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Abstract

Background: Although COPD is traditionally associated with polycythemia, the systemic inflam-
mation that is now recognized as a feature of COPD makes it a possible cause of Anemia of Chronic
Disease (ACD). Preliminary evidences suggest that anemia in COPD may be more prevalent than
expected occurring in 10% - 15% of patients. While in states like chronic heart failure and renal
insufficiency, anemia has been extensively studied; little attention has been given to it in COPD.
Objectives: To see the prevalence of anemia in patients with COPD and its potential impact on
morbidity of COPD patients. Design and Setting: A university hospital-based cross-sectional study
in Kashmir, India. Methods: Two hundred patients (119 males and 81 females) with spirometery
documented COPD were evaluated for frequency of anemia. In addition to routine investigations,
erythropoietin levels were done in a subgroup of patients. Results: A total of 36 cases (20 males
and 16 females) of anemia were detected giving a frequency of 18%. Normocytic normochromic
type of anemia was present in 32 (88.89%) patients while the rest had normocytic hypochromic
type of anemia. Majority of patients were in GOLD stage 11 and had decreased serum iron, trans-
ferrin saturation and TIBC. Erythropoietin levels were significantly raised in anemic COPD pa-
tients compared to non-anemic COPD patients. The various factors significantly associated with
anemia were: No. of exacerbations of COPD, No. of hospital admissions, BMI and erythropoietin
levels. Conclusion: Anemia occurs frequently in patients of COPD and is associated with increased
morbidity in the form of No. of exacerbations and hospital admissions. Correcting anemia in these
patients may improve their clinical outcome.
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1. Introduction

Many chronic diseases have been shown to affect haematopoiesis, resulting in shortening of red blood cell (RBC)
lifespan and sequestration of iron in macrophages, and leading to so-called anemia of chronic disease (ACD) [1].
Over the past years, the clinical scope of this syndrome has stretched beyond its traditional chronic infectious,
inflammatory and neoplastic causes, to include heart failure [2] [3]. Theoretically, chronic obstructive pulmo-
nary disease (COPD) is another candidate likely to be associated with ACD, when considered in relation to al-
ready-known systemic effects of the disease [4].

The anemia found in patients with chronic infectious, inflammatory and neoplastic disorders, known as ACD,
is one of the most common syndromes in medicine. A characteristic finding of the disorders associated with
ACD is increased production of cytokines that mediate the immune or inflammatory response, such as tumor
necrosis factor, interleukin-1 and the interferons. All the processes involved in the development of ACD can be
attributed to these cytokines, including shortened red cell survival, blunted erythropoietin response to anemia,
impaired erythroid colony formation in response to erythropoietin and abnormal mobilization of reticuloendo-
thelial iron stores [5].

Recent GOLD report [6] [7] has changed the characteristics of COPD staging. In the 2006 GOLD report,
more emphasis is given to the role of inflammation in COPD.

Anemia of chronic illness is typically normocytic anemia and is most commonly observed in patients with
concurrent infectious, inflammatory or neoplastic diseases. COPD fulfills the criteria of a chronic, inflammatory
multisystem disease leading to expectations of anemia and the mechanism of anemia development might be
similar to that in other chronic diseases. Anemia is such a common and simple finding that we may underesti-
mate its physiologic relevance in COPD [8] [9].

Mathias John et al. [9] in a group of 101 COPD patients found that anemia occurred frequently in COPD pa-
tients (13%) and is related to the presence of inflammation. Furthermore, anemic COPD patients showed in-
creased levels of erythropoietin compared to non-anemic and normal subjects which may indicate the presence
of erythropoietin resistance. The latter may be mediated through inflammatory mechanisms, which is typical
anemia of chronic illness. Anemia appeared normocytic and normochromic.

In a prospective study, C. Cote et al. found that anemia was present in 17% and polycythemia in 6% of COPD
patients. Anemia in COPD was an independent risk factor for reduced functional capacity. Polycythemia preva-
lence was low and had no association with poor outcome [10].

Although COPD is traditionally associated with polycythemia, the systemic inflammation that is now recog-
nized as a feature of COPD makes it a possible cause of ACD. If present in COPD, anemia could worsen dysp-
noea and limit exercise tolerance [11].

Preliminary evidence suggests that anemia in COPD patients may be more prevalent than expected, occurring
in 10% - 15% of patients suffering from severe forms of the disease. A database study conducted in 2524 COPD
patients being prescribed long-term oxygen therapy has shown that a low hematocrit is a strong predictor of sur-
vival in this population, before body mass index and is associated with more hospitalizations and a longer cu-
mulative duration of hospitalization. COPD patients with low hemoglobin levels have a poorer prognosis than
COPD patients with normal hemoglobin levels in the event of acute gastrointestinal bleeding or after elective
aneurysm repair. Raising hemoglobinemia through transfusion decreases minute ventilation and work of breath-
ing in COPD patients [11].

Berned Schonhofer et al. in their study found that red blood cell transfusion in anemic patients with COPD
leads to a significant reduction of both the minute ventilation and the work of breathing. In these patients, trans-
fusion may be associated with unloading of respiratory muscles, but it may also result in mild hypoventilation
[12].

These preliminary evidences point to the need to study the prevalence of anemia and its physiological and
clinical impact in COPD. When this body of knowledge is available, the question of putative benefits of raising
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hemoglobinemia in chronic obstructive pulmonary disease will have to be addressed [11] [12].

Our study is directed towards the prevalence of anemia in the COPD patients and clinical characteristics asso-
ciated with these patients in the form of No. of exacerbations and hospital admissions.

Correcting anemia in these patients may improve their clinical outcome.

2. Material and Methods

We studied 200 consecutive patients with COPD after obtaining informed consent from them. The patients were
enrolled from both outpatient and inpatient (wards) departments of the hospital. The study was approved by the
ethical committee that looks into the ethical aspects of the human experimentation.

Inclusion criteria:

The patients included in the study were men and women (both smokers and non-smokers) aged 40 years or
more with history suggestive of COPD (cough with sputum production in chronic bronchitis and breathlessness
in emphysema), physical findings suggestive of airway obstruction (rhonchi, decreased intensity of breath
sounds and prolonged expiration) and importantly a spirometery confirmed diagnosis of COPD as per GOLD
criteria [6]; only those patients who had a FEV1/FVC ratio of less than 70% were included in the study.

Anemia was defined by hemoglobin level <13.5 gm/dl in male patients and <12 gm/dl in female patients [9].

Exclusion criteria:

1) All patients with insufficient mental capacity that precluded obtaining an informed consent from them.

2) Current or past diagnosis of asthma.

3) Patients with cancer, thyroid disease, severe liver disease, chronic kidney disease, chronic heart failure,
rheumatoid arthritis, G | haemorhage or blood loss of any other cause and patients with a known vitamin B12 or
folic acid deficiency were not enrolled.

A detailed history and examination were performed as per proforma.

These patients were subjected to following investigations.

a) Lung function tests (spirometery) which was done by S-model spirometer (vitalograph limited medical in-
strumentation made in United Kingdom). Mean of three readings was taken. Predicted FEV1 was calculated
from Indian norms for pulmonary functions.

b) Hemogram: -Hb, Hct, MCV, MCH, and MCHC.

c) Peripheral blood film (PBF).

d) Liver function tests.

e) Renal function tests.

f) Arterial blood gas (ABG)—Pa0,, Sa0,, PaCO,, HCOs3, pH.

g) Chest X-Ray.

h) Iron Profile: -Serum iron, Transferrin saturation, Total iron binding capacity (TIBC).

i) Thyroid function tests.

j) Erythropoietin level.

These investigations were done as per standard protocols.

Statistical Methods: -Statistical analysis was done by using various statistical packages especially, SPSS 15.0,
Minitab and web-based Java stat software. “p” value of <0.05 was taken as significant.

3. Observations

This study was conducted on 200 consecutive patients (both in patients and outpatients).
The demographic and clinical characteristics of the study patients are detailed in the Tables 1-6.

4. Discussion

A total of 200 consecutive patients (119 males and 81 females) with COPD documented by lung function tests,
were evaluated for frequency of anemia. A total of 36 cases of anemia were detected.

The studied patients had a mean (SD) age of 61.4 (8.8) years with 62.3 (8.0) in males and 60.0 (9.7) in fe-
males. This is comparable to mean (SD) age 61 (1) years of subjects studied by Matthias John in 2005 [9].

In our study 59.5% of patients were males where as females constituted 40.5% of subjects. In the study by
Matthias John, males constituted 65% of patients which is comparable to our study. Anemic patients were sig-
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Table 1. Age and gender distribution of COPD patients.

Age (yr) Male (n = 119) Female (n = 81) Total (n = 200) Results
Mean age (SD) 62.3 (8.0) 60.0 (9.7) 61.4 (8.8) p > 0.05 (NS)
40 to 49 2 (1.6%) 10 (12.3%) 12 (6.0%)
50 to 59 29 (24.37%) 16 (19.7%) 45 (22.5%)
p >0.05 (NS)
60 to 69 62 (52.10%) 41 (50.6%) 103 (51.5%)
>70 26 (21.85%) 14 (17.2%) 40 (20.0%)

Table 2. Hemoglobin level in the studied patients.

Parameter n Minimum Maximum Mean Std. Deviation Results
Present 36 6.80 125 10.56 1.23
Anemia p = 0.000 (Sig)
Absent 164 12.00 18.8 14.66 142
Male 119 6.80 18.8 14.28 2.07
Gender Female 81 7.10 18.1 13.36 2.02 p =0.002 (Sig)
Total 200 6.80 18.8 13.91 2.09

Table 3. Type of anemia in the studied COPD patients.

PBF (type of anemia) Male (n = 20) Female (n = 16) Total (n = 36) Results
Normocytic normochromic 18 (90.0%) 14 (87.5%) 32 (88.8%)
Normocytic hypochromic 2 (10.0%) 2 (12.5%) 4 (11.1%) p =0.819 (NS)
Total 20 (55.6%) 16 (44.4%) 36 (100.0%)

Table 4. Iron profile in the anemic patients (n = 36).

Iron profile Male (n = 20) Female (n = 16) Total (n = 36) p value

Decreased (<59) 16 (80.0%) 11 (68.7%) 27 (75.0%)

Serum iron (pg/dl) 0.582 (NS)
Normal (59 to 158) 4 (20.0%) 5 (31.2%) 9 (25.0%)
Decreased (<16) 10 (50.0%) 8 (50.0%) 18 (50.0%)

Saturation (%) 1.000 (NS)
Normal (16 to 50) 10 (50.0%) 8 (50.0%) 18 (50.0%)
Decreased (<259) 16 (80.0%) 15 (93.7%) 31 (86.1%)

TIBC (ug/dl) 0.498 (NS)
Normal (259 to 388) 4 (20.0%) 1 (6.2%) 5(13.8%)

nificantly older than non-anemic patients; mean(SD) age was 64.47 (7.97) and 60.71 ( 8.85) years in anemic and
non-anemic patients respectively in our study whereas it was 72.8 (9.3) and 69.5 (8.8) years in anemic and
non-anemic patients respectively in study by C. Cote which is comparable with our study [10].

The patients studied in our population were selected on the basis of GOLD criteria with FEV1/FVC ratio of
less than 70%; others have also used similar criteria (FEV1/FVC of <70%) in the selection of patients.

Smokers constituted 60% of the studied patients; Smokers constituted 95% of patients in the study by Mat-
thias John. More than 50% of smoker in our study were consuming 11 - 20 pack years of smoking which is low-
er than the smoking burden reported in the studies by C. Cote. This could be explained on the basis of lower
smoking habits of our society.

In our study a significant proportion (58.3%) of anemic COPD patients were non-smoker whereas in studies
by C. Cote, there was no significant difference in smoking habits between anemic and non-anemic patients. This
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Table 5. Clinical profile and morbidity associated with the COPD patients under study.

Parameter Anemic (n = 36) Non anemic (n = 164) Total (n = 200) p value

Cough 36 (100.0%) 164 (100.0%) 200 (100.0%) 1.000 (NS)

Expectoration 35 (97.2%) 159 (96.9%) 194 (97.0%) 0.931 (NS)

Breathlessness 35 (97.2%) 149 (90.8%) 184 (92.0%) 0.203 (NS)

breaﬁ%ﬁ?ﬁ;ﬁfwrs) <5 11 (30.5%) 67(40.8%) 78 (39.0%) 0253 ()
>5 25 (69.4%) 97 (59.1%) 122 (61.0%)

No. of exacerbations <5 23 (63.8%) 139 (84.7%) 162(81.0%) 0.004 (Sig.)
>5 13 (36.1%) 25 (15.2%) 38 (19.0%)

Ngd?;izgiipr:;al <2 15 (41.6%) 116 (70.7%) 131 (65.5%) 0001 (Sig)
>2 21 (58.3%) 48 (29.2%) 69 (34.5%)

Anorexia 17 (47.2%) 68 (41.4%) 85 (42.5%) 0.528 (NS)

Weight loss 16 (44.4%) 50 (30.4%) 66 (33.0%) 0.108 (NS)

Mean BMI 19.89 (2.74) 20.94 (2.22) 20.75 (2.35) 0.014 (Sig)

Table 6. Lung function in the studied patients.

Lung functions Anemic (n = 36) Non anemic (n = 164) Total (n = 200) Result
FEVL/FVC (%) <50 12 (33.3%) 52 (31.7%) 64 (32.0%) p = 0.850 (NS)
FEV1% of predicted <40 3(8.3%) 24 (14.6%) 27 (13.5%) p =0.318 (NS)
Mean FEV1% of pred. 53.36 + 13.12 51.89 +12.14 52.15+12.22 p =0.515 (NS)

again could be explained on the basis of lower smoking habits of our society especially females. There was no
positive co-relation between smoking status and anemia in our studied patients which is similar to the studies by
C. Cote.

Mean (SD) FEV1% of predicted in our studied patients was 53.36 (13.12) in anemic patients while it was
51.89 (12.14) in non-anemic patients. In study conducted by Marya Zilberberg [13] it was 43.17 (16.95) and
42.07 (17.26) in anemic and non anemic patients respectively which is lower than in our patients.

Most of our studied patients were in GOLD Stage 11 where as majority of patients were in GOLD Stage Il in
another study by Matthias John. There was no co-relation between lung function tests and anemia. Similar re-
sults have been shown in the studies conducted by Matthias John, C. Cote, Marya Zilberberg [13] and Gokul
Krishnan [14].

Mean hemoglobin (Hb) level in studied patients was 10.5 (1.23) g/dl and 14.66 (1.42) g/dl in anemic and
non-anemic patients respectively which is consistent with another study by Matthias John with mean Hb of 11.9
(0.4) g/dl and 14.7 (0.2) g/dl in anemic and non-anemic patients respectively. In the study by C. Cote, mean Hb
level was 11.8 (1.0) g/dl and 15.0 (1.2) g/dl in anemic and non-anemic patients respectively.

The frequency of anemia in our study was 18% which is similar to the frequency of 17% reported by C-Cote,
21% by Michael Halpern [15] and 23% by John Matthias [16]. There was no significant difference in frequency
of anemia with respect to gender consistent with other studies by C. Cote, M.B. Stanbrook and Gokul Krishnan.

The frequency of anemia as per the criteria we have taken in our study (Hb < 13.5 g/dl in males and <12 g/dI
in females respectively), as was the criteria taken by the study on frequency of anemia in patients of COPD by
Matthias John in 2005, was same as per WHO definition of anemia (Hb < 13 g/dl in males and <12 g/dl in fe-
males respectively) [17], as there was no male patient with Hb level between 13 - 13.5 g/dl in our study.

The frequency of polycythemia (Hb > 17 g/dl in males and >15 g/dl in females respectively) was 11%, which
is higher than that (6%) in the study by C. Cote. This could be explained by different sample size, and high alti-
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tude and relative hypoxemia in our population.

Out of 36 anemic patients, 32 (88.89%) patients had normocytic normochromic type of anemia whereas 4 had
normocytic hypochromic type of anemia.

Iron profile of the studied patients revealed that serum iron levels were decreased in three fourths of anemic
patients, transferrin saturation was decreased in half of patients and total iron binding capacity (TIBC) was de-
creased in 86.11% of anemic patients. There was no difference in Iron profile between male and female patients.
Although no study on iron profile in anemic COPD patients was available for comparison, the results are con-
sistent with iron profile in anemia of chronic diseases in studies by Robert T. Means and LT Bart.

Erythropoietin levels were significantly raised in anemic patients 88.32 (55.94) mlU/ml compared to non
anemic patients 36.44 (30.32) mlU/ml. Similar results have been shown by another study by Matthias John.

The clinical parameters which had significant co-relation with anemia in our study were number of exacerba-
tions of COPD and number of hospital admissions. Similar results have been seen in the studies conducted by
Arnaud Chambellan [18].

Anorexia and weight loss were present in more than 1/3 of the studied patients. Compared to nonanemic pa-
tients, COPD patients with anemia did not show decreased appetite or weight loss. Similar results have been
seen in the study conducted by Matthias John.

Mean (SD) body mass index of our study population was 19.89 (2.74) kg/m’ in anemic and 20.94 (2.22)
Kg/m? in non-anemic patients, where as it was 23.8 (1.7) and 23.2 (0.6) kg/m? respectively in anemic and non-
anemic patients in Matthias John’s study.

This could be explained on the basis of geographical and socio-economic status difference between two pop-
ulations. Body mass index was positively co-related with hemoglobin consistent with another study by Arnaud
Chambellan.

5. Summary and Conclusions

e Two hundred patients (119 males and 81 females) with a mean (SD) age of 61.4 (8.8) years having COPD
diagnosed by GOLD criteria were evaluated for frequency of anemia. In addition to baseline investigations,
erythropoietin levels were done in a subgroup of studied patients.

¢ A total of 36 cases of anemia were detected giving a frequency of 18%. Twenty of these anemic patients were
males and 16 were females. Normocytic normochromic type of anemia was present in 32 (88.89%) patients
while the rest had normocytic hypochromic type of anemia. The patients with anemia were mostly non-
smokers. Majority of patients were in GOLD Stage Il with a mean FEV1 of 53.36 (13.12) percent of the pre-
dicted in anemic COPD patients.

o Majority of anemic patients had decreased serum iron levels, transferrin saturation and TIBC.

e The various factors significantly associated with anemia in our study were number of exacerbations of COPD,
number of hospital admissions, BMI and erythropoietin levels.

In conclusion, anemia occurs frequently in patients of COPD and is associated with increased morbidity in the
form of number of exacerbations and hospital admissions. Correcting anemia in these patients may improve
their clinical outcome.

Limitations

Our study being a hospital based study may not truly reflect the frequency of anemia in COPD patients in com-
munity at large.
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