวะโลหติจาง	 การศกึษาครัง้น้ีมวีตัถุประสงคเ์พือ่

เปรยีบเทยีบระยะทางทีเ่ดนิไดใ้นการทดสอบดว้ยการเดนิ	6	นาท	ีอตัราการเตน้ของหวัใจ	และ	ความอิม่ตวัของออกซเิจนใน

เมด็เลอืดแดง	ในทนัททีีเ่สรจ็สิน้การทดสอบ	ในกลุม่คนปกตแิละผูป้ว่ยโรคปอดอุดกัน้เรือ้รงัทีม่แีละไมม่ภีาวะโลหติจาง	วธิกีาร

ทดลอง		ผูเ้ขา้รว่มการศกึษาทัง้หมดมจี�านวน	100	คน	โดยแบง่ออกเป็นผูป้ว่ยโรคปอดอุดกัน้เรือ้รงั	ระดบัปานกลางถงึรนุแรง	

จ�านวน	75	คน	ซึง่แบง่ออกเป็นสองกลุม่	คอื	กลุม่ทีม่ภีาวะโลหติจาง	จ�านวน	30	คน	และไมม่ภีาวะโลหติจางจ�านวน	35	คน	 

และมคีนปกตจิ�านวน	 35	 คน	 เป็นกลุม่ควบคมุ	 การทดสอบ	 ประกอบดว้ย	 การเจาะเลอืด	 การวดัสมรรถภาพปอด	 และ 

การทดสอบดว้ยการเดนิ		6	นาท	ี	ผลการทดลองพบว่าผูป้่วยโรคปอดอุดกัน้เรือ้รงัทีม่ภีาวะโลหติจาง	มรีะดบัฮโีมโกลบนิต�่า

กวา่กลุม่อืน่	(11.58	±	0.72	vs.	13.21	±	1.00	vs.	13.08	±	0.32	g/dL)	กรมั/เดซลิติร)	พบวา่	ผูป้ว่ยโรคปอดอุดกัน้เรือ้รงัทีม่ภีาวะ

โลหติจาง	มคีา่ระยะทางทีเ่ดนิไดภ้ายใน	6	นาท	ี น้อยทีส่ดุเมือ่เทยีบกบักลุม่อืน่	อยา่งมนียัส�าคญัทางสถติ	ิ (300.12	±	88.55	

vs.	390.12	±	50.75	vs.	470.35	±	43.10	เมตร;	p<	0.05)	และ	พบวา่ความอิม่ตวัของออกซเิจนในเมด็เลอืดแดง	มคีา่ต�่าทีส่ดุ

ในผูป้ว่ยโรคปอดอุดกัน้เรือ้รงัทีม่ภีาวะโลหติจาง		อยา่งมนียัส�าคญัทางสถติ	ิ(84.82	±	6.69%	vs.	90.06	±	7.11%	vs.	96.65	 

±	2.62%;	p<	0.05)	แต่อตัราการเตน้ของหวัใจหลงัการทดสอบทนัท	ีของทัง้สามกลุม่ไมม่คีวามแตกต่างกนัอยา่งมนียัส�าคญั

ทางสถติ	ิ		สรปุไดว้า่ภาวะโลหติจางในผูป้ว่ยโรคปอดอุดกัน้เรือ้รงั	เป็นสาเหตุท�าใหผู้ป้ว่ยโรคปอดอุดกัน้เรือ้รงั	ระดบัปานกลาง 

ถงึรนุแรงมคีวามสามารถในการเดนิ	6	นาทลีดลง	

วารสารเทคนิคการแพทยเ์ชยีงใหม ่2558; 48(1): 67-74

ค�ำส�ำคญั:	โรคปอดอุดกัน้เรือ้รงั	ภาวะโลหติจาง	การทดสอบดว้ยการเดนิ	6	นาที

	 Chronic	obstructive	pulmonary	disease	 (COPD)	

is	characterized	by	airflow	limitation	and	inflammation	of	

the	airways	and	the	lungs.1	The	clinical	manifestations	in	

COPD	are	 chronic	 cough,	 sputum	production,	 dyspnea,	

exercise	 intolerance,	 deconditioning,	 and	 decreased	 

quality	 of	 life.2	 COPD	 has	 diverse	 effects,	 including	 

respiratory	and	peripheral	muscle	weakness,	weight	loss,	

impaired	cardiovascular	system,	and	abnormalities	of	the	

autonomic	nervous	system.3 

	 Anemia	 is	a	common	condition	associated	with	

chronic	 diseases	 such	 as	 chronic	 heart	 failure	 (CHF),	

chronic	kidney	disease	(CKD),	cancer,	rheumatoid	arthritis 

(RA),	 and	 COPD.4,5	 The	 clinical	 symptoms	 of	 anemia	

in	 chronic	 diseases	 are	 weakness,	 fatigue,	 cachexia,	 

impaired	 nutrition,	 and	 exercise	 intolerance.6	 Previous	

studies	have	shown	that	proinflammatory	cytokines	such	

as	tumor	necrosis	factor-alpha	(TNF-α),	interleukin	6	(IL-6),	
interleukin	8	(IL-8),	and	C-reactive	protein	(CRP)	are	increased	

in	patients	with	COPD,	similar	to	the	mechanisms

Introduction
of	anemia.2,3	Other	studies	have	suggested	 that	anemia	

contributes	to	exercise	intolerance	and	dyspnea	in	chronic	

diseases.7,8	Additionally,	the	anemia	in	COPD	contributes	 

to	 increased	 mortality,	 decreased	 gas	 exchange	 and	 

hemodynamic,	abnormal	breathing,	and	skeletal	muscle 

dysfunction.9	Therefore,	the	anemia	associated	with	COPD	 

may	further	reduce	exercise	capacity	in	COPD	patients.

	 The	six-minute	walk	test	(6MWT)	is	a	valid	and	

reliable	 tool	 for	 the	evaluation	of	 the	pulmonary,	cardio-

vascular,	and	musculoskeletal	systems	during	exercise	in	

chronic	diseases	patients,	 including	 those	with	COPD.10	

This	 test	 can	 indirectly	 determine	 the	 exercise	 capacity	

in	moderate	to	severe	COPD	patients,	and	yields	similar 

values	 of	 peak	 oxygen	 consumption	 (VO
2
)	 to	 the	 

incremental	 exercise	 test.11	 The	 six-minute	 walking	 

distance	(6MWD)	was	used	to	assess	exercise	capacity.10	 

The	6MWD,	heart	rate,	and	oxygen	saturation	immediately	 

after	6MWT	(HRim	and	SpO2im,	respectively)	have	been	

used	as	predictors	of	the	prognosis	in	moderate	to	severe	

COPD	patients	.10,12-13		A	study	with	CHF	and	CKD
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patients	 reported	 that	 anemia	was	 the	main	 factor	 that	

decreased	 exercise	 capacity	 as	 indicated	 by	 reduction	

in	6MWD.7,9,14	However,	a	study	of	exercise	capacity	in	 

anemic	 COPD	 patients	 were	 limited	 and	 small	 sample	

size.15	 Therefore,	 the	 present	 research	 was	 aimed	 to	 

evaluate	the	exercise	capacity	in	COPD	patients	with	and	

without	anemia,	by	using	the	6MWT.

Materials and methods

1.  Subjects

	 The	 study	 tentatively	 included	 35	 normal	 

subjects,	30	COPD	patients	with	anemia,	and	35	COPD	

patients	 without	 anemia	 from	 the	 internal	 medicine	 

outpatient	 clinic,	 Maharajnakorn	 Chiang	 Mai	 Hospital,	

Chiang	Mai	University	and	Mae	Jun	Hospital,	Chiang	Rai.	

Both	male	and	female	COPD	patients	were	recruited	and	

all	 clinically	 stabled,	 without	 any	 change	 in	 medication	

during	the	previous	three	weeks.	They	were	classified	as	

stage	II-IV	according	to	GOLD	COPD	guideline.1	Anemia	

was	defined	as	hemoglobin	concentration	below	12	g/dl	in	

women	and	13	g/dl	in	men.	All	subjects	were	matched	in	

age,	weight,	height,	and	gender.

	 The	patients	were	excluded	from	this	study	if	they	 

	 1)		required	oxygen	therapy,	

	 2)	 used	 medicat ion	 affect ing	 exercise

performance	such	as	β-blocker,	

	 3)		had	conditions	that	limited	exercise:	heart	 

diseases,	hypertension,	diabetes	mellitus,	musculoskeletal	

disorder,	and	neurological	diseases,	

	 4)		did	not	understand	verbal	communication,	

	 5)		had	 impaired	 vision	 and	 hearing	 after	 

correction,	or	

	 6)		had	known	vitamin	B12	or	folic	acid	deficiency.
 

 2.  Procedures

	 Prior	 to	 the	 study,	 written	 informed	 consents	

were	obtained	and	questionnaires	were	 filled	out.	Blood	

sample	 test,	 the	spirometric	maneuvers,	and	 the	6MWT	

were	 performed	 on	 all	 subjects.	 All	 the	 tests	 were	 

completed	in	one	session.	The	data	collection	was	begun	

in	the	morning	and	the	subjects	were	asked	to	not	to	have	

alcohol,	caffeine,	or	perform	any	vigorous	exercise	within	

2	hours	before	the	test.

	 The	 subjects	 came	 to	 the	 laboratory	 in	 the	 

morning,	and	demographic	data	such	as	age,	weight,	and	 

height	were	measured.	After	resting	for	5	minutes,	blood	

pressure	 and	 heart	 rate	 were	 recorded	 and	 the	 testing	

procedures	were	explained	to	the	subjects.

	 Then,	 the	 5	 milliliter	 peripheral	 venous	 blood	

sample	was	collected.	According	to	WHO	guidelines,	the	

standard	 hemoglobin	 test	 was	 performed.16	 This	 result	

was	used	to	identify	individuals’	anemic	condition.		Then,	

the	FVC,	FEV
1
,	and	FEV

1
/FVC	were	measured	with	 the	

standard	spirometry	maneuvers	according	to	the	ATS	 

guideline.17	The	 results	of	 these	 tests	were	used	 to	 

confirm	the	inclusion	criteria.

 Finally, the standardized 6MWT was performed.10 

Subjects were asked to walk from the starting point to 

the end point. They were asked to cover as much as  

distance as possible in 6 minutes. The subjects walked as 

fast as possible but running was prohibited. All subjects 

were permitted to slow down, to stop, or to rest as needed 

during the test. The same verbal encouragement “do 

your best” at the start of each minute was provided 

to all subjects. If the subjects took a rest, the verbal  

encouragement “begin walking as soon as you feel able” 

was given. Before and immediately after the test, the 

heart rate, the blood pressure, the oxygen saturation, the  

dyspnea scale, and the fatigue perception were recorded. 

In addition, the total walking distance covered in 6 minutes 

was recorded after the test. The second trial of 6MWT 

was repeated after 30 minutes rest, or after the heart rate 

returned to baseline. The best results of the 6MWT were 

used for further analysis.

 The test was terminated if the subjects

experienced chest pain, intolerance dyspnea, leg cramps,  

staggering, diaphoresis, and pale or ashen appearance.

3.  Statistical analysis

 Data was reported as mean ± SD. The significant 

level at 0.05 was selected. The descriptive statistics were 

used for demographic data, spirometry results, heart rate, 

oxygen saturation, and 6MWD. One way ANOVA was  

used to compare the differences among the normal  

subjects, COPD patients with anemia, and without anemia.
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 One hundred sedentary elderly subjects were  

recruited into this study. Sixty five subjects were diagnosed 

as COPD. According to their hemoglobin level, they were 

divided into two groups: the anemic group (n=30) and the 

non-anemic group (n=35) (11.58 ± 0.72 g/dL vs. 13.21  

Results ± 1.00 g/dL; p<0.05). Thirty five apparently healthy subjects 

were used as the control group. Their demographic data  

were showed in Table 1. There were no statistically  

significant differences in age, weight, height, and BMI 

among the three groups. The smoking period was over 

45 years in both the anemic and the non-anemic group 

(51.43 ± 5.56 yrs and 50.76 ± 4.65 yrs, respectively).

Variables Control group Pathologic group

Non anemic COPD Anemic COPD
(n=35) (n=35) (n=30)

Age (yrs) 68.35 ± 4.36 70.25 ± 5.47 70.44 ± 5.57

Gender (M/F) 26/7 25/8 23/7

Weight (kg) 53.25 ± 3.30 49.83 ± 4.76 49.38 ± 6.13

Height (cm) 160.64 ± 4.53 159.45 ± 6.36 161.88 ± 4.66

BMI (kg/m2) 21.77 ± 1.25 20.99 ± 3.14 20.35 ± 2.53

Hemoglobin (g/dL) 13.08 ± 0.32a 13.21 ± 1.00 11.58 ± 0.72c

FVC (L/s) 2.56 ± 0.55b 2.04 ± 0.61 1.79 ± 0.53

% predicted FVC 95.88 ± 5.45ab 74.37 ± 15.24 69.35 ± 15.18

FEV1 (L/s) 2.05 ± 0.39ab 1.01 ± 0.29 0.92 ± 0.35

% predicted FEV1 97.33 ± 8.15a,b 47.82 ± 14.01 46.65 ± 13.22

FEV1/FVC 83.66 ± 2.56a,b 50.37 ± 7.71 52.28 ± 13.85

Table 1. The subject’s demographic data.

Data are presented as mean ± SD

Note; BMI = body mass index; FVC = forced vital capacity; FEV1 = forced vital capacity in 1 second

a = significant between normal and non-anemic group (p<0.05)

b= significant between normal and anemic group (p<0.05)

c= significant between anemic and non-anemic group (p<0.05)

         The FVC, the predicted FVC, the FEV1, the predicted  

FVE1, and the FEV1/FVC showed the significantly  

differences between the pathologic group and the control 

group (p< 0.05). The degree of the airway obstruction 

in the anemic group was comparable to the non-anemic 

group. They were classified as moderate to very severe 

degree of COPD based on GOLD guideline.1 The FVC 

and the predicted FVC were not statistically significant  

differences between the anemic and the non-anemic 

group. However, the results showed that the anemic 

group was more likely having the restrictive lung disease. 

 All subjects completed the 6MWT. The phys-

iological responses during the 6MWT showed in  

Table 2.  The lowest walking distance was found in the 

anemic group compared with the non-anemic and the 

control group.
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group. They were classified as moderate to very severe 

degree of COPD based on GOLD guideline.1 The FVC 

and the predicted FVC were not statistically significant  

differences between the anemic and the non-anemic 

group. However, the results showed that the anemic 

group was more likely having the restrictive lung disease. 

 All subjects completed the 6MWT. The phys-

iological responses during the 6MWT showed in  

Table 2.  The lowest walking distance was found in the 
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Variables Control group Pathologic group

Non anemic COPD Anemic COPD
(n=35) (n=35) (n=30)

6MWD 470.35 ± 43.10a 390.12 ± 50.75 300.12 ± 88.55b

RestingHR (beats/min) 73.73 ± 8.12a 84.65 ± 9.01 87.94 ± 9.09

HRim (beats/min) 97.00 ± 12.07 105.06 ± 10.42 111.35 ± 11.61

Resting SpO
2
 (%) 97.35 ± 0.99 95.35 ± 2.42 94.65 ± 2.57

SpO2im (%) 96.65 ± 2.62a 90.06 ± 7.11 84.82 ± 6.69b

Resting DBP (mmHg) 70.94 ± 5.88 72.76 ± 6.28 72.12 ± 6.63

DBPim (mmHg) 75.47 ± 7.92 77.94 ± 7.85 77.12 ± 8.70

Resting SBP (mmHg) 115.78 ± 13.15 116.08 ± 10.43 119.24 ± 10.86

SBPim (mmHg) 127.65 ± 10.33 129.41 ± 9.66 130.08 ± 9.05

Table 2. Physiological responses during 6MWT.

Data are presented as mean ± SD

Note; HR = heart rate; HRim = heart rate immediately after the test; SpO
2
 = oxygen saturation; 

SpO
2
im = oxygen saturation immediately after the test; DBP = Diastolic blood pressure; DBPim = diastolic blood  

pressureimmediately after the test; SBP = Systolic blood pressure; SBPim = Systolic blood pressure immediately after the test

a = significant between control and pathologic group (p<0.05)

b= significant between anemic and non-anemic group (p<0.05)

 All subjects completed the 6MWT. The

physiological responses during the 6MWT showed in  

Table 2.  The lowest walking distance was found in the 

anemic group compared with the non-anemic and the 

control group.

 At rest, all the groups had the SpO
2
 above 95% 

and there was no statistical difference on resting SpO
2 

among the three groups. However, immediately after  

the test, the lower SpO
2
im was found in the pathologic 

group when it was compared with the control group                    

(p< 0.05). Furthermore, the anemic group showed the 

lowest SpO
2
im among the three groups. There were no 

differences on blood pressure at rest and immediately  

after exercise among the groups.

 The control group had the highest walking  

distances among the groups. Additionally, the walking  

distances in the anemic group was lower than the  

non-anemic group. This result is comparable to the  

previous study (265 ± 122 m. for the anemic group vs. 

325 ± 124 m. for the non-anemic group; p<0.05).18

Discussion

 This implies that the functional capacity is  

reduced in the anemic group via the reduction in oxygen 

carrying capacity. Additionally, the difference of walking 

distance between the anemic and non-anemic group is 

about 90 meters in our study. The evidence suggested 

that changing of the walking distances greater than 70 

meters could alter the patient’s clinical perception.10 

Additionally, this result was similar to the previous study 

about the six-minute walk distance and reaction time in 

anemia and non-anemia COPD.15 Also anemia is the  

factor may be reduce exercise capacity in COPD.

 In this study, the highest resting heart rate was 

found in the anemic group compared with the others.  

Physical inactivity can increase resting heart rate.19 Also, 

dominant sympathetic outflow can increase heart rate and 

stroke volume in patients with anemia.6 Thus, the anemic  

condition and the sedentary lifestyle, may affect their  

resting heart rate.

 In this study, the HRim was higher in the patho-

logic group than the control group, though, it was not  

statistically significant difference among the three groups. 

This may be due to the effect of increase weak of breathing
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primarily from the airway obstruction in the pathologic 

group.1 Furthermore, the highest HRim was found in the 

anemic group. The anemic condition can increase plasma  

volume of the blood.6,8 This consequently results in  

congestive heart failure leading to pulmonary hypertension 

and pulmonary edema, respectively.20  Low lung compliance 

is occurred. Thus, the restrictive lung in the anemic group 

is possibly due to the low compliance. This restrictive type 

can increase the WOB and the heart rate, respectively. 

 The resting SpO
2
 was over 95% in all groups. At 

rest, the oxygen availability can meet the basal metabolic  

rate. However, during the 6MWT the oxygen supply 

does not meet the oxygen demand due to high exercise  

intensity and gas exchange impairment.

 It is known that the intensity of the 6MWT is  

comparable to the maximal exercise stress test in  

moderate to severe COPD patients.11 The range of  

exercise intensity in that study between 67 to 105 percent 

predicted maximal heart rate.11 In this study, the exercise 

intensity of the non-anemic and the anemic group was 

approximately 69.95 and 75.5 percent predicted maximal  

heart rate, respectively. Thus, the test can elicit the  

oxygen supply deprivation and is sufficient to stress the 

cardiopulmonary system in this study.

 A previous study reported that the SpO
2
im was 

significant lower in the COPD patients than the healthy  

individuals.21 This result is repeated in this study. However, 

the SpO
2
im comparison between the anemic and the 

non-anemic COPD patients has been made. This study 

is the first study demonstrated that the SpO
2
im in the 

anemic group was statistically significant lower than the  

non-anemic group. Additionally, the greater deoxygenating 

and the greater reduction of the SpO
2
im was found in the 

anemic group (from 94.65 ± 2.57% to 84.82 ± 6.69%) 

when it was compared to the non-anemic group (from 

95.35 ± 2.42% to 90.06 ± 7.11%). This is because the 

higher the heart rate is the greater reduction of transit 

time at the pulmonary capillary. Thus, the severity of the 

gas exchange in the anemic group is greater than the 

non-anemic group.

 Ozalevli et al21 reported that the SBP and the 

DBP were not statistically significant differences between 

the COPD and the healthy group during at rest and

immediately after the 6MWT. However, the SBP and the 

DBP during at rest and immediately after exercise was  

slightly higher than the healthy group. These are  

reproducible in this study. The comparison of the SBP 

and the DBP before and after the 6MWT between the 

anemic and the non-anemic group had been made in this 

study. The sympathetic activity was greater in the anemic 

group than the non-anemic group, even though this group 

tried to reduce the walking speed.  

 Pervious study showed that the dyspnea after 

the 6MWT in the anemic group was greater than the  

non-anemic group.18 In this study, the fatigue and the 

dyspnea before and after the test were obtained. The  

pathology group had greater the fatigue and dyspnea than 

the control group before and after the 6MWT.  Specific 

consideration between the anemic and the non-anemic 

group was made. The fatigue and the dyspnea were 

greater in the anemic group than in the counterpart before 

and after the test.  

 Hypoxemia in patients with severe COPD  

stimulate the EPO production in kidney and resulting in  

the increase of RBC production.5 Thus, polycythemia 

should be frequently seen in the patients with COPD. In 

fact, it is not always the case. Form the epidemiologic 

study, the anemic prevalence in COPD was 23.1%.5   

Additionally, the EPO resistance was found in the anemic 

group.22

 Both of COPD and CHF are considered as 

the systemic inflammatory disease.2,3 The anemic  

mechanisms in CHF have been already proposed. Firstly, 

the increase level of inflammatory cytokines may reduce 

red blood cell survival. Secondly, there is the inhibition 

of erythropoietin production in bone marrow. Lastly, iron  

utilization is inhibited. Currently, the mechanisms of anemia  

in COPD are unknown. These mechanisms may cause 

anemia in COPD patients. Thus, further study needs to 

be clarified on these issues. 

 Some limitations were found in this study. Firstly,  

there was no physical examination on gastrointestinal 

(GI) bleeding and laboratory test on iron deficiency in all  

subjects. Since, GI bleeding and iron deficiency are  

commonly caused the anemia in elderly population.23
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Secondly, pulmonary artery and capillary pressure were 

not directly measured. Lastly, objective physical exam-

inations on the heart issues need to be done. This is 

because the cardiac disease is one of the most common 

co-morbidities in patients with COPD.22  In conclusion, this 

study showed that the lowest 6MWD was found in the

anemic group compared with the non-anemic group and 

the control group. However, the HRim was not statistically 

significant difference among three groups. Immediately  

after the 6MWT, the anemic group showed the lowest 

SpO
2 
among the three groups. 
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