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REVIEW

The potential impact of anaemia of chronic
disease in COPD

T. Similowski*, A. Agusti”, W. MacNee' and B. Schonhofer"

ABSTRACT: Anaemia of chronic disease (ACD), with chronically low levels of circulating
haemoglobin, is an immune driven abnormality that occurs in many inflammatory diseases, and
also in chronic heart failure. Although chronic obstructive pulmonary disease (COPD) is
“traditionally”’ associated with polycythaemia, the systemic inflammation that is now
recognised as a feature of COPD makes it a possible cause of ACD. If present in COPD,
anaemia could worsen dyspnoea and limit exercise tolerance.

Preliminary evidence suggests that anaemia in COPD patients may be more prevalent than
expected, concerning 10-15% of patients suffering from severe forms of the disease. A database
study conducted in 2,524 COPD patients being prescribed long-term oxygen therapy has shown
that a low haematocrit is a strong predictor of survival in this population, before body mass index,
and is associated with more hospitalisations and a longer cumulative duration of hospitalisation.
COPD patients with low haemoglobin levels have a poorer prognosis than COPD patients with
normal haemoglobin levels in the event of acute gastrointestinal bleeding or after elective
aneurysm repair. Raising haemoglobinaemia through transfusion decreases minute ventilation
and work of breathing in COPD patients.

These preliminary evidences point to the need to study the prevalence of anaemia, and its
physiological and clinical impact in chronic obstructive pulmonary disease. When this body of
knowledge is available, the question of the putative benefits of raising haemoglobinaemia in
chronic obstructive pulmonary disease will have to be addressed.

KEYWORDS: Anaemia, anaemia of chronic disease, chronic obstructive pulmonary disease,
erythropoietin

markers, cytokines and chemokines in some
patients [5-7], with inflammatory peaks during
exacerbations [8, 9]. However, COPD is com-
monly considered as a cause of polycythaemia
rather than of anaemia. Recent reports may
challenge this view. The World Health
Organization (WHO) defines anaemia as a

any chronic diseases have been shown
M to affect haematopoiesis, resulting in
shortening of red blood cell (RBC)
lifespan and sequestration of iron in macro-
phages, and leading to the so-called anaemia of

chronic disease [1]. Over the past few years, the
clinical scope of this syndrome has stretched

beyond its traditional chronic infectious, inflam-
matory and neoplastic causes, to include heart
failure [2]. In heart failure, an association
between anaemia of chronic disease (ACD) and
mortality is likely [3].

Theoretically, chronic obstructive pulmonary
disease (COPD) is another candidate likely to be
associated with ACD, when considered in rela-
tion to the already-known systemic effects of the
disease [4]. This is suggested by the systemic
inflammation that is common in COPD and can
be evidenced by raised levels of inflammatory
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haematocrit level <39% in males and 36% in
females [10]. Yet, in the COPD population from
which CEeLLI et al. [11] derived the prognostic
value of the BODE index (body mass index,
airflow obstruction, dyspnoea and exercise capa-
city), the average haematocrit value of the
patients who died was 39+5%. Amongst 101
patients with an average forced expiratory
volume in one second (FEV1) of 37+2% pre-
dicted, JoHN et al. [12] found a prevalence of
anaemia of 13%. In a database cohort of 2,524
COPD patients being prescribed long-term oxy-
gen therapy for the first time, CHAMBELLAN et al.
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[13] reported a prevalence of anaemia of 12.6% in males and
8.2% in females, higher than that of polycythaemia defined by
an haematocrit level >54% (8.4% of the patients). These data
are not sufficient to ascertain the prevalence of anaemia in
COPD in general and to determine whether or not it is greater
than in matched control populations. Nevertheless, they do
suggest that anaemia in COPD patients should be the object of
intensified research in the near future, and that pulmonary
physicians should be aware of its putative mechanisms and
clinical consequences.

This review first summarises the mechanisms of ACD, then
relates existing data on systemic inflammation in COPD to
these mechanisms and, finally, considers what the clinical
impact of anaemia could be in patients with COPD.

MECHANISMS OF ANAEMIA OF CHRONIC DISEASE: AN
OVERVIEW

ACD is immune driven and mainly inflammatory in nature [1].
From a pathophysiological point of view, there are three
putative mechanisms that are thought to lead to ACD, namely:
shortened RBC survival, iron homeostasis dysregulation and
impaired bone marrow erythropoietic response [1, 2, 14].

Shortened RBC survival is thought to occur as a result of raised
levels of the cytokines interleukin (IL)-1 and tumour necrosis
factor (TNF). An inverse correlation has been shown between
IL-1 and RBC survival in anaemic patients with rheumatoid
arthritis [15]. In animal models and in vitro studies, TNF has
also been implicated in reducing RBC survival [16]. These
cytokines blunt the erythropoietin (EPO) response to physio-
logical stimuli that tend to increase EPO production [17]. In
turn, the decreased availability of EPO causes neocytolysis, or
selective haemolysis of the nascent RBCs [18]. This, hypothe-
tically at least, contributes to the shortened RBC life seen in
ACD.

Impaired iron mobilisation or utilisation is thought to be a
result of upregulation of ferritin mRNA, caused by the
circulating cytokines IL-1 and interferon (INF)-y. This increases
translation of ferritin, trapping iron that would otherwise be
available for erythropoiesis [19]. Erythropoiesis is also inhibi-
ted by downregulation and internalisation of the transferrin
receptor. The cytokines TNF and IL-1 are also thought to be
involved in impeding iron utilisation through other unknown
mechanisms [14].

Finally, impaired marrow erythropoietic response is thought to
be the result of IL-1, TNF-o and transforming growth factor-f
inhibiting renal EPO production. IL-1, TNF-o and INF-y also
inhibit the erythroid progenitor response to EPO, and INF-y
causes apoptosis of the erythroid progenitors (a result of a
process possibly mediated by ceramide and nitric oxide). At
the protein and mRNA levels, INF-y also downregulates EPO
receptor expression [2, 14].

Several cytokines and chemokines therefore interfere at
different levels in haematopoiesis, and thus have a key role
in ACD. Indeed, raised cytokines in anaemic patients have
been demonstrated in clinical studies. Research from 105
patients with ACD and rheumatoid arthritis, and 127 non-
anaemic but arthritic controls established that TNF-o, IL-1P
and IL-6 serum levels were significantly higher in patients with
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ACD than those without [20]. However, further research into
the exact nature of the pathogenesis of ACD and the interplay
between the different mechanisms outlined above, will be
necessary to elucidate these complex pathophysiological
mechanisms and, hence, to develop appropriate therapeutic
regimens for these patients.

COPD AS A PUTATIVE CAUSE OF ANAEMIA OF
CHRONIC DISEASE

Increased inflammation in the lungs, but also a systemic
inflammatory response is now a well-established concept in
COPD [5-7, 21]. In brief, patients with COPD often exhibit
raised levels of inflammatory markers in the peripheral
blood (C-reactive protein (CRP), fibrinogen, leukocytes, pro-
inflammatory cytokines such as IL-1pB, IL-6 or TNF-0, chemo-
kines such as IL-8, and monocyte chemotactic protein (MCP)-o;
fig. 1). The expression of neutrophil adhesion molecules is
increased, the release of neutrophils from the bone marrow is
also raised and there are changes in neutrophil function and
deformability. This may lead to increased sequestration of
neutrophils in the pulmonary microcirculation [23-25]. During
smoking or exacerbations of COPD, these changes are
magnified [7-9]. This systemic inflammation may be an
important determinant of the nutritional imbalance that
characterises many patients with COPD. Indeed, some studies
reported statistical associations between weight loss in COPD
and the raised serum levels of TNF-o and other cytokines [26-
29]. Other studies indicated that both nutritional depletion and
inflammation had a negative prognostic value in COPD [30].

The systemic inflammatory profile of COPD, as described
above, includes many of the mediators that are considered as
potential promotors of ACD (see Mechanisms of anaemia of
chronic disease: an overview). This makes the hypothesis of an
association between the two conditions plausible, but does not
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FIGURE 1. Levels of inflammatory markers in patients with chronic obstructive
pulmonary disease (COPD;
healthy subjects in pg-mL"; B: measurements for COPD patients in pg-mL™". The
three left-hand sets of columns refer to the left-hand y axis; the two right-hand sets
of columns refer to the right-hand y axis. IL-8: interleukin-8; CRP: C-reactive protein;
LPS, lipopolysaccharide; s-TNF-R55: soluble tumour necrosis factor receptor 55; s-
TNF-R75: soluble tumour necrosis factor receptor 75. *: p<<0.05. Modified from [22]
with permission from the publisher.

) and healthy subjects (OJ). M: measurements for
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prove that COPD actually disrupts erythropoiesis. Is it possible
to go further than that? An apparent lack of polycythaemic
response to hypoxaemia in COPD has been noted in early
studies [31, 32]. Recently, JOHN et al. [12] found that among 101
severe COPD patients (FEV1 37 +2% pred), 13 were anaemic.
In these patients, the serum levels of CRP and IL-6 were
significantly higher than in a group of control subjects. CRP
was significantly higher in the anaemic COPD patients than in
the nonanaemic patients; this was not the case for IL-6, IL-8 or
IL-10. The anaemic COPD patients exhibited significantly
elevated levels of erythropoietin compared with the nonanae-
mic patients (41.8+25.4 versus 16.3+2.9 U-L™). There was a
significant inverse correlation of haemoglobin versus erythro-
poietin, indicating the presence of erythropoietin resistance.
The association of inflammation and erythropoietin resistance
is typical of ACD, and therefore this study presents an
assumed causative relationship between COPD and ACD. In
this study, there was no relationship between anaemia and
weight loss or cachexia, suggesting that the development of
anaemia can be independent of nutritional factors. In another
situation of chronic respiratory insufficiency, TSANTES ef al. [33]
compared the dynamics of erythropoiesis in nine patients with
idiopathic pulmonary fibrosis (IPF) and nine controls.
Although haemoglobinaemia and serum EPO levels did not
differ between patients and controls, patients with IPF had
significantly raised levels of serum TNF-a, IL-6 and IL-8. The
proliferating capacity of RBCs (as measured by the count of
burst-forming unit-erythroid-derived colonies) was higher in
the patients than in the controls, but the rate of differentiation
was lower in the patients. Overall, the authors concluded that
there was an increased quantitative response to hypoxia,
qualitatively altered by inflammation. In a subsequent study
[34], the same group concluded that these features were absent
in nonanaemic COPD patients.

It must be emphasised that factors other than inflammation can
be responsible for anaemia in COPD patients. Besides the
obvious comorbidities (e.g. gastrointestinal bleeding or folate
deficiency), malnutrition can play a role and implement a
vicious circle of inflammation. Tobacco smoking itself, prob-
ably through the associated oxidative stress, interferes with red
cell production and with the effects of long-term oxygen
therapy on this production [35]. Theophylline has been found
to decrease RBC proliferation in COPD patients, but EPO levels
were not affected [36]. Finally, oxygen therapy can theoreti-
cally blunt hypoxia-driven erythropoiesis in COPD patients,
the reality and clinical impact of which would warrant specific
investigation.

THE CLINICAL SIGNIFICANCE OF ANAEMIA IN COPD
Clinical lessons from heart failure

In heart failure, the prevalence of anaemia has been shown to
be correlated with the severity of the cardiac condition,
increasing 7-26% as the New York Heart Association
(NYHA) class deteriorates from I to IV [37]. However, the
prevalence may be higher still; it was estimated to be 10-56%
in the analysis of 14 heart failure trials, using a definition of
anaemia of haemoglobinaemia <12 g-dL™" [38]. Anaemia in
heart failure has been associated with increased hospitalisation
rates and diminished exercise capacity [39]. It has also been
shown to be an independent negative prognostic factor for
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mortality [3, 40]. In anaemic heart failure patients, EPO
administration improved left ventricular ejection fraction from
28% to 35%, and NYHA class by one, with a 92% decrease in
hospitalisations compared with before the study [37]. From a
functional point of view, raising haemoglobinaemia in heart
failure patients alleviates exercise limitation. In 26 anaemic
patients with mild-to-moderate heart failure [41], EPO im-
proved haemoglobin concentration (11.0-14.3 g-dL™; p<0.05),
peak oxygen uptake (V'0,; 11.0-12.7 mL-min™"-kg™; p<0.05) and
exercise duration (590-657 s; p<<0.004).

The pathogenesis of anaemia in heart failure has not yet been
fully elucidated [42] and intervention studies are needed
before the causal relationship between anaemia and heart
failure outcomes can be ascertained. Nevertheless, the appar-
ently major clinical relevance of anaemia in heart failure is a
strong incentive to explore its impact, if any, in COPD. Indeed,
findings for COPD similar to those for heart failure could
potentially have a significant impact on the management of the
disease.

Clinical relevance of anaemia of COPD

Mortality

The strongest evidence of an association (causative or other-
wise) between low haemoglobin levels and mortality in COPD
patients seems to be provided in the study derived from the
database of the French respiratory home care network, the
Association Nationale pour le Traitement a Domicile de
I'Insuffisance Respiratoire Chronique (ANTADIR) [13].
Among 2,524 COPD patients with an arterial oxygen tension
(Pa,0,) <7.3 kPa (55 mmHg), who were being prescribed long-
term oxygen therapy and in whom an haematocrit value was
available at the time of prescription, 12.6% of males and 8.2%
of females were identified as having anaemia according to the
WHO definition [10]. This figure corroborates with the
observation of JoHN et al. [12]. In the ANTADIR study [13],
haematocrit decreased with age and with the degree of
obstruction (FEV1/vital capacity). Conversely, haematocrit
tended to be greater in patients with the highest values of
body mass index, and there was a positive association between
haematocrit and carbon dioxide arterial tension (Pa,CO,).
Multivariate analysis emphasised haematocrit as an indepen-
dent and major predictor of survival, with the 3-yr survival
rate decreasing as lower haematocrit values were considered,
and polycythaemia being associated with higher survival rates
(3-yr survival 24% (95% confidence interval (CI) 16-33%) when
haematocrit was <35% versus 70% (63-76%) when haematocrit
was >55%; fig. 2). It is worth noting that in the cohort of 207
patients used by CELLI et al. [11] to describe the BODE
prognostic index, haematocrit was significantly (p=0.01)
higher in the patients who survived (n=182, haematocrit
42+5%) compared with those who died (n=25, haematocrit
39 +5%).

From a slightly different perspective, two other studies suggest
that chronically decreased haemoglobin levels could enfeeble
COPD patients and worsen the prognosis of acute decreases in
tissue oxygenation. In one of these studies, mortality from
gastrointestinal bleeding appeared to be higher in a cohort of
53 COPD patients, compared with bleeding controls without
COPD (32% versus 10%, respectively; OR 4.3; 95% CI 1.22-1.48;
p<0.01) and to COPD controls without bleeding (32% versus
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FIGURE 2. Ten-yr survival analysis of the influence of haematocrit calculated
by the acturarial method in a cohort of 2,524 chronic obstructive pulmonary disease
patients with arterial oxygen tension below 7.3 kPa (55 mmHg) being prescribed
long-term oxygen therapy. B: >55 yrs age; [1: 50-54 yrs age; @: 45-49 yrs age;
O: 40-44 yrs age; A: 35-39 yrs age; A: <35 yrs age. Modified from [13] with
permission from the publisher.

11%, respectively; OR 3.7; p<<0.02) [43]. In the other study,
suboptimal management (fewer prescribed inhalers), pre-
operative renal insufficiency, coronary artery disease and
reduced haematocrit (average 34% versus 39%), were signifi-
cantly associated (p=0.002) with an unfavourable outcome in
COPD patients undergoing elective open abdominal aortic
aneurysmectomy [44].

Symptoms and morbidity

The ANTADIR haematocrit study [13] suggests that low
haematocrit values are associated with an increased morbidity.
Indeed, in this study, there was an inverse relationship
between haematocrit and the hospital admission rate, as well
as the cumulative duration of hospital stay. Further investiga-
tion is required to determine whether a low haematocrit is a
promoting factor for hospitalisations or whether frequent
hospitalisations contribute to promote anaemia.

Two intervention studies suggest that correcting anaemia in
COPD patients can improve their physiological or clinical
condition. In one of the studies, blood cell transfusion in
anaemic COPD patients was shown to lead to a significant
reduction in both minute ventilation (V'E) and work of
breathing (WOB) [45]. In the study, 10 patients with COPD
(mean FEV1 0.55 L) were compared with 10 patients without
lung disease before and after receiving RBC transfusion. In the
COPD group, the mean V'E decreased from 9.9+1.0 L-min™
to 82+12 L-min’! (p<<0.0001) and WOB decreased from
1.0340.24 WOB-L to 0.854+0.21 WOB-L™ (p<0.0001; fig. 3).
In patients without COPD, haemoglobin was increased by a
similar degree but there was no change in ventilation and gas
exchange. It is worth noting that the fall in V'E in the COPD
patients translated into a rise in Pa,CO, from 5.1 kPa to 5.8 kPa
(38.3 mmHg to 43.6 mmHg; p<<0.05) and a concomitant fall in
Pa,0, from 7.6 kPa to 7.0 kPa (57.1 mmHg to 52.6 mmHg;
p<0.05). This is in line with the negative correlation between
haematocrit and Pa,CO, evidenced by the ANTADIR study [13].
In the other study, SCHONHOEFER ef al. [46] described a series of
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FIGURE 3. Minute ventilation (V'E), work of breathing (WOB) and capillary
carbon dioxide pressure (PCO,) changes with transfusion in patients with severe
chronic obstructive pulmonary disease *: p<0.05; *: p<0.0001. Modified from [45]
with permission from the publisher.

five ventilator-dependent COPD patients, all of whom had
anaemia (mean haemoglobin 8.7 g-dL™) at the time of
admission. They received a whole-blood transfusion, raising
haemoglobin levels to >12 g-dL.”, and all were then success-
fully weaned from the ventilator, 1-4 days post-transfusion.

Pathophysiological basis for the benefit of raising
haemoglobin in COPD

Whether raising haemoglobin levels in COPD would decrease
mortality remains to be studied and, as with heart failure, it is
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difficult to foresee what the corresponding mechanisms would
be. However, there are pathophysiological arguments that
support the idea that raising haemoglobin in anaemic COPD
patients (and possibly nonanaemic patients) could improve
dyspnoea and exercise tolerance, as it does in heart failure [41].

Breathing pattern

Any therapeutic intervention reducing V'E and/or polypnoea
in COPD could decrease dynamic hyperinflation and, as a
result, alleviate dyspnoea and improve exercise tolerance. The
observation of SCHONHOFER et al. [45], that RBC transfusion in
COPD patients does reduce V'E (see above), thus allows the
speculation that a reduction in the degree of dynamic
hyperinflation could be expected in response to an increase
in the haemoglobin level. This would be very similar to the
effects of oxygen administration prior to exercise in severe
COPD patients [47, 48].

Haemodynamics and gas exchange

The efficiency of pulmonary gas exchange is connected to
haemoglobin levels [49], and raising haemoglobinaemia
improves haemodynamics. As a result, the improved cardio-
respiratory interaction should, as in other clinical settings,
contribute to putative improvements in exercise ability in
COPD.

Skeletal muscle function

There is a large body of evidence, much of which is beyond the
scope of this review, which supports the view that skeletal
muscle dysfunction is a major contributor to exercise limitation
in COPD [50-54]. It could therefore be hypothesised that the
effects observed on muscle performance in nonanaemic
athletes with EPO may also be seen in COPD patients. It
may not be that simple, however, as illustrated in studies of
chronic renal failure patients. EPO has been associated with
positive effects on muscle O, transport during exercise in
patients with chronic renal failure [55], with an increase in O,
occurring in proportion to the increase in blood flow. Such an
effect would theoretically be useful in COPD-related muscle
dysfunction. However, probably because of muscular abnormal-
ities due to uraemia [56], EPO in chronic renal failure patients
does not improve peak V'O, as much as expected from the
rise in haemoglobinaemia. The relationship between muscle
O, delivery, blood flow and haemoglobin is thus a complex
one and would have to be the object of specific studies in
COPD for further clarification.

CONCLUSION

Currently available arguments suggest: 1) that haemoglobi-
naemia in COPD could be determined by the balance between
the stimulating effects of hypoxia on EPO production and
inflammation-induced EPO resistance; 2) that, as with heart
failure, anaemia in COPD could have a negative prognostic
impact, associated with a reduced survival and increased
morbidity; and 3) that anaemia could worsen dyspnoea and
exercise limitation.

However, the current evidence is very fragmented and
preliminary. The real prevalence of anaemia in chronic
obstructive pulmonary disease has not yet been ascertained;
the possibility of an association between anaemia and disease
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severity needs to be explored; the clinical impact of anaemia in
chronic obstructive pulmonary disease is yet to be established;
and, finally, the effects of raising haemoglobinaemia on
physiological parameters and on clinical outcomes are spec-
ulative. For all these reasons, it seems justifiably important to
systematically and prospectively study the mechanisms and
impact of anaemia on chronic obstructive pulmonary disease,
in order to determine whether correcting low haemoglobin
levels has a place in the therapeutic arsenal against this
disease.
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