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ABSTRACT
Many studies have depicted that anemia is one of the most common co-morbidity among Chronic 
Obstructive Pulmonary Disease (COPD) patients. Therefore, its correction in those patients is an 
important aspect of the treatment protocol. Our study was designed to explore the prevalence 
of anemia and morphological alteration, if any, in RBC among COPD patients. The study was 
conducted from November 2020 to June 2021 among the COPD patients admitted in the Medical 
ward of Nepal Medical College Teaching Hospital. If hemoglobin level was <13gm/dl in males 
and <12gm/dl in females and/or hematocrit level was <39%, the patient was considered anemic. 
Anemia was morphologically classified following standardized procedure with RBC indices as 
a reference. Among the COPD patients (n=101), 40 (39.6%) were anemic, out of which 21(52.5%) 
was normocytic normochromic, 10 (25%) were microcytic hypochromic, 5 (12.5%) were 
normocytic hypochromic, 3 (7.5%) were microcytic normochromic and (2.5%) was macrocytic 
hyperchromic. Anisocytosis was commonly noted (25.7%) among the COPD patients with 
microcytosis (20.8%) and macrocytosis (4.9%) among them. Among the patients, 23.8% showed 
hypochromia while only 0.9% showed hyperchromia. Polycythemia was present in 24 (23.8%) 
of them. Inflammatory mediators and cytokines in COPD causes a compromised response of 
marrow cells to erythropoietin and shortens the survival of red blood cells.
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Introduction
Chronic obstructive pulmonary disease 
(COPD) is a common disease with high global 
prevalence. It is associated with significant 
morbidity and mortality worldwide with 
comorbidities like cardiac diseases, lung cancer, 
osteoporosis, and depression causing a negative 
effect on the prognosis of this disease. Recently, 
anemia has been recognized as a frequent 
comorbidity in COPD patients and has gained 
importance, as treatment of co-morbidities of 
a main disease is an important component in 
the management of the disease.1 Co-morbidity 
of COPD denotes a disease, co-existing with it 
and may be the reason that may complicate 
the prognosis.2 COPD is characterized by 
poorly reversible airflow limitation that is 
usually progressive and associated with an 
abnormal inflammatory response of the lungs 
to noxious particles or gases. However, the 
effect of these noxious gases not only causes 
airway and lung inflammation but also 
systemic cellular and humoral inflammation 
and other systemic manifestations.3 Among 
the common comorbidities associated to COPD, 
many studies have attempted to explore the 
co-existence of anemia with this disease.  In a 
study done by John et al,4 only 13% of 101 COPD 
cases, were recorded to be anemic. However, 
a study conducted in a larger group of COPD 
patients (n=132424) recorded 21% of the study 
population as anemic patients5 and   study done 
by Shorr et al6 in 2,404 COPD patients, recorded 
33% anemia cases among them. Another 
study in acutely exacerbated COPD patients 
(n=107) during admission revealed 43.9% 
as anemic.7 Furthermore, in another study, 
among 36 COPD cases, 18% were anemic, out 
of which 32 (88.89%) patients were normocytic 
normochromic while the rest had normocytic 
hypochromic type of anemia.8 To study a 
comorbid condition that is so common in COPD 
patients, present study was targeted to explore 
the prevalence of anemia and the morphological 
variation of RBCs in COPD patients admitted in 
Nepal Medical College and Teaching Hospital 
(NMCTH), Kathmandu, Nepal.

MaterialS and methods
We studied 101 COPD patients admitted in 
medical ward of NMCTH from November 2020 
to June 2021, after obtaining an informed 
consent from them. Before commencing the 
study, an ethical clearance was obtained from 
the Institutional Review Committee of Nepal 
Medical College (NMC-IRC). Patients admitted 
in the medical ward of NMCTH were included 
in this study. Patients with cancer, thyroid 

disease, severe liver disease, chronic kidney 
disease, chronic heart failure, rheumatoid 
arthritis, GI hemorrhage or blood loss due to any 
other cause and patients with a known vitamin 
B12 or folic acid deficiency were not enrolled. 
Those patients who didn’t have efficient mental 
capacity to give consent were also excluded. 
Hemoglobin level of less than 13 gm/dl in 
males and 12gm/dl in females was considered 
as anemia.9 Packed cell volume (Hematocrit), 
less than 39% was also considered to diagnose 
anemia and those more than 55% were 
considered to have polycythemia.10 Anemia so 
detected was then morphologically classified 
with the help of RBC indices. Mean corpuscular 
volume (MCV) ranging 85-95fl was considered 
as normocytic anemia. MCV <80fl was taken as 
microcytic anemia while >96 was considered 
macrocytic anemia. Low MCH (<25pg) and 
MCHC (<30%) indicated hypochromic anemia, 
while MCH (>32pg) and MCHC (>34.5%) was 
considered as hyperchromic anemia.11 Data 
was collected and compiled in Microsoft 
Excel 2007 worksheet and statistical analysis 
was done using SPSS version 16. In order to 
have a clear perception and understanding 
of RBC morphology, peripheral smear was 
prepared from few patients. For this, sample 
was taken by blood gun finger prick method 
applying aseptic measures. Smears were then 
stained with Leishman’s stain following the 
standard procedure12 and was examined under 
microscope. 

Table 1: Prevalence of anemia and 
it’s classification in accordance to its 

morphological variation noted among the 
anemic COPD patients

Anemia n %

Present 40 39.6

Absent 61 60.4

Total 101 100.0

Type of anemia (n = 40)

Microcytic Hypochromic (MH) 10 25

Microcytic Normochromic (MN) 3 7.5

Normocytic Hypochromic (NH) 5 12.5

Normocytic Normochromic (NN) 21 52.5

Macrocytic Hyperchromic 1 2.5

Total 40 100
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Results
Out of 101 patients, more than two third 
(70.3%) were females. The age ranged from 
28-91 years with mean of 68.15+-12.1 years 
with almost half of the patients of more than 
70 years of age while least were from the 
age group less than 40 years. As depicted 
by Table 1, the prevalence of anemia was 
more than one third (39.6%) among the study 
population. Among the anemic patients, 21 
(52.5%) were normocytic normochromic, 10 
(25%) were microcytic hypochromic, 5 (12.5%) 
were normocytic hypochromic, 3 (7.5%) were 
microcytic normochromic and 1 (2.5%) was 
macrocytic hyperchromic.

Table 2: Prevalence of anisocytosis 
(microcytosis and macrocytosis), 
hyperchromia, hyperchromia and 

polycythemia among the COPD subjects 
(n=101).

Variables n %

Anisocytosis 26 25.7

Microcytosis 21 20.8

Macrocytosis 5 4.9

Hypochromia 24 23.8

Hyperchromia 1 0.9

Polycythemia 24 23.8

Table 2 highlights that anisocytosis (25.7%) 
was a common finding among COPD patients 
irrespective of anemic status. Greater number 
20.8% showed microcytosis and only 4.9% 
showed macrocytosis. Subjects with COPD also 
showed more cases of hypochromia (23.8%) 
than hyperchromia (0.9%). Polycythemia was 
also observed in many COPD patients (23.8%). 

Table 3: Association of anemia with different variable related to RBC morphology and its 
hemoglobin content.

n=101 Anemia
Chi square 

value P value RBC morphology, Hypochromia 
and Hyperchromia Present (n=40) Absent (n=61)

Anisocytosis 14 (35.0%) 12 (19.7%) 2.96 0.085

Microcytosis 13 (32.5%) 8 (13.1%) 5.5 0.019

Macrocytosis 1 (2.5%)  4 (6.5%) 0.84 0.358

Hypochromia 15 (37.5%) 9 (14.8%) 6.89 0.009

Hyperchromia 1 (2.5) 3 (4.9%) 1.0*

* Fisher exact test

Anemia was significantly associated with 
microcytic (Chi square value=5.5, P=0.019) and 
hypochromic (chi square value=6.89, P=0.009) 
changes in RBC morphology (P <0.01) (Table 
3). Fig. 1 shows anisocytosis, microcytosis and 
hypochromia of RBCs in the smear obtained 
from COPD patient.

Fig. 1: Microphotograph showing anisocytosis, 
microcytosis and hypochromia of RBCs in the 

smear obtained from COPD patient.

Discussion
More than one third of the COPD patients 
(39.6%) were found to be anemic in the present 
study. John et al4 in similar number of COPD 
patients found only 13% as anemic. However, 
a study performed in a larger group of COPD 
patients (n=132424) recorded 21% of the study 
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population as anemic,5 while Shorr et al6 
recorded 33% anemia cases among 2404 COPD 
patients. Inflammatory cytokines produced 
during the disease process of COPD, specially 
IL-1 activates macrophages and thus enhances 
its phagocytic activity. However, in this 
process, the red blood cells also get attacked by 
the macrophages and even the newly formed 
RBC’s are not spared leading to neocytolysis of 
these cells. Ultimately the RBCs are destroyed 
resulting in state of anemia.14 

The present study noted that, among the 
anemic COPD patients, 52.5% were normocytic 
normochromic, 25% were microcytic hypo-
chromic, 12.5% were normocytic hypochromic, 
7.5% were microcytic normochromic and 
1 (2.5%) was macrocytic hyperchromic. 
A previous similar study also found that 
most of the COPD patients had normocytic 
normochromic anemia, while the rest had 
normocytic hypochromic type of anemia.8 
Although anisocytosis was a common finding 
in COPD cases (25.7%), more than half of 
the COPD subjects who were anemic had 
normocytic normochromic anemia (52.5%). 
The factors necessary for erythropoiesis as 
well as the hepcidin concentration in each 
individual suffering with COPD might vary and 
may not significantly decrease to an extent to 
bring about morphological changes in the RBCs 
in these cases.

Anisocytosis (25.7%) was a common finding 
among the COPD patients irrespective of the 
anemic status. Greater number (20.8%) showed 
microcytosis and as well as hypochromia 
(23.8%). Microcytosis and hypochromia was 
found to have significant association with 
anemic COPD cases (P<0.01). Microcytosis can 
be explained by the fact that with worsening of 
the condition in COPD, there might be a blunted 
response of the marrow cells to erythropoietin 
due to systemic inflammatory burden.15 Apart 
from the effect in bone marrow, there might also 
be an impact on kidneys, thereby decreasing 
erythropoietin and production of RBCs.16

The higher production of hepcidin in response 
to chronic inflammation might help to explain 
the cases of hypochromia in COPD cases. The 
production of inflammatory cytokines such as 
like IL-6 in COPD, stimulates the hepatocytes 
to produce Hepcidin.17,18 Hepcidin reduces the 
delivery of iron to maturing erythrocytes in 
bone-marrow by reducing the level of iron in 
plasma firstly by inhibiting iron absorption 
through intestinal enterocytes and secondly, by 
inhibiting release of iron from macrocytes and 
hepatocytes in plasma.18

Decreased hepcidin leads to tissue iron 
overload, whereas hepcidin overproduction 
leads to hypoferremia and the anemia 
of inflammation. Ferroportin is an iron 
exporter present on the surface of absorptive 
enterocytes, macrophages, hepatocytes, and 
placental cells. Hepcidin binds with ferroportin 
after which ferroportin is internalized and 
degraded, leading to decreased export of 
cellular iron.19 This might be the reason of 
hypochromia in patients with COPD as iron is 
one of the important nutrient required for RBC 
production in the bone marrow.20

Although anemia was a common finding in the 
present study, we cannot overlook the fact that 
most of them did not present anemia. This might 
be because of the fact that, blunted response 
to erythropoietin in COPD is a temporary 
phenomenon, response of bone-marrow cells 
to erythropoietin becomes normal when acute 
inflammation subsides.21 On the other hand, the 
study also recorded 23.8% polycythemia among 
the COPD patients. Conventional concept 
of physiological compensatory mechanism 
explains that hypoxemia caused by COPD 
increases the production of erythropoietin from 
the renal proximal convoluted tubular cells 
that decreases the rate of apoptosis of RBC stem 
cells, increases their survival and ultimately 
augments the rate of erythropoiesis leading 
to polycythemia.13 However, polycythemia 
is less evident condition in COPD patients 
due to rigorous correction of hypoxemia by 
domiciliary long term oxygen therapy.14 Hence, 
anemia and or altered morphology of RBC is 
a common comorbid condition faced by the 
clinicians in patients with COPD. Treatment 
protocols to alleviate these comorbidities 
along with the primary disease is an essential 
approach for treatment of the patient. A more 
elaborate and extensive study will definitely 
help to reach a more concrete conclusion.
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