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[ Abstract])

Objective: This study intended to search for potential correlations between anaemia
in patients with severe COPD (GOLD stage 3) and pulmonary function at rest,
exercise capacity, as well as ventilatory efficiency, utilizing pulmonary function test

(PFT) and cardiopulmonary exercise testing (CPET).

Setting: Study was undertaken at Shanghai pulmonary hospital, a tertiary level centre
affiliated to Tongji University. It caters to a large population base within shanghai and

referrals from centers in other cities as well.
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Participants: 155 Chinese patients with stable severe COPD were divided into two
groups: anemia group [hemoglobin (Hb) <12.0 g/dl for males, and <11 g/dL for

females (n=46)] and non-anemia group (n=109).

Primary and secondary outcome measures: Arterial blood gas (ABG), PFT and

CPET were tested in all patients.

Results: (1) Diffusing capacity for carbon monoxide (DLco) corrected by Hb was
significantly lower in anemia group [(15.3£1.9) ml/min/mmHg] than in non-anemia
group [(17.1£2.1) ml/min/mmHg] (P<0.05). Significant difference did not exist in the
level of forced expiratory volume in 1 second (FEV,), FEV%pred, FEV,/ forced vital
capacity (FVC), inspiratory capacity (IC), residual volume (RV), total lung capacity

(TLC) and RV/TLC (P>0.05). (3) Peak Load, Peak oxygen uptake (V 0,), Peak \%
0,%pred, Peak \Y 0,/Kg, Peak O, pulse and the ratio of \Y% O, increase to WR increase
(AV O,/AWR) were significantly lower in anemia group(P<0.05), however, Peak

minute ventilation (VE), Lowest V E/ carbon dioxide output (V CO,), Peak dead

space/tidal volume ratio (VD/VT) were similar between the two groups (P>0.05). (4)

A strong positive correlation was found between Hb concentration and Peak V 0, in

anemic patients. ( r=0.702, P<0.01).

Conclusion: Anemia has a negative impact on gas exchange and exercise tolerance
during exercise in severe COPD patients. The decrease amplitude of Hb levels is

related to the quantity of oxygen uptake.

[ Key words] anemia; chronic obstructive pulmonary disease; cardiopulmonary

exercise test; hemoglobin

Article summary
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Heading: Impact of anaemia on lung function and exercise capacity in patients with

stable severe chronic obstructive pulmonary disease

This study searched for potential correlations between anaemia in patients with
severe COPD (GOLD stage 3) and pulmonary function at rest, exercise capacity, as
well as ventilatory efficiency. Our results show that anemia has a negative impact on
gas exchange and exercise capacity in severe COPD patients. The decrease amplitude
of Hb levels is related to the quantity of oxygen uptake. Although cardiopulmonary
exercise testing (CPET) parameters have been widely used to grade the severity of
exercise limitation and provide a quantitative assessment on patients’ ventilator
response and cardiovascular response during exercise, all of which might be impaired
due to anemia. It has seldom been utilized for functional assessment of COPD patients
with anemia. The limitations of the study is that the present data were derived from
patients with severe (GOLD stage III) COPD and thus cannot be applied to the overall

population of COPD patients.
Introduction

Chronic obstructive pulmonary disease (COPD) affects various functional and
structural domains of the lungs and is recognized as a systemic disease, frequently
present in addition to other diseases.' Polycythemia, traditionally thought to be highly
prevalent in COPD, is less frequent nowadays with more rigorous correction of
hypoxaemia.” Reversely, recent research show that anaemia is highly prevalent in
patients with COPD. **

Anemia, which is a well recognized comorbidity in many chronic illnesses
occurs in 10-30% of COPD patien1:s.3'12 Anemia has been related with increased
mortality and morbidity including increased health care costs and hospitalization.*?
Although cardiopulmonary exercise testing (CPET) parameters have been widely
used to grade the severity of exercise limitation and provide a quantitative assessment
on patients’ ventilator response and cardiovascular response during exercise," all of
which might be impaired due to anemia. It has seldom been utilized for functional

assessment of COPD patients with anemia.
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Based on the aforementioned situation, the aims of our study were to (1)
investigate the prevalence of anemia in stable severe COPD patients and (2) evaluate
the impact of anemia on pulmonary function at rest, ventilatory efficiency and

exercise capacity in COPD patients, utilizing PFT and CPET.

MATERIALS AND METHODS
Study subjects

The relevant population consisted of consecutive, clinically stable patients with a
diagnosis of severe COPD (GOLD stage III) '*, who visited the Respiratory Unit of
Shanghai Pulmonary Hospital as outpatients between December 2011 and November
2013. Patients were diagnosed as clinically stable if they had had no hospital
admission, exacerbation, respiratory infection or change in medication three months
prior to entering the study. Exclusion criteria included: (1) a history of bronchiectasis,
asthma or other concomitant respiratory diseases; (2) a diagnosis of malignancy; 3)
inability to complete CPET according to the American Thoracic Society/American
College of Chest Physicians guidelines,'® such as unstable angina, acute myocardial
infarction, uncontrolled arrhythmias causing symptoms and orthopedic impairment;
and 4) any disease that could affect haemoglobin levels (thyroid disease, liver disease,
chronic renal failure, chronic heart failure, previous history of gastrointestinal
bleeding and chronic inflammatory rheumatic disease). Anaemia was defined as the

presence of haemoglobin levels <12 g/dL in males and <11 g/dL in females according

to China-specific criteria'®. The study was approved by the hospital Ethics Committee.

Informed consent was obtained from all patients before undergoing any study
procedure.
Study Procedures
During the initial visit, all the patients with a potential or known diagnosis of
COPD underwent physical examination, arterial blood gas analysis (ABG) and lung
function testing. All stable severe COPD patients (if 30% < FEV1 < 50% predicted )
underwent peripheral venous blood sampling to determine full blood count, liver

transaminase, total protein (albumin and globulin), thyroid hormone, serum levels of
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urea and creatinine. Patients who were subsequently presented with abnormal
thyroid hormone values (either high or low), glomerular filtration rate (GFR) below
60mL/min'” and increased liver enzymes twice the upper limit of normal were
excluded. The included patients in the study visited the outpatient clinic within two
weeks from the initial visit and performed CPET.
Arterial blood gas analysis and resting pulmonary function measurements
ABG measurements such as PH, partial pressure of oxygen (PaO,), partial
pressure of carbon dioxide (PaCO,) and arterial oxygen saturation (SaO,) were taken
just after 10 minutes of rest. Each subject underwent resting PFT of forced vital
capacity (FVC), forced expiratory volume in Isecond (FEV)), inspiratory capacity
(IC), diffusing capacity for carbon monoxide (DLco) corrected by Hb, residual
volume (RV) and total lung capacity (TLC) using standard methodologyl12 and
equipment (Jaeger Corp., Hoechberg, Germany). All resting lung function values were
reported in absolute terms and normalized to percent of predicted (% pred). Predicted
spirometry values were calculated using accepted equations for Chinese adults.'®
Cardiopulmonary exercise test measurements
All the patients and controls performed on a cycle ergometer using a
breath-by-breath system according to the American Thoracic Society/American
College of Chest Physicians Statement on CPET." The equipment was calibrated in
accordance with manufacturer’s specifications using reference and calibration gases
before each test. Standard 12 lead electrocardiograms (ECGs) and pulse oximetry
were continuously monitored. Arterial blood pressure (BP) was measured every two
minutes with an automatic cuff. The protocol was comprised of three minutes of rest,
three minutes of unloaded cycling at 55-65 revolutions per minute (rpm), followed by
a progressively increasing work rate of 5 to 15 watts (W)/min for PH patients, 20 to
25 W/min for the normal subjects to the maximum tolerance, and four minutes of
recovery.'®
Most CPET values were reported in absolute terms and normalized to percentage

of predicted (% pred). Predicted values were calculated using accepted equations."’
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CPET variables including oxygen uptake (VO,), minute ventilation (VE), carbon
dioxide output (VCO,), workload (WR) and dead space/tidal volume ratio (VD/VT)

were calculated at peak exercise. PeakVO, was defined as the highest 30-second

average of oxygen uptake in the last minute of exercise and other peak parameters

were calculated at the same time. Lowest VE/VCO, was determined by averaging the

lowest consecutive 90 sec data points.*
Statistical analysis

Statistical analysis was performed using SPSS (version 16, SPSS, Chicago).
Parameters were expressed as meant SD. Most PFT and CPET values are expressed
in absolute terms and % pred. Unpaired Student t test was used to identify differences
between groups, whereas y” test was used to assess differences in categorical
variables between groups. Correlations between CPET parameters and Hb levels were
determined by Pearson’s correlation test. P value of < 0.05 was considered significant.
Results
Baseline clinical and demographic characteristics

One hundred and fifty-five patients diagnosed with severe COPD (GOLD stage
IIT) in outpatients were included. The vast majority (93%) of patients in the dataset
were males. The mean age was 61 years. The characteristics of the anemic and non
anemic COPD patients are presented in Table 1. Forty-eight (31%) patients from this
population fulfilled both laboratory and clinical criteria for anemia, therefore, the
prevalence of anemia among stable COPD (GOLD stage III) outpatients in our study
was 31%. The Hb level for anemic patients was 10.6 = 0.8g/dl. No difference was
noted in BMI, ages, pack-years of smoking and arterial blood gas analysis parameters
(PH. PaO, . PaCO, or Sa0O,) between anemic and non anemic patients.
Resting pulmonary function measurements

The PFT parameters of the anemic and non anemic patients are presented in
Tables 2. There was no statistical significance in FEV|.FEV%pred .FEV/FVC.IC.

RV, TLC. RV/TLC between the two groups, indicating resting pulmonary ventilation
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function was similar to each other. However, DLco corrected by Hb was significantly
lower among anemic patients compared to nonanemic patients.
Cardiopulmonary exercise testing

All individuals completed their CPET studies without incident. Nearly all
patients stopped exercise because of leg fatigue and/or acute shortness of breath. All
subjects achieved a respiratory exchange ratio (RER) >1.10, indicating sufficient
metabolic stress. Because the anaerobic threshod (AT) may not be determined by
V-slope method®' or the interpreter may feel that the AT is unreliable after reviewing

an exercise test in a substantial number of severe COPD patients, CPET variables

including VO,, VE, VCO,, workload, and VD/VT were calculated at peak exercise

without AT. Exercise responses of all the COPD patients at peak are presented in

Table 3. Overall, there was a negative impact of anemia on exercise capacity.

Peakload, Peak \Y O,, Peak \Y4 0,/Kg, Peak VO, pulse, and the ratio of VO, increase

to WR increase (AVO, /AWR slope) were significantly lower among anemic patients

compared with non anemic patients. None of the exercise parameters indicative of

respiratory limitation and ventilatory efficiency (Peak V E, Lowest V E/ V CO,, Peak
VD/VT) differed between the two groups.

Correlations

PeakVO, is frequently used as the most reliable measure of overall exercise

capacity, so we choose Peak VO, as the typical CPET parameters to investigate for

potential associations between Hb levels and exercise capacity. The correlations

between Hb concentration and Peak V O, for the anemic and non anemic COPD

patients are shown in Figure 1. A strong positive correlation was found between Hb

concentration and Peak V O, in anemic patients ( =0.702, P<0.01) (FigurelA) , but
no statistical significant correlation was found with non anemic patients ( r=0.055,

P>0.05) (figure1B).
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Discussions

There is increasing evidence regarding the impact of systemic inflammation on
COPD. In theory, it has been postulated that the pathophysiology of COPD-associated
anaemia might be an inflammatory and immunological response, mediated by IL-1,
IL-6, TNF-a and interferon gamma, which could make variations in iron metabolism,

2223 These mediators

reducing iron absorption thereby altering normal haematopoiesis.
increase in patients with COPD and could be regarded as factors related to the onset
of anaemia.”* One previous study has reported that anaemia in COPD is at least in part,
on account of inflammation and resistance to elevated levels of serum
erythropoietin.”

In the current study, anaemia was present in 31% of severe COPD patients. The
result confirms that anaemia is a common phenomenon in patients with severe COPD.
The main aim of the present study was to search for potential correlations between
anaemic severe COPD patients and resting pulmonary function, exercise capacity, as
well as ventilatory efficiency based on PFT and CPET.

The usual PFT parameters like FEV ), FEV % pred, FEV,/FVC, IC, RV, TLC and
RV/TLC of the two groups were similar to each other except for DLco corrected by
Hb. A severe obstructive pattern characterized the population studied. The finding that
patients in the anaemia group had significant lower DLco values (corrected by Hb)
(P<0.05) indicates that the decreased level of haemoglobin may affect the rate of
oxygen uptake across the alveolar-capillary bed and reduce the diffusing capacity of
the lungs, without having obvious influence on the pulmonary ventilation function.

Although anaemia has been associated with dyspnoea and reduced exercise
tolerance in patients with chronic kidney disease, heart failure and cancer,”*** few
studies have been published concerning the effect of anaemia on exercise capacity in
COPD patients. Cote et al studied patients with stable COPD, observed that the
presence of anaemia affects the general feeling of dyspnoea measured in the MRC
scale and concluded that anaemia decreases exercise tolerance measured in 6MWT.?
However, the present study is the first to investigate the impact of anaemia on

exercise capacity and ventilatory efficiency of severe COPD patients utilizing CPET.
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On the one hand, the present study showed that anemic patients with severe

COPD had lower PeakLoad, Peak V O, (%pred), Peak V Oo/Kg, 20,/ AWR slope and

Peak oxygen pulse (O, pulse) compared with the non anemic ones, demonstrating the

negative effect of anemia on exercise capacity. Peak VO, is frequently used as the

most reliable measure of overall exercise capacity. By Fick’s principlezo’”'n, VO, =
cardiac output*arteriovenous O, difference, the arteriovenous O, difference is
dependent on the availability of hemoglobin, blood oxygenation in the lung, and
extraction of oxygen in the periphery. For a given increase in cardiac output, the

anemic patient, who has decreased level of haemoglobin and arterial O, concentration,

will have a lower Peak V O,. O, pulse is the quotient of the V O, and heart rate. AV
0,/AWR slope is an important measurement to evaluate exercise capacity in patients
with heart disease. The decreased AVO,/AWR slope is a marker of decreased aerobic
exercise capacity caused by decreased oxygen transport.>® In our study, we found that
COPD patients with anemia had a lower AVO,/AWR slope than those without
anemia. This result further confirmed that anemic patients may have a more serious

limitation in exercise capacity than non anemic patients.

On the other hand, there were no differences in CPET parameters as Peak V E,
Lowest V E/ V CO,, Peak VD/VT (%) between the two groups. Both Peak VD/VT

and Lowest V E/ V CO, indicate the ventilatory efficiency of oxygen uptake and
carbon dioxide elimination in patients, mainly due to the limitation of blood flow
perfusion, i.e. Q/VA mismatch. Therefore, anaemia may have a negative effect on
exercise capacity of patients with severe COPD, while its influence on ventilatory
efficiency is little.

Apart from that, a strong positive correlation was found between Hb

concentration and Peak V O, in anemic patients (r=0.702, P<0.01), but no statistical
significant correlation was found with non anemic patients. All these results strongly

indicate that oxygen carrying capacity may depend upon the level of haemoglobin for
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the anemic patients and oxygen delivery is crucial for the maintenance of oxidative
metabolism. Previous study showed that in normal individuals, 15 g/dl of Hb carry
approximately 21 ml of oxygen per 100 ml of blood and a 3g/dl decrease in Hb levels
would result in a reduction of the total oxygen-carrying capacity by 4/100 ml.**
Moreover, anaemia may result in limited oxygen supply with the consequent increase
in ventilatory drive. Among patients with COPD whose ventilatory reserve were
decreased, the accompanying increased ventilatory demand may result in dyspnoea.

Our study is not free of limitations. The proportion of female patients was small.
The significantly lower prevalence of COPD in females is the possible explanations
for this phenomenon. Moreover, the present data were derived from patients with
severe (GOLD stage III) COPD and thus cannot be applied to the overall population
of COPD patients. The reason why we choose severe (GOLD stage III) COPD
patients as our object of study is that patients with anaemia had a tendency to have
more severe COPD*° while very severe COPD patients may not manage to
complete CPET. Efforts should be made to further assess the prevalence of anaemia in
other stages of COPD.

Conclusions:

Our study demonstrated that COPD can be accompanied by anemia and implied
the potential correlations between anaemia in patients with COPD and respiratory
physiology utilizing PFT and CPET. The results indicated that both the function of gas
exchange and exercise capacity decreased in the severe COPD patients with anaemia
compared with the patients without anaemia, while the influence of anaemia on
pulmonary ventilation function and ventilatory efficiency was little. Future studies are
needed in order to evaluate the possible therapeutic approaches in COPD patients with

anaemia.
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Figure captions

Figure 1. Figure 1A and 1B show the correlation between Peak V O, and Hb

concentration in COPD patients with and without anaemia respectively.
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Significant positive correlation was found between Hb concentration and Peak VO,
in anemic patients (r=0.702, P<0.01) (FigurelA), but no statistical significant

correlation was found with nonanemic patients (r=0.055, P >0.05) (Figure1B).

Table 1. Demographic and clinical characteristics of patients included in the study

Variable Patients with low haemoglobin Patients with normal haemoglobin
Concentration (%) concentration (%)
Number of patients (n = 207) (%) 48 (31%) 109(69%)
Sex Men (M) 45(94%) Men (M)99 (91%)
Age (years) 61.321+6.03 60.821+7.13
BMI (kg/m?) 21.72+2.93 22.18+2.15
Haemoglobin concentration (g/dL) 10.6 £ 0.8* 12.9+1.1*
Smoking index (Pack-years) 43.58+7.70 45.561+4.63
PH 7.3940.017 7.38+0.023
PaCO, (mm Hg) 44.671+1.32 44.311+1.28
Pa0O, (mm Hg) 68.11+3.01 67.33.+3.62
Sa0, (%) 94.44+0.94 94.77+1.13

PaO,= oxygen partial pressure; PaCO, = carbon dioxide partial pressure;
values represent numbers of patients or means+SD, as appropriate.

*p < 0.05, COPD patients with anaemia versus patients without anaemia using unpaired t test

Table 2.The comparison of pulmonary function indices in COPD patients with and without

anaemia

Variable Patients with low haemoglobin Patients with normal haemoglobin
concentration(n = 48) concentration(n = 109)

FEV, (L) 1.33+0.27 1.41+0.13

FEV, (% predicted) 42.15+7.53 43.28+5.72

FEV,/FVC (%) 41.32+2.19 43.361+1.38

RV (L) 3.98+1.55 4.11+1.24

TLC (L) 7.8210.93 7.11+1.78

RV/TLC (%) 60.121+6.78 53.27+6.79

IC (L) 1.521+0.47 1.61+0.43

DLco (L) 15.314+1.94* 17.10+2.05*

FEV,, forced expiratory volume in one second; FVC, forced vital capacity; TLC, total lung capacity; RV,
residual volume; IC, inspiratory capacity; DLco, carbon monoxide diffusion capacity corrected for Hb
concentration

values represent numbers of patients or means+SD, as appropriate

*p < 0.05, COPD patients with anaemia versus patients without anaemia using unpaired t test
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Table 3.The comparison of cardiopulmonary exercise testing parameters in COPD patients
with and without anaemia

Variable Patients with low haemoglobin Patients with normal haemoglobin
concentration concentration
PeakLoad (W) 66.36 -16.62* 69.461+28.18*
Peak VO, (ml/min) 866.28 1274.32** 1180.421+319.18**
Peak VO, (%pred) 56.21+14.79** 69.11+18.72%*
Peak VO,/Kg (mL/min/kg) 14.88+3.92* 18.721+3.86*
Peak VE (L/min) 37.89+6.33 36.7115.42
D,/ AWR slope (ml/min/watt) 8.02+1.03* 9.20+1.42*
Peak O, pulse (mL/beat) 7.881+2.63* 11.3+2.19*
Lowest VE/ VCO, 32.15+1.28 31.28+2.90
Peak VD/VT (%) 33.2%7.2 34.9+6.1

%pred = percent of predicted; Vo2 = peak oxygen uptake; VE = minute ventilation; VCOo2=

carbon dioxide output; AO2/AWR slope =the ratio of VO2 increase to WR increase;

VD/VT=dead space/tidal volume ratio
values represent numbers of patients or means+SD, as appropriate.

*P<0.05, **P<0.01, COPD patients with anaemia versus patients without anaemia using unpaired

t test
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[ Abstract])

Objective: This study intended to search for potential correlations between anaemia
in patients with severe COPD (GOLD stage 3) and pulmonary function at rest,
exercise capacity, as well as ventilatory efficiency, utilizing pulmonary function test

(PFT) and cardiopulmonary exercise testing (CPET).

Setting: Study was undertaken at Shanghai pulmonary hospital, a tertiary level centre
affiliated to Tongji University. It caters to a large population base within shanghai and

referrals from centers in other cities as well.
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Participants: 157 Chinese patients with stable severe COPD were divided into two
groups: anemia group [hemoglobin (Hb) <12.0 g/dl for males, and <11 g/dL for

females (n=48)] and non-anemia group (n=109).

Primary and secondary outcome measures: Arterial blood gas (ABG), PFT and

CPET were tested in all patients.

Results: (1) Diffusing capacity for carbon monoxide (DLco) corrected by Hb was
significantly lower in anemia group [(15.3£1.9) ml/min/mmHg] than in non-anemia
group [(17.1£2.1) ml/min/mmHg] (P<0.05). Significant difference did not exist in the
level of forced expiratory volume in 1 second (FEV,), FEV%pred, FEV// forced vital
capacity (FVC), inspiratory capacity (IC), residual volume (RV), total lung capacity

(TLC) and RV/TLC (P>0.05). (2) Peak Load, Peak oxygen uptake (\7 0,), Peak \%
0,%pred, Peak \Y 0,/Kg, Peak O, pulse and the ratio of \Y% O, increase to WR increase
(AV O,/AWR) were significantly lower in anemia group(P<0.05), however, Peak

minute ventilation (VE), Lowest V E/ carbon dioxide output (V CO,), Peak dead

space/tidal volume ratio (VD/VT) were similar between the two groups (P>0.05). (3)

A strong positive correlation was found between Hb concentration and Peak V O, in

anemic patients. ( r=0.702, P<0.01).

Conclusion: Anemia has a negative impact on gas exchange and exercise tolerance
during exercise in severe COPD patients. The decrease amplitude of Hb levels is

related to the quantity of oxygen uptake.

[ Key words] anemia; chronic obstructive pulmonary disease; cardiopulmonary

exercise test; hemoglobin

Article summary
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Heading: Impact of anaemia on lung function and exercise capacity in patients with

stable severe chronic obstructive pulmonary disease

This study searched for potential correlations between anaemia in patients with
severe COPD (GOLD stage 3) and pulmonary function at rest, exercise capacity, as
well as ventilatory efficiency. Our results show that anemia has a negative impact on
gas exchange and exercise capacity in severe COPD patients. The decrease amplitude
of Hb levels is related to the quantity of oxygen uptake. Although cardiopulmonary
exercise testing (CPET) parameters have been widely used to grade the severity of
exercise limitation and provide a quantitative assessment on patients’ ventilator
response and cardiovascular response during exercise, all of which might be impaired
due to anemia. It has seldom been utilized for functional assessment of COPD patients
with anemia. The limitations of the study is that the present data were derived from
patients with severe (GOLD stage III) COPD and thus cannot be applied to the overall

population of COPD patients.
Introduction

Chronic obstructive pulmonary disease (COPD) affects various functional and
structural domains of the lungs and is recognized as a systemic disease, frequently
present in addition to other diseases.' Polycythemia, traditionally thought to be highly
prevalent in COPD, is less frequent nowadays with more rigorous correction of
hypoxaemia.” Reversely, recent research show that anaemia is highly prevalent in
patients with COPD. **

Anemia, which is a well recognized comorbidity in many chronic illnesses
occurs in 10-30% of COPD patien1:s.3'12 Anemia has been related with increased
mortality and morbidity including increased health care costs and hospitalization.*?
Although cardiopulmonary exercise testing (CPET) parameters have been widely
used to grade the severity of exercise limitation and provide a quantitative assessment
on patients’ ventilator response and cardiovascular response during exercise," all of
which might be impaired due to anemia. It has seldom been utilized for functional

assessment of COPD patients with anemia.
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Based on the aforementioned situation, the aims of our study were to (1)
investigate the prevalence of anemia in stable severe COPD patients and (2) evaluate
the impact of anemia on pulmonary function at rest, ventilatory efficiency and

exercise capacity in COPD patients, utilizing PFT and CPET.

MATERIALS AND METHODS
Study subjects

The relevant population consisted of consecutive, clinically stable patients with a
diagnosis of severe COPD (GOLD stage III) '*, who visited the Respiratory Unit of
Shanghai Pulmonary Hospital as outpatients between December 2011 and November
2013. Patients were diagnosed as clinically stable if they had had no hospital
admission, exacerbation, respiratory infection or change in medication three months
prior to entering the study. Exclusion criteria included: (1) a history of bronchiectasis,
asthma or other concomitant respiratory diseases; (2) a diagnosis of malignancy; 3)
inability to complete CPET according to the American Thoracic Society/American
College of Chest Physicians guidelines,'® such as unstable angina, acute myocardial
infarction, uncontrolled arrhythmias causing symptoms and orthopedic impairment;
and 4) any disease that could affect haemoglobin levels (thyroid disease, liver disease,
chronic renal failure, chronic heart failure, previous history of gastrointestinal
bleeding and chronic inflammatory rheumatic disease). Anaemia was defined as the

presence of haemoglobin levels <12 g/dL in males and <11 g/dL in females according

to China-specific criteria'®. The study was approved by the hospital Ethics Committee.

Informed consent was obtained from all patients before undergoing any study
procedure.
Study Procedures
During the initial visit, all the patients with a potential or known diagnosis of
COPD underwent physical examination, arterial blood gas analysis (ABG) and lung
function testing. All stable severe COPD patients (if 30% < FEV1 < 50% predicted )
underwent peripheral venous blood sampling to determine full blood count, liver

transaminase, total protein (albumin and globulin), thyroid hormone, serum levels of
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urea and creatinine. Patients who were subsequently presented with abnormal
thyroid hormone values (either high or low), glomerular filtration rate (GFR) below
60mL/min'” and increased liver enzymes twice the upper limit of normal were
excluded. The included patients in the study visited the outpatient clinic within two
weeks from the initial visit and performed CPET.
Arterial blood gas analysis and resting pulmonary function measurements
ABG measurements such as PH, partial pressure of oxygen (PaQO,), partial
pressure of carbon dioxide (PaCO,) and arterial oxygen saturation (SaO,) were taken
just after 10 minutes of rest. Each subject underwent resting PFT of forced vital
capacity (FVC), forced expiratory volume in Isecond (FEV)), inspiratory capacity
(IC), diffusing capacity for carbon monoxide (DLco) corrected by Hb, residual
volume (RV) and total lung capacity (TLC) using standard methodologyl12 and
equipment (Jaeger Corp., Hoechberg, Germany). All resting lung function values were
reported in absolute terms and normalized to percent of predicted (% pred). Predicted
spirometry values were calculated using accepted equations for Chinese adults.'®
Cardiopulmonary exercise test measurements
All the patients performed on a cycle ergometer using a breath-by-breath system
according to the American Thoracic Society/American College of Chest Physicians
Statement on CPET."” The equipment was calibrated in accordance with
manufacturer’s specifications using reference and calibration gases before each test.
Standard 12 lead electrocardiograms (ECGs) and pulse oximetry were continuously
monitored. Arterial blood pressure (BP) was measured every two minutes with an
automatic cuff. The protocol was comprised of three minutes of rest, three minutes of
unloaded cycling at 55-65 revolutions per minute (rpm), followed by a progressively
increasing work rate of 5 to 15 watts (W)/min for the COPD patients, and four
minutes of recovery.'®
Most CPET values were reported in absolute terms and normalized to percentage

of predicted (% pred). Predicted values were calculated using accepted equations."’

CPET variables including oxygen uptake (VO,), minute ventilation (VE), carbon
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dioxide output (VCO,), workload (WR) and dead space/tidal volume ratio (VD/VT)

were calculated at peak exercise. PeakVO, was defined as the highest 30-second

average of oxygen uptake in the last minute of exercise and other peak parameters

were calculated at the same time. Lowest VE/VCO, was determined by averaging the

lowest consecutive 90 sec data points.*
Statistical analysis

Statistical analysis was performed using SPSS (version 16, SPSS, Chicago).
Parameters were expressed as meant SD. Most PFT and CPET values are expressed
in absolute terms and % pred. Unpaired Student t test was used to identify differences
between groups, whereas y” test was used to assess differences in categorical
variables between groups. Correlations between CPET parameters and Hb levels were
determined by Pearson’s correlation test. P value of < 0.05 was considered significant.
Results
Baseline clinical and demographic characteristics

One hundred and fifty-seven patients diagnosed with severe COPD (GOLD stage
IIT) in outpatients were included. The vast majority (93%) of patients in the dataset
were males. The mean age was 61 years. The characteristics of the anemic and non
anemic COPD patients are presented in Table 1. Forty-eight (31%) patients from this
population fulfilled both laboratory and clinical criteria for anemia, therefore, the
prevalence of anemia among stable COPD (GOLD stage III) outpatients in our study
was 31%. The Hb level for anemic patients was 10.6 = 0.8g/dl. No difference was
noted in BMI, ages, pack-years of smoking and arterial blood gas analysis parameters
(PH. PaO, . PaCO; or Sa0O,) between anemic and non anemic patients.
Resting pulmonary function measurements

The PFT parameters of the anemic and non anemic patients are presented in
Tables 2. There was no statistical significance in FEV|.FEV%pred .FEV/FVC.IC.
RV. TLC. RV/TLC between the two groups, indicating resting pulmonary ventilation
function was similar to each other. However, DLco corrected by Hb was significantly

lower among anemic patients compared to nonanemic patients.
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Cardiopulmonary exercise testing

All individuals completed their CPET studies without incident. Nearly all
patients stopped exercise because of leg fatigue and/or acute shortness of breath. All
subjects achieved a respiratory exchange ratio (RER) >1.10, indicating sufficient
metabolic stress. Because the anaerobic threshod (AT) may not be determined by
V-slope method®' or the interpreter may feel that the AT is unreliable after reviewing

an exercise test in a substantial number of severe COPD patients, CPET variables

including VO,, VE, VCO,, workload, and VD/VT were calculated at peak exercise

without AT. Exercise responses of all the COPD patients at peak are presented in

Table 3. Overall, there was a negative impact of anemia on exercise capacity.

Peakload, Peak \Y O,, Peak \Y4 0,/Kg, Peak VO, pulse, and the ratio of VO, increase

to WR increase (AVO, /AWR slope) were significantly lower among anemic patients

compared with non anemic patients. None of the exercise parameters indicative of

respiratory limitation and ventilatory efficiency (Peak V E, Lowest V E/ V CO,, Peak
VD/VT) differed between the two groups.

Correlations

PeakVO, is frequently used as the most reliable measure of overall exercise

capacity, so we choose Peak VO, as the typical CPET parameters to investigate for

potential associations between Hb levels and exercise capacity. The correlations

between Hb concentration and Peak V O, for the anemic and non anemic COPD

patients are shown in Figure 1. A strong positive correlation was found between Hb

concentration and Peak V O, in anemic patients ( =0.702, P<0.01) (FigurelA) , but
no statistical significant correlation was found with non anemic patients ( r=0.055,

P>0.05) (figure1B).

Discussions

In the current study, anaemia was present in 31% of severe COPD patients. The
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result confirms that anaemia is a common phenomenon in patients with severe COPD.
The main aim of the present study was to search for potential correlations between
anaemic severe COPD patients and resting pulmonary function, exercise capacity, as
well as ventilatory efficiency based on PFT and CPET.

The usual PFT parameters like FEV,, FEV % pred, FEV,/FVC, IC, RV, TLC and
RV/TLC of the two groups were similar to each other except for DLco corrected by
Hb. A severe obstructive pattern characterized the population studied. The finding that
patients in the anaemia group had significant lower DLco values (corrected by Hb)
(P<0.05) indicates that the decreased level of haemoglobin may affect the rate of
oxygen uptake across the alveolar-capillary bed and reduce the diffusing capacity of
the lungs, without having obvious influence on the pulmonary ventilation function.

Although anaemia has been associated with dyspnoea and reduced exercise
tolerance in patients with chronic kidney disease, heart failure and cancer,”>* few
studies have been published concerning the effect of anaemia on exercise capacity in
COPD npatients. Cote et al studied patients with stable COPD, observed that the
presence of anaemia affects the general feeling of dyspnoea measured in the MRC
scale and concluded that anaemia decreases exercise tolerance measured in 6MWT.?
However, the present study is the first to investigate the impact of anaemia on
exercise capacity and ventilatory efficiency of severe COPD patients utilizing CPET
in Chinese population.

On the one hand, the present study showed that anemic patients with severe

COPD had lower PeakLoad, Peak V O, (%pred), Peak V 0,/Kg, AO,/AWR slope and

Peak oxygen pulse (O, pulse) compared with the non anemic ones, demonstrating the

negative effect of anemia on exercise capacity. Peak VO, is frequently used as the

most reliable measure of overall exercise capacity. By Fick’s principle’*** V 0, =
cardiac output*arteriovenous O, difference, the arteriovenous O, difference is
dependent on the availability of hemoglobin, blood oxygenation in the lung, and
extraction of oxygen in the periphery. For a given increase in cardiac output, the

anemic patient, who has decreased level of haemoglobin and arterial O, concentration,
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will have a lower Peak V 0,. O, pulse is the quotient of the \Y4 O, and heart rate. AV
0,/AWR slope is an important measurement to evaluate exercise capacity in patients
with heart disease. The decreased AVO,/AWR slope is a marker of decreased aerobic

exercise capacity caused by decreased oxygen transport.”’ In our study, we found that

COPD patients with anemia had a lower AVO,/AWR slope than those without anemia.

This result further confirmed that anemic patients may have a more serious limitation
in exercise capacity than non anemic patients, which corroborate with the study by
Boutou et al.>*® However, we have just included subjects with GOLD III rather than
theirs which included other groups as well. This study also differs in the fact that we
have a larger sample size and the anemia cut off values were pertinent to the Chinese
population rather than WHO defined general cut off values for anemia. The study by
Rutten et al showed the 6MWD and the BODE score were not different among the
patients with and without anemia which contradicts our ﬁnding.3 ! However, the
patient profiles in our study is fundamentally different form that of Rutten et al as we
have taken a lower Hb cut off value to define anemia. Nevertheless the patients in our
study have much lower Hb levels on average indicating the degree of anemia was

more SCvere.

On the other hand, there were no differences in CPET parameters as Peak V E,
Lowest V E/ V CO,, Peak VD/VT (%) between the two groups. Both Peak VD/VT

and Lowest V E/ V CO, indicate the ventilatory efficiency of oxygen uptake and
carbon dioxide elimination in patients, mainly due to the limitation of blood flow
perfusion, i.e. Q/VA mismatch. Therefore, anaemia may have a negative effect on
exercise capacity of patients with severe COPD, while its influence on ventilatory
efficiency is little.

Apart from that, a strong positive correlation was found between Hb

concentration and Peak V O, in anemic patients (r=0.702, P<0.01), but no statistical
significant correlation was found with non anemic patients. All these results strongly

indicate that oxygen carrying capacity may depend upon the level of haemoglobin for
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the anemic patients and oxygen delivery is crucial for the maintenance of oxidative
metabolism. Previous study showed that in normal individuals, 15 g/dl of Hb carry
approximately 21 ml of oxygen per 100 ml of blood and a 3g/dl decrease in Hb levels
would result in a reduction of the total oxygen-carrying capacity by 4/100 ml.*?
Moreover, anaemia may result in limited oxygen supply with the consequent increase
in ventilatory drive. Among patients with COPD whose ventilatory reserve were
decreased, the accompanying increased ventilatory demand may result in dyspnoea.

There is increasing evidence regarding the impact of systemic inflammation on
COPD. In theory, it has been postulated that the pathophysiology of COPD-associated
anaemia might be an inflammatory and immunological response, mediated by IL-1,
IL-6, TNF-a and interferon gamma, which could make variations in iron metabolism,
reducing iron absorption thereby altering normal haematopoiesis.”>~* These mediators
increase in patients with COPD and could be regarded as factors related to the onset
of anaemia.”> One previous study has reported that anaemia in COPD is at least in part,
on account of inflammation and resistance to elevated levels of serum
ery’[hropoietin.3 6

Our study is not free of limitations. The proportion of female patients was small.
The significantly lower prevalence of COPD in females is the possible explanations
for this phenomenon. Moreover, the present data were derived from patients with
severe (GOLD stage III) COPD and thus cannot be applied to the overall population
of COPD patients. The reason why we choose severe (GOLD stage III) COPD
patients as our object of study is that patients with anaemia had a tendency to have
more severe COPD’*’, while very severe COPD patients may not manage to
complete CPET. Efforts should be made to further assess the prevalence of anaemia in
other stages of COPD.
Conclusions:

Our study demonstrated that COPD can be accompanied by anemia and implied
the potential correlations between anaemia in patients with COPD and respiratory
physiology utilizing PFT and CPET. The results indicated that both the function of gas

exchange and exercise capacity decreased in the severe COPD patients with anaemia
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compared with the patients without anaemia, while the influence of anaemia on
pulmonary ventilation function and ventilatory efficiency was little. Future studies are
needed in order to evaluate the possible therapeutic approaches in COPD patients with

anaemia.
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Figure captions

Figure 1. Figure 1A and 1B show the correlation between Peak V O, and Hb

concentration in COPD patients with and without anaemia respectively.

Significant positive correlation was found between Hb concentration and Peak VO,
in anemic patients (r=0.702, P<0.01) (FigurelA), but no statistical significant

correlation was found with nonanemic patients (r=0.055, P >0.05) (Figure1B).
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Table 1. Demographic and clinical characteristics of patients included in the study

Variable

Patients with low haemoglobin

Concentration (%)

Patients with normal haemoglobin

concentration (%)

Number of patients (n = 157) (%)
Sex

Age (years)

BMI (kg/m?)

Haemoglobin concentration (g/dL)
MCV({l)

Smoking index (Pack-years)

PH

PaCO, (mm Hg)

PaO, (mm Hg)

Sa0, (%)

48 (31%)
Men (M) 45(94%)
61.32+6.03
21.72+2.93
10.6 + 0.8*
85.9+9.1
43.58+7.70
7.3910.017
44.67+1.32
68.11+3.01
94.4410.94

109(69%)
Men (M)99 (91%)
60.82+7.13
22.18+2.15
12.9+ 1.1*
87.1+10.2
45.56+4.63
7.384+0.023
4431+1.28
67.33.13.62
94.77+1.13

PaO,= oxygen partial pressure; PaCO, = carbon dioxide partial pressure; MCV = Mean

corpuscular (erythrocyte) volume;

values represent numbers of patients or means+SD, as appropriate.

*p < 0.05, COPD patients with anaemia versus patients without anaemia using unpaired t test

Table 2.The comparison of pulmonary function indices in COPD patients with and without

anaemia

Variable Patients with low haemoglobin Patients with normal haemoglobin
concentration(n = 48) concentration(n = 109)

FEV, (L) 1.331+0.27 1.41+0.13

FEV; (% predicted) 42.15+7.53 43.28+5.72

FEV,/FVC (%) 41.3212.19 43.361+1.38

RV (L) 3.98+1.55 4.11+1.24

TLC (L) 7.821+0.93 7.11+1.78

RV/TLC (%) 60.121+6.78 53.27+6.79

IC (L) 1.521+0.47 1.611+0.43

DLco (L) 15.31+1.94* 17.101+2.05*

FEV,, forced expiratory volume in one second; FVC, forced vital capacity; TLC, total lung capacity; RV,

residual volume; IC, inspiratory capacity; DLco, carbon monoxide diffusion capacity corrected for Hb

concentration
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values represent numbers of patients or means+SD, as appropriate

*p < 0.05, COPD patients with anaemia versus patients without anaemia using unpaired t test

Table 3.The comparison of cardiopulmonary exercise testing parameters in COPD patients
with and without anaemia

Variable Patients with low haemoglobin Patients with normal haemoglobin
concentration concentration
PeakLoad (W) 66.36+16.62* 69.461+28.18*
Peak VO, (mb/min) 866.28 +274.32** 1180.42+319.18**
Peak VO, (%pred) 56.21+14.79** 69.11+18.72**
Peak VO,/Kg (mL/min/kg) 14.88+3.92* 18.72+3.86*
Peak VE (L/min) 37.89+6.33 36.71+5.42
2D,/ AWR slope (ml/min/watt) 8.02+1.03* 9.20+1.42*
Peak O, pulse (mL/beat) 7.881+2.63* 11.3+2.19*
Lowest VE/ VCO, 32.15+1.28 31.28+2.90
Peak VD/VT (%) 33.2+7.2 34.9+6.1

%pred = percent of predicted; vVO2= peak oxygen uptake; VE = minute ventilation; VCO2 =

carbon dioxide output; AO2/AWR slope =the ratio of VO?2 increase to WR increase;

VD/VT=dead space/tidal volume ratio
values represent numbers of patients or means+SD, as appropriate.

*P<0.05, **P<0.01, COPD patients with anaemia versus patients without anaemia using unpaired

t test
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Figure 1A and 1B show the correlation between Peak V. 02 and Hb concentration in COPD patients with and
without anaemia respectively.
Significant positive correlation was found between Hb concentration and Peak V. O2 in anemic patients
(r=0.702, P<0.01) (Figure1lA), but no statistical significant correlation was found with nonanemic patients
(r=0.055, P >0.05) (FigurelB).
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Recommendation

Title and abstract

1

Impact of anaemia on lung function and exercise capacity in patients

with stable severe COPD: an observational study

Introduction

Background/rationale

We sought to explore the gas exchange impairment severity in severe COPD
patients as such patients present with a lot of functional limitations and
comorbidities. We found that decreased haemoglobin has a negative correlation

with regards to gas exchange.

Objectives

To search for potential correlations between anaemia in patients with severe COPD
(GOLD stage 3) and pulmonary function at rest, exercise capacity, as well as
ventilatory efficiency, utilizing pulmonary function test (PFT) and
cardiopulmonary exercise testing (CPET).

Methods

Study design

Clinical Observational study

Setting

Study was undertaken at Shanghai pulmonary hospital, Tongji university. It caters
to a large population base within shanghai and serves referrals from centres in other
cities as well. Clinically stable outdoor patients of severe COPD (GOLD stage I1I)
between December 2011- November 2013.

Participants

Cohort study— The relevant population consisted of consecutive, clinically stable
patients with a diagnosis of severe COPD (GOLD stage III), who visited the
Respiratory Unit of Shanghai Pulmonary Hospital as outpatients between
December 2011 and November 2013. Patients were diagnosed as clinically stable if
they had had no hospital admission, exacerbation, respiratory infection or change in
medication three months prior to entering the study. They were followed up as
outpatients.

Variables

During the initial visit, all the patients with a potential or known diagnosis of
COPD underwent physical examination, arterial blood gas analysis (ABG) and
lung

function testing. All stable severe COPD patients (if 30% < FEV1 < 50% predicted
)

underwent peripheral venous blood sampling for a CBC. We used the levels of
haemoglobin as per the Chinese criteria, anaemia [haemoglobin (Hb) <12.0 g/dl for

males, and <11 g/dL for females.

Data sources/

measurement

We used the levels of haemoglobin as per the Chinese criteria, anaemia
[haemoglobin (Hb) <12.0 g/dl for males, and <11 g/dL for females. Pulmonary
function at rest, exercise capacity, as well as ventilatory efficiency was measured.
We used the GOLD criteria to include just GOLD III patients. For the CPET we
followed the ATS guidelines. The lab personnel and study authors were never in

consultation during or after the selection of subjects.

Bias

To limit observer bias lab personnel were never consulted during or after the
selection of consecutive subjects. Since we selected consecutive GOLD III stable
COPD patients from the outpatient services selection bias was limited as other co-

morbidities in inpatients were excluded.

Study size

10

We followed selected patients for about two years. Those meeting the defined

criteria’s and not lost to follow up or died were automatically dropped those

For peer review only - http://bmjopen1.bmj.com/site/about/guidelines.xhtml

‘yBuAdod Ag palosloid 1senb Ag 20z ‘2 Iudy uo jwoo fwg uadolwg//:dny wouy papeojumod ‘STOZ 1800100 8§ U0 §6Z800-ST0Z-uadolwag/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

©CoOoO~NOUTA,WNPE

e
[Ny

U OO A DMBEMBIAMDIMBAEDIAEMDIMNDMWOWWWWWWWWWWNNNDNNNNNNNRPRPRPERPREREREPR
QOO NOUPRWNRPOOO~NOOUOPRARWNPRPOOONOUUOPRARWNRPOOONOODURAWNRPOOO~NOOOWN

BMJ Open

remaining and willing to participate in further testing were included.

Quantitative variables

11 The subjects were divided as those with and those without anemia. We assessed the
ABG, PFT, CBC and CPET parameters in both groups to reach our conclusion.

Statistical methods

12 Statistical analysis was performed using SPSS 16.0. Parameters were expressed as
meant SD. Unpaired Student t test was used to identify differences
between groups, whereas x2 test was used to assess differences in categorical
variables between groups. Correlations between CPET parameters and Hb levels
were
determined by Pearson’s correlation test. P value of < 0.05 was considered
significant. Since we already had a set number of subjects included into the study
with complete relevant study reports we did not encounter missing data problems.

Also the study population were selected over a period of over two years no single
test parameter was used solely as a defining criteria to include them in the study.
Almost all had those test on multiple occasions.

Results
Participants 13 157 Chinese patients with stable severe COPD, divided into two groups: anemia group
[hemoglobin (Hb) <12.0 g/dl for males, and <11 g/dL for females (n=48)] and non-anemia
group (n=109) were included and followed up.
Descriptive 14 157 patients diagnosed with severe COPD (GOLD stage III) in outpatients were included. The
data demographic and clinical characteristics of patients are shown in the table:
[Variable Patients with low Patients with
haemoglobin normal
Concentration (% haemoglobin
) concentration
(%)
Number of 48 (31%) 109(69%)
[patients
Sex Men (M) 45(94%) Men (M)99 (91%)
/Age (years) 61.32£6.03 60.82+7.13
BMI (kg/m®)  [21.72+2.93 02.18+2.15
Haemoglobin 10.6 +£0.8* 129+ 1.1*
concentration
(g/dL)
IMCV(1l) 85.9+9.1 87.1+10.2
Smoking index 43.58+7.70 45.56£4.63
(Pack-years)
MCYV = Mean corpuscular (erythrocyte) volume;
values represent numbers of patients or means+SD, as appropriate.
*p < 0.05, COPD patients with anaemia versus patients without anaemia using unpaired t test
Outcome data 15*  Forty-eight (31%) patients had anemia that had a negative impact on gas exchange and
exercise tolerance during exercise in severe COPD patients.
Main results 16 (1) Diffusing capacity for carbon monoxide (DLCO) corrected by Hb was significantly lower

in anemia group [(15.3+1.9) ml/min/mmHg] than in non-anemia group [(17.142.1)
ml/min/mmHg] (P<0.05). Significant difference did not exist in the level of forced expiratory
volume in 1 second (FEV1), FEV1%pred, FEV1/ forced vital capacity (FVC), inspiratory
capacity (IC), residual volume (RV), total lung capacity (TLC) and RV/TLC (P>0.05).

(2) Peak Load, Peak oxygen uptake (VOZ), Peak VOZ%pred, Peak VO2/Kg, Peak O2 pulse
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and the ratio of VO2 increase to WR increase (AVOZ/AWR) were significantly lower in
anemia group(P<0.05), however, Peak minute ventilation (VE), Lowest VE/ carbon dioxide
output (VCOZ), Peak dead space/tidal volume ratio (VD/VT) were similar between the two
groups (P>0.05).

(3) A strong positive correlation was found between Hb concentration and Peak VO2 in
anemic patients. ( 1=0.702, P<0.01).

Other analyses

N/A

Discussion

Key results

Anemia had a negative impact on gas exchange and impaired exercise tolerance in severe
COPD patients.

Limitations

The proportion of female patients was small. Moreover, the present data were derived from
patients with severe (GOLD stage I1I) COPD and thus cannot be applied to the overall
population of COPD patients.

Interpretation

20

The results strongly indicate that oxygen carrying capacity may depend upon the level of
haemoglobin for the anemic patients and oxygen delivery is crucial for the maintenance of
oxidative metabolism. Previous study showed that in normal individuals, 15 g/dl of Hb carry
approximately 21 ml of oxygen per 100 ml of blood and a 3g/dl decrease in Hb levels would
result in a reduction of the total oxygen-carrying capacity by 4/100 ml. Moreover, anaemia
may result in limited oxygen supply with the consequent increase in ventilatory drive. Among
patients with COPD whose ventilatory reserve were decreased, the accompanying increased
ventilatory demand may result in dyspnoea.

The significantly lower prevalence of COPD in females is the possible explanations for the
small proportion of female patients. The reason why we choose severe (GOLD stage I1I)

COPD patients as our object of study is that patients with anaemia had a tendency to have
more severe COPD, while very severe COPD patients may not manage to complete CPET.

Our results corroborate with the study by Boutou et al, while contradicts the finding by Rutten

et al. The reason is that the patient profiles in our study is fundamentally different form that of

Rutten et al as we have taken a lower Hb cut off value to define anemia.

Generalisability

21

The results indicated that both the function of gas exchange and exercise capacity decreased in

the severe COPD patients with anaemia compared with the patients without anaemia, while the

influence of anaemia on pulmonary ventilation function and ventilatory efficiency was little.
Also applicability may be limited as we used a population specific criterion to define anemia.
Nevertheless the gas exchange results from this study in such patient groups (stable severe
anemic COPD, GOLD III) can serve as a reference for future investigators.

Other information

Funding

22

No external funding was used for this study. Also all authors declare no financial or other

conflicting interests.
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Impact of anaemia on lung function and exercise capacity in patients

with stable severe chronic obstructive pulmonary disease
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* This three authors contributed equally to this work

[ Abstract])

Objective: This study intended to search for potential correlations between anaemia
in patients with severe COPD (GOLD stage 3) and pulmonary function at rest,
exercise capacity, as well as ventilatory efficiency, utilizing pulmonary function test

(PFT) and cardiopulmonary exercise testing (CPET).

Setting: Study was undertaken at Shanghai pulmonary hospital, a tertiary level centre
affiliated to Tongji University. It caters to a large population base within shanghai and

referrals from centers in other cities as well.
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Participants: 157 Chinese patients with stable severe COPD were divided into two
groups: anemia group [hemoglobin (Hb) <12.0 g/dl for males, and <11 g/dL for

females (n=48)] and non-anemia group (n=109).

Primary and secondary outcome measures: Arterial blood gas (ABG), PFT and

CPET were tested in all patients.

Results: (1) Diffusing capacity for carbon monoxide (DLco) corrected by Hb was
significantly lower in anemia group [(15.3£1.9) ml/min/mmHg] than in non-anemia
group [(17.1£2.1) ml/min/mmHg] (P<0.05). Significant difference did not exist in the
level of forced expiratory volume in 1 second (FEV,), FEV%pred, FEV// forced vital
capacity (FVC), inspiratory capacity (IC), residual volume (RV), total lung capacity

(TLC) and RV/TLC (P>0.05). (2) Peak Load, Peak oxygen uptake (\7 0,), Peak \%
0,%pred, Peak \Y 0,/Kg, Peak O, pulse and the ratio of \Y% O, increase to WR increase
(AV O,/AWR) were significantly lower in anemia group(P<0.05), however, Peak

minute ventilation (VE), Lowest V E/ carbon dioxide output (V CO,), Peak dead

space/tidal volume ratio (VD/VT) were similar between the two groups (P>0.05). (3)

A strong positive correlation was found between Hb concentration and Peak V O, in

anemic patients. ( r=0.702, P<0.01).

Conclusion: Anemia has a negative impact on gas exchange and exercise tolerance
during exercise in severe COPD patients. The decrease amplitude of Hb levels is

related to the quantity of oxygen uptake.

[ Key words] anemia; chronic obstructive pulmonary disease; cardiopulmonary

exercise test; hemoglobin

Article summary
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Heading: Impact of anaemia on lung function and exercise capacity in patients with

stable severe chronic obstructive pulmonary disease

This study searched for potential correlations between anaemia in patients with
severe COPD (GOLD stage 3) and pulmonary function at rest, exercise capacity, as
well as ventilatory efficiency. Our results show that anemia has a negative impact on
gas exchange and exercise capacity in severe COPD patients. The decrease amplitude
of Hb levels is related to the quantity of oxygen uptake. Although cardiopulmonary
exercise testing (CPET) parameters have been widely used to grade the severity of
exercise limitation and provide a quantitative assessment on patients’ ventilator
response and cardiovascular response during exercise, all of which might be impaired
due to anemia. It has seldom been utilized for functional assessment of COPD patients
with anemia. The limitations of the study is that the present data were derived from
patients with severe (GOLD stage III) COPD and thus cannot be applied to the overall

population of COPD patients.
Introduction

Chronic obstructive pulmonary disease (COPD) affects various functional and
structural domains of the lungs and is recognized as a systemic disease, frequently
present in addition to other diseases.' Polycythemia, traditionally thought to be highly
prevalent in COPD, is less frequent nowadays with more rigorous correction of
hypoxaemia.” Reversely, recent research show that anaemia is highly prevalent in
patients with COPD. **

Anemia, which is a well recognized comorbidity in many chronic illnesses
occurs in 10-30% of COPD patien1:s.3'12 Anemia has been related with increased
mortality and morbidity including increased health care costs and hospitalization.*?
Although cardiopulmonary exercise testing (CPET) parameters have been widely
used to grade the severity of exercise limitation and provide a quantitative assessment
on patients’ ventilator response and cardiovascular response during exercise," all of
which might be impaired due to anemia. It has seldom been utilized for functional

assessment of COPD patients with anemia. The present study is the first to
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investigate the impact of anaemia in COPD patients utilizing CPET in a Chinese
population. The aims of our study were to (1) investigate the prevalence of anemia in
stable severe COPD patients and (2) evaluate the impact of anemia on
pulmonary function at rest, ventilatory efficiency and exercise capacity in COPD

patients, utilizing PFT and CPET.

MATERIALS AND METHODS
Study subjects

The relevant population consisted of consecutive, clinically stable patients with a
diagnosis of severe COPD (GOLD stage III) " who visited the Respiratory Unit of
Shanghai Pulmonary Hospital as outpatients between December 2011 and November
2013. Patients were diagnosed as clinically stable if they had had no hospital
admission, exacerbation, respiratory infection or change in medication three months
prior to entering the study. Exclusion criteria included: (1) a history of bronchiectasis,
asthma or other concomitant respiratory diseases; (2) a diagnosis of malignancy; 3)
inability to complete CPET according to the American Thoracic Society/American
College of Chest Physicians guidelines,'® such as unstable angina, acute myocardial
infarction, uncontrolled arrhythmias causing symptoms and orthopedic impairment;
and 4) any disease that could affect haemoglobin levels (thyroid disease, liver disease,
chronic renal failure, chronic heart failure, previous history of gastrointestinal
bleeding and chronic inflammatory rheumatic disease). Anaemia was defined as the

presence of haemoglobin levels <12 g/dL in males and <11 g/dL in females according

to China-specific criteria'®. The study was approved by the hospital Ethics Committee.

Informed consent was obtained from all patients before undergoing any study
procedure.
Study Procedures
During the initial visit, all the patients with a potential or known diagnosis of
COPD underwent physical examination, arterial blood gas analysis (ABG) and lung
function testing. All stable severe COPD patients (if 30% < FEV1 < 50% predicted )

underwent peripheral venous blood sampling to determine full blood count, liver
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transaminase, total protein (albumin and globulin), thyroid hormone, serum levels of
urea and creatinine. Patients who were subsequently presented with abnormal
thyroid hormone values (either high or low), glomerular filtration rate (GFR) below
60mL/min'” and increased liver enzymes twice the upper limit of normal were
excluded. The included patients in the study visited the outpatient clinic within two
weeks from the initial visit and performed CPET.
Arterial blood gas analysis and resting pulmonary function measurements
ABG measurements such as PH, partial pressure of oxygen (PaO;), partial
pressure of carbon dioxide (PaCO,) and arterial oxygen saturation (SaO,) were taken
just after 10 minutes of rest. Each subject underwent resting PFT of forced vital
capacity (FVC), forced expiratory volume in lsecond (FEV)), inspiratory capacity
(IC), diffusing capacity for carbon monoxide (DLco) corrected by Hb, residual
volume (RV) and total lung capacity (TLC) using standard methodologyl12 and
equipment (Jaeger Corp., Hoechberg, Germany). All resting lung function values were
reported in absolute terms and normalized to percent of predicted (% pred). Predicted
spirometry values were calculated using accepted equations for Chinese adults."®
Cardiopulmonary exercise test measurements
All the patients performed on a cycle ergometer using a breath-by-breath system
according to the American Thoracic Society/American College of Chest Physicians
Statement on CPET."” The equipment was calibrated in accordance with
manufacturer’s specifications using reference and calibration gases before each test.
Standard 12 lead electrocardiograms (ECGs) and pulse oximetry were continuously
monitored. Arterial blood pressure (BP) was measured every two minutes with an
automatic cuff. The protocol was comprised of three minutes of rest, three minutes of
unloaded cycling at 55-65 revolutions per minute (rpm), followed by a progressively
increasing work rate of 5 to 15 watts (W)/min for the COPD patients, and four
minutes of recovery.'®
Most CPET values were reported in absolute terms and normalized to percentage

of predicted (% pred). Predicted values were calculated using accepted equations.'’
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CPET variables including oxygen uptake (VO,), minute ventilation (VE), carbon
dioxide output (VCO,), workload (WR) and dead space/tidal volume ratio (VD/VT)

were calculated at peak exercise. PeakVO, was defined as the highest 30-second

average of oxygen uptake in the last minute of exercise and other peak parameters

were calculated at the same time. Lowest VE/VCO, was determined by averaging the

lowest consecutive 90 sec data points.*
Statistical analysis

Statistical analysis was performed using SPSS (version 16, SPSS, Chicago).
Parameters were expressed as meant SD. Most PFT and CPET values are expressed
in absolute terms and % pred. Unpaired Student t test was used to identify differences
between groups, whereas y” test was used to assess differences in categorical
variables between groups. Correlations between CPET parameters and Hb levels were
determined by Pearson’s correlation test. P value of < 0.05 was considered significant.
Results
Baseline clinical and demographic characteristics

One hundred and fifty-seven patients diagnosed with severe COPD (GOLD stage
IIT) in outpatients were included. The vast majority (93%) of patients in the dataset
were males. The mean age was 61 years. The characteristics of the anemic and non
anemic COPD patients are presented in Table 1. Forty-eight (31%) patients from this
population fulfilled laboratory criteria for anemia, therefore, the prevalence of anemia
among stable COPD (GOLD stage III) outpatients in our study was 31%. The Hb
level for anemic patients was 10.6 = 0.8g/dl. No difference was noted in BMI, ages,
pack-years of smoking and arterial blood gas analysis parameters ( PH.PaO, .PaCO,
or Sa0;) between anemic and non anemic patients.
Resting pulmonary function measurements

The PFT parameters of the anemic and non anemic patients are presented in
Tables 2. There was no statistical significance in FEV|.FEV,%pred .FEV/FVC.IC.

RV, TLC. RV/TLC between the two groups, indicating resting pulmonary ventilation
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function was similar to each other. However, DLco corrected by Hb was significantly
lower among anemic patients compared to nonanemic patients.
Cardiopulmonary exercise testing

All individuals completed their CPET studies without incident. Nearly all
patients stopped exercise because of leg fatigue and/or acute shortness of breath. All
subjects achieved a respiratory exchange ratio (RER) >1.10, indicating sufficient
metabolic stress. Because the anaerobic threshod (AT) may not be determined by
V-slope method®' or the interpreter may feel that the AT is unreliable after reviewing

an exercise test in a substantial number of severe COPD patients, CPET variables

including VO,, VE, VCO,, workload, and VD/VT were calculated at peak exercise

without AT. Exercise responses of all the COPD patients at peak are presented in

Table 3. Overall, there was a negative impact of anemia on exercise capacity.

Peakload, Peak \Y4 O,, Peak \Y4 0,/Kg, Peak VO, pulse, and the ratio of VO, increase

to WR increase (AVO, /AWR slope) were significantly lower among anemic patients

compared with non anemic patients. None of the exercise parameters indicative of

respiratory limitation and ventilatory efficiency (Peak V E, Lowest V E/ V CO,, Peak
VD/VT) differed between the two groups.

Correlations

PeakVO, is frequently used as the most reliable measure of overall exercise

capacity, so we choose Peak VO, as the typical CPET parameters to investigate for

potential associations between Hb levels and exercise capacity. The correlations

between Hb concentration and Peak V O, for the anemic and non anemic COPD

patients are shown in Figure 1. A strong positive correlation was found between Hb

concentration and Peak V O, in anemic patients ( =0.702, P<0.01) (FigurelA) , but
no statistical significant correlation was found with non anemic patients ( r=0.055,

P>0.05) (figure1B).
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Discussions

In the current study, anaemia was present in 31% of severe COPD patients. The
prevalence of anaemia was higher than in patients from previous studies "', possibly
as the study population comprised of patients with more severe COPD. The result
confirms that anaemia is a common phenomenon in patients with severe COPD. The
main aim of the present study was to search for potential correlations between
anaemic severe COPD patients and resting pulmonary function, exercise capacity, as
well as ventilatory efficiency based on PFT and CPET.

The usual PFT parameters like FEV,, FEV % pred, FEV,/FVC, IC, RV, TLC and
RV/TLC of the two groups were similar to each other except for DLco corrected by
Hb. A severe obstructive pattern characterized the population studied. The finding that
patients in the anaemia group had significant lower DLco values (corrected by Hb)
(P<0.05) indicates that the decreased level of haemoglobin may affect the rate of
oxygen uptake across the alveolar-capillary bed and reduce the diffusing capacity of
the lungs, without having obvious influence on the pulmonary ventilation function.
Studies examining the effect of just anemia or anemia combined with disorder of the
alveolocapillary membrane consistently mention that anemia does affect the
diffusion capacity but the defect of the respiratory membrane on diffusing capacity
is greater.”” In the present study we have patients with anemia and additionally
defect with the respiratory membrane as is common in COPD, both contributing to the
reduced DLCO as noted. The initial poor correlation with blood gases in this study
we think is because the compensatory mechanisms are not yet fully dysfunctional and
the anemia not severe. Also all patients in the study were clinically stable and
under adequate medication.

Although anaemia has been associated with dyspnoea and reduced exercise
tolerance in patients with chronic kidney disease, heart failure and cancer,”**° few
studies have been published concerning the effect of anaemia on exercise capacity in
COPD patients. Cote et al studied patients with stable COPD, observed that the
presence of anaemia affects the general feeling of dyspnoea measured in the MRC

. . . 27
scale and concluded that anaemia decreases exercise tolerance measured in 6MWT.
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However, the present study is the first to investigate the impact of anaemia on
exercise capacity and ventilatory efficiency of severe COPD patients utilizing CPET
in Chinese population.

On the one hand, the present study showed that anemic patients with severe

COPD had lower PeakLoad, Peak V O, (%pred), Peak V 0,/Kg, AO,/AWR slope and

Peak oxygen pulse (O, pulse) compared with the non anemic ones, demonstrating the

negative effect of anemia on exercise capacity. Peak VO, is frequently used as the

most reliable measure of overall exercise capacity. By Fick’s principle’***°, V 0, =
cardiac output*arteriovenous O, difference, the arteriovenous O, difference is
dependent on the availability of hemoglobin, blood oxygenation in the lung, and
extraction of oxygen in the periphery. For a given increase in cardiac output, the

anemic patient, who has decreased level of haemoglobin and arterial O, concentration,

will have a lower Peak V O,. O, pulse is the quotient of the V O and heart rate. AV

0,/AWR slope is an important measurement to evaluate exercise capacity in patients
with heart disease. The decreased AVO,/AWR slope is a marker of decreased aerobic
exercise capacity caused by decreased oxygen transport.”’ In our study, we found that
COPD patients with anemia had a lower AVO,/AWR slope than those without anemia.
This result further confirmed that anemic patients may have a more serious limitation
in exercise capacity than non anemic patients, which corroborate with the study by
Boutou et al.>> However, we have just included subjects with GOLD III rather than
theirs which included other groups as well. This study also differs in the fact that we
have a larger sample size and the anemia cut off values were pertinent to the Chinese
population rather than WHO defined general cut off values for anemia. The study by
Rutten et al showed the 6MWD and the BODE score were not different among the
patients with and without anemia which contradicts our finding.>> However, the
patient profiles in our study is fundamentally different form that of Rutten et al as we
have taken a lower Hb cut off value to define anemia. Nevertheless the patients in our

study have much lower Hb levels on average indicating the degree of anemia was
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more severe. On the other hand, there were no differences in CPET parameters as
Peak V E, Lowest V E/ V CO,, Peak VD/VT (%) between the two groups. Both Peak

VD/VT and Lowest V E/ V CO, indicate the ventilatory efficiency of oxygen uptake
and carbon dioxide elimination in patients, mainly due to the limitation of blood flow
perfusion, i.e. Q/VA mismatch. Therefore, anaemia may have a negative effect on
exercise capacity of patients with severe COPD, while its influence on ventilatory
efficiency is little.

Apart from that, a strong positive correlation was found between Hb

concentration and Peak V O, in anemic patients (r=0.702, P<0.01), but no statistical
significant correlation was found with non anemic patients. All these results strongly
indicate that oxygen carrying capacity may depend upon the level of haemoglobin for
the anemic patients and oxygen delivery is crucial for the maintenance of oxidative
metabolism. Previous study showed that in normal individuals, 15 g/dl of Hb carry
approximately 21 ml of oxygen per 100 ml of blood and a 3g/dl decrease in Hb levels
would result in a reduction of the total oxygen-carrying capacity by 4/100 ml.*
Moreover, anaemia may result in limited oxygen supply with the consequent increase
in ventilatory drive. Among patients with COPD whose ventilatory reserve were
decreased, the accompanying increased ventilatory demand may result in dyspnoea.
Our study is not free of limitations. The proportion of female patients was small.
The significantly lower prevalence of COPD in females is the possible explanations
for this phenomenon. Moreover, the present data were derived from patients with
severe (GOLD stage III) COPD and thus cannot be applied to the overall population
of COPD patients. The reason why we choose severe (GOLD stage III) COPD
patients as our object of study is that patients with anaemia had a tendency to have

32,35
more severe COPD™

, while very severe COPD patients may not manage to
complete CPET. Efforts should be made to further assess the prevalence of anaemia in
other stages of COPD.

Conclusions:

Our study demonstrated that COPD can be accompanied by anemia and implied
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the potential correlations between anaemia in patients with COPD and respiratory
physiology utilizing PFT and CPET. The results indicated that both the function of gas
exchange and exercise capacity decreased in the severe COPD patients with anaemia
compared with the patients without anaemia, while the influence of anaemia on
pulmonary ventilation function and ventilatory efficiency was little. Future studies are
needed in order to evaluate the possible therapeutic approaches in COPD patients with

anaemia.
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Figure captions

Figure 1. Figure 1A and 1B show the correlation between Peak V O, and Hb

concentration in COPD patients with and without anaemia respectively.

Significant positive correlation was found between Hb concentration and Peak VO,
in anemic patients (r=0.702, P<0.01) (FigurelA), but no statistical significant

correlation was found with nonanemic patients (r=0.055, P >0.05) (Figure1B).
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Table 1. Demographic and clinical characteristics of patients included in the study

Variable

Patients with low haemoglobin

Concentration (%)

Patients with normal haemoglobin

concentration (%)

Number of patients (n = 157) (%)
Sex

Age (years)

BMI (kg/m?)

Haemoglobin concentration (g/dL)
MCV({1)

Smoking index (Pack-years)

PH

PaCO, (mm Hg)

PaO, (mm Hg)

Sa0, (%)

48 (31%)
Men (M) 45(94%)
61.32+6.03
21.72+2.93
10.6 + 0.8*
85.9+9.1

43.58+7.70
7.3910.017
44.67+1.32
68.11+3.01
94.4410.94

109(69%)
Men (M)99 (91%)
60.82+7.13
22.18+2.15
12.9+1.1%*
87.1+10.2
45.5614.63
7.381+0.023
44.31+1.28
67.33.1+3.62
94.77+1.13

PaO,= oxygen partial pressure; PaCO, = carbon dioxide partial pressure; MCV = Mean

corpuscular (erythrocyte) volume;

values represent numbers of patients or means+SD, as appropriate.

*p < 0.05, COPD patients with anaemia versus patients without anaemia using unpaired t test

Table 2.The comparison of pulmonary function indices in COPD patients with and without

anaemia

Variable Patients with low haemoglobin Patients with normal haemoglobin
concentration(n = 48) concentration(n = 109)

FEV, (L) 1.33+0.27 1.41+0.13

FEV, (% predicted) 42.15+7.53 43.28+5.72

FEV,/FVC (%) 41.32+2.19 43.36+1.38

RV (L) 3.98+1.55 4.11+1.24

TLC (L) 7.8210.93 7.11+1.78

RV/TLC (%) 50.121+6.78 53.27+6.79

IC (L) 1.521+0.47 1.611+0.43

DLeo (L) 15.311+1.94* 17.10+2.05*

FEV,, forced expiratory volume in one second; FVC, forced vital capacity; TLC, total lung capacity; RV,

residual volume; IC, inspiratory capacity; DLco, carbon monoxide diffusion capacity corrected for Hb

concentration

values represent numbers of patients or means+SD, as appropriate

*p < 0.05, COPD patients with anaemia versus patients without anaemia using unpaired t test
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Table 3.The comparison of cardiopulmonary exercise testing parameters in COPD patients

with and without anaemia

Variable

Patients with low haemoglobin

concentration

Patients with normal haemoglobin

concentration

PeakLoad (W)

Peak VO, (ml/min)
Peak VO, (%pred)
Peak VO,/Kg (mL/min/kg)

Peak VE (L/min)

A,/ AWR slope (ml/min/watt)

Peak O, pulse (mL/beat)

Lowest VE/ VCO,

Peak VD/VT (%)

66.361-16.62*

866.28 +274.32**

56.211+14.79**

14.88 +3.92*

37.891+6.33

8.021+1.03*

7.88+2.63*

32.15+1.28

33.2+7.2

69.46128.18*

1180.421319.18**

69.111+18.72**

18.72+3.86*

36.711+5.42

9.20+1.42*

11.31+2.19*

31.28+2.90

34.9+6.1

%pred = percent of predicted; VO2 = peak oxygen uptake; VE = minute ventilation; VCO2=

carbon dioxide output; AO2/AWR slope =the ratio of VO2 increase to WR increase;

VD/VT=dead space/tidal volume ratio
values represent numbers of patients or means+SD, as appropriate.

*P<0.05, **P<0.01, COPD patients with anaemia versus patients without anaemia using unpaired

t test
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Figure 1A and 1B show the correlation between Peak V. 02 and Hb concentration in COPD patients with and
without anaemia respectively.
Significant positive correlation was found between Hb concentration and Peak V. O2 in anemic patients
(r=0.702, P<0.01) (Figure1lA), but no statistical significant correlation was found with nonanemic patients
(r=0.055, P >0.05) (FigurelB).
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1

Impact of anaemia on lung function and exercise capacity in patients

with stable severe COPD: an observational study

Introduction

Background/rationale

We sought to explore the gas exchange impairment severity in severe COPD
patients as such patients present with a lot of functional limitations and
comorbidities. We found that decreased haemoglobin has a negative correlation

with regards to gas exchange.

Objectives

To search for potential correlations between anaemia in patients with severe COPD
(GOLD stage 3) and pulmonary function at rest, exercise capacity, as well as
ventilatory efficiency, utilizing pulmonary function test (PFT) and
cardiopulmonary exercise testing (CPET).

Methods

Study design

Clinical Observational study

Setting

Study was undertaken at Shanghai pulmonary hospital, Tongji university. It caters
to a large population base within shanghai and serves referrals from centres in other
cities as well. Clinically stable outdoor patients of severe COPD (GOLD stage I1I)
between December 2011- November 2013.

Participants

Cohort study— The relevant population consisted of consecutive, clinically stable
patients with a diagnosis of severe COPD (GOLD stage III), who visited the
Respiratory Unit of Shanghai Pulmonary Hospital as outpatients between
December 2011 and November 2013. Patients were diagnosed as clinically stable if
they had had no hospital admission, exacerbation, respiratory infection or change in
medication three months prior to entering the study. They were followed up as
outpatients.

Variables

During the initial visit, all the patients with a potential or known diagnosis of
COPD underwent physical examination, arterial blood gas analysis (ABG) and
lung

function testing. All stable severe COPD patients (if 30% < FEV1 < 50% predicted
)

underwent peripheral venous blood sampling for a CBC. We used the levels of
haemoglobin as per the Chinese criteria, anaemia [haemoglobin (Hb) <12.0 g/dl for

males, and <11 g/dL for females.

Data sources/

measurement

We used the levels of haemoglobin as per the Chinese criteria, anaemia
[haemoglobin (Hb) <12.0 g/dl for males, and <11 g/dL for females. Pulmonary
function at rest, exercise capacity, as well as ventilatory efficiency was measured.
We used the GOLD criteria to include just GOLD III patients. For the CPET we
followed the ATS guidelines. The lab personnel and study authors were never in

consultation during or after the selection of subjects.

Bias

To limit observer bias lab personnel were never consulted during or after the
selection of consecutive subjects. Since we selected consecutive GOLD III stable
COPD patients from the outpatient services selection bias was limited as other co-

morbidities in inpatients were excluded.

Study size

10

We followed selected patients for about two years. Those meeting the defined

criteria’s and not lost to follow up or died were automatically dropped those
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remaining and willing to participate in further testing were included.

Quantitative variables

11 The subjects were divided as those with and those without anemia. We assessed the
ABG, PFT, CBC and CPET parameters in both groups to reach our conclusion.

Statistical methods

12 Statistical analysis was performed using SPSS 16.0. Parameters were expressed as
meant SD. Unpaired Student t test was used to identify differences
between groups, whereas x2 test was used to assess differences in categorical
variables between groups. Correlations between CPET parameters and Hb levels
were
determined by Pearson’s correlation test. P value of < 0.05 was considered
significant. Since we already had a set number of subjects included into the study
with complete relevant study reports we did not encounter missing data problems.

Also the study population were selected over a period of over two years no single
test parameter was used solely as a defining criteria to include them in the study.
Almost all had those test on multiple occasions.

Results
Participants 13 157 Chinese patients with stable severe COPD, divided into two groups: anemia group
[hemoglobin (Hb) <12.0 g/dl for males, and <11 g/dL for females (n=48)] and non-anemia
group (n=109) were included and followed up.
Descriptive 14 157 patients diagnosed with severe COPD (GOLD stage III) in outpatients were included. The
data demographic and clinical characteristics of patients are shown in the table:
[Variable Patients with low Patients with
haemoglobin normal
Concentration (% haemoglobin
) concentration
(%)
Number of 48 (31%) 109(69%)
[patients
Sex Men (M) 45(94%) Men (M)99 (91%)
/Age (years) 61.32£6.03 60.82+7.13
BMI (kg/m®)  [21.72+2.93 02.18+2.15
Haemoglobin 10.6 +£0.8* 129+ 1.1*
concentration
(g/dL)
IMCV(1l) 85.9+9.1 87.1+10.2
Smoking index 43.58+7.70 45.56£4.63
(Pack-years)
MCYV = Mean corpuscular (erythrocyte) volume;
values represent numbers of patients or means+SD, as appropriate.
*p < 0.05, COPD patients with anaemia versus patients without anaemia using unpaired t test
Outcome data 15*  Forty-eight (31%) patients had anemia that had a negative impact on gas exchange and
exercise tolerance during exercise in severe COPD patients.
Main results 16 (1) Diffusing capacity for carbon monoxide (DLCO) corrected by Hb was significantly lower

in anemia group [(15.3+1.9) ml/min/mmHg] than in non-anemia group [(17.142.1)
ml/min/mmHg] (P<0.05). Significant difference did not exist in the level of forced expiratory
volume in 1 second (FEV1), FEV1%pred, FEV1/ forced vital capacity (FVC), inspiratory
capacity (IC), residual volume (RV), total lung capacity (TLC) and RV/TLC (P>0.05).

(2) Peak Load, Peak oxygen uptake (VOZ), Peak VOZ%pred, Peak VO2/Kg, Peak O2 pulse
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and the ratio of VO2 increase to WR increase (AVOZ/AWR) were significantly lower in
anemia group(P<0.05), however, Peak minute ventilation (VE), Lowest VE/ carbon dioxide
output (VCOZ), Peak dead space/tidal volume ratio (VD/VT) were similar between the two
groups (P>0.05).

(3) A strong positive correlation was found between Hb concentration and Peak VO2 in
anemic patients. ( 1=0.702, P<0.01).

Other analyses

N/A

Discussion

Key results

Anemia had a negative impact on gas exchange and impaired exercise tolerance in severe
COPD patients.

Limitations

The proportion of female patients was small. Moreover, the present data were derived from
patients with severe (GOLD stage I1I) COPD and thus cannot be applied to the overall
population of COPD patients.

Interpretation

20

The results strongly indicate that oxygen carrying capacity may depend upon the level of
haemoglobin for the anemic patients and oxygen delivery is crucial for the maintenance of
oxidative metabolism. Previous study showed that in normal individuals, 15 g/dl of Hb carry
approximately 21 ml of oxygen per 100 ml of blood and a 3g/dl decrease in Hb levels would
result in a reduction of the total oxygen-carrying capacity by 4/100 ml. Moreover, anaemia
may result in limited oxygen supply with the consequent increase in ventilatory drive. Among
patients with COPD whose ventilatory reserve were decreased, the accompanying increased
ventilatory demand may result in dyspnoea.

The significantly lower prevalence of COPD in females is the possible explanations for the
small proportion of female patients. The reason why we choose severe (GOLD stage I1I)

COPD patients as our object of study is that patients with anaemia had a tendency to have
more severe COPD, while very severe COPD patients may not manage to complete CPET.

Our results corroborate with the study by Boutou et al, while contradicts the finding by Rutten

et al. The reason is that the patient profiles in our study is fundamentally different form that of

Rutten et al as we have taken a lower Hb cut off value to define anemia.

Generalisability

21

The results indicated that both the function of gas exchange and exercise capacity decreased in

the severe COPD patients with anaemia compared with the patients without anaemia, while the

influence of anaemia on pulmonary ventilation function and ventilatory efficiency was little.
Also applicability may be limited as we used a population specific criterion to define anemia.
Nevertheless the gas exchange results from this study in such patient groups (stable severe
anemic COPD, GOLD III) can serve as a reference for future investigators.

Other information

Funding

22

No external funding was used for this study. Also all authors declare no financial or other

conflicting interests.
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