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ABSTRACT

Objective: To determine the frequency of polycythemia among chronic obstructive pulmonary disease (COPD)
patients and explore its clinical associations

Study Design: Cross-sectional Study

Place and Duration of Study: This study was conducted at the Department of Medicine, Combined Military
Hospital, Abbotabad, Pakistan from September 2025 to April 2026.

Methods: All patients of either gender, age 40 - 80 years, with confirmed diagnosis of COPD based on post-
bronchodilator spirometry were included. Spirometry was performed to determine FEV; % predicted and classify
disease severity according to GOLD stages (1-4) and classified patients into GOLD treatment groups (ABE)
according to COPD Assessment Test (CAT). Polycythemia frequency was calculated and logistic regression analysis
was performed to identify independent predictors of polycythemia in COPD patients.

Results: Two hundred COPD patients with mean age of 49.97 + 8.20 years including 148 (74.0%) males and 52
(26.0%) females. The frequency of polycythemia was 18.0% with mean resting SpO, of 89.28 + 2.53% in
polycythemia group and 90.38 + 2.71% in non-polycythemia group (p=0.027). The mean partial pressure of carbon
dioxide (PaCO,) was 47.36 = 14.04 mmHg and 47.79 + 14.00 mmHg in the polycythemia and non-polycythemia
group respectively (p=0.866). In contrast, the mean partial pressure of oxygen (PaO,) was higher in patients with
polycythemia (72.94 + 10.11 mmHg) compared to without polycythemia (68.50 £ 10.26 mmHg) (p=0.019).
Conclusion: Polycythemia is common hematological finding in COPD patients having resting hypoxemia with no
significant association with age, gender, BMI or smoking duration. However, active smoking and lower resting
Sp0O2 had somewhat influence in patients being polycythemic.

Key Words: Chronic obstructive pulmonary disease (COPD), COPD Assessment Test (CAT), GOLD Class,
Polycythemia, Smoking

Citation of article: Ain Q, Hussain G, Jadoon A, Ahmed S, Khan N. Frequency of Polycythemia in Chronic
Obstructive Pulmonary Disease (COPD) Patients Presenting to Tertiary Care Hospital. Med Forum
2026;37(7):66-71. doi:10.60110/medforum.370713.

INTRODUCTION Tobacco smoking remains a primary risk factor, leading

to progressive airway inflammation, alveolar
Chronic exposure to cigarette smoke and biomass fuel ~ destruction, and irreversible airflow limitation.® The
combustion is a major contributor to the development  pathogenesis of COPD involves a cascade of
of chronic respiratory diseases, particularly in  inflammatory responses triggered by noxious particles
developing countries.® In regions where indoor air  and gases. These responses cause structural remodeling
pollution from cooking and heating with wood, dung, or  of the airways, destruction of alveolar walls, and
crop residues is prevalent, the burden of chronic  impaired mucociliary clearance.® As lung function
obstructive pulmonary disease (COPD) is significantly declines, gas exchange becomes increasingly
heightened.?® inefficient, leading to chronic hypoxemia and, in some

cases, hypercapnia. Over time, this persistent hypoxia
stimulates erythropoietin (EPO) production by the
kidneys, resulting in increased red blood cell
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Despite  these  risks,  polycythemia  remains
underrecognized in routine COPD management,
especially in resource-limited settings.® In many
developing countries, routine hematological monitoring
is not standard practice in COPD follow-up, and the
condition may go unnoticed until complications arise.®
Identifying patients at risk can help mitigate long-term
morbidity through appropriate monitoring and early
intervention.

This aim of this study was to determine the frequency
of polycythemia among COPD patients and explore its
clinical associations in local population. Findings from
this study can guide physicians in developing countries
to adopt a more comprehensive approach in managing
COPD, emphasizing the importance of regular blood
count assessments and individualized care strategies.

METHODS

It was a cross-sectional study conducted at the
Department of Medicine, Combined Military Hospital,
Abbotabad, Pakistan a tertiary care hospital over a
period of 8 months, from September 2025 to April
2026, following approval from hospital ethical review
board (CMH-Atd-ETH-155-Med-24/dated13May2024).
The sample size was calculated using the open source
Open Epi Online sample size calculator taking
confidence interval 95%, margin of error 5% and based
on previously reported prevalence of COPD patients in
Pakistan of 13.8% in the Pakistan Chest Society (PCS)
Guidelines for the management of COPD.!9 The
estimated sample size came out to be 183 patients. Non-
probability consecutive sampling was used to recruit
patients. All patients meeting the inclusion criteria and
attending the outpatient clinic or admitted to the
pulmonology ward during the study period were
included after obtaining verbal informed consent.
Inclusion Criteria: All patients of either gender, age
40 - 80 years, with confirmed diagnosis of COPD based
on post-bronchodilator spirometry (FEV/FVC <0.70),
both stable COPD patients and those recovering from
an exacerbation (>4 weeks after resolution) were
included in the study.

Exclusion Criteria: Known cases of primary
polycythemia (polycythemia rubra vera) or other
myeloproliferative disorders, patients with secondary
polycythemia due to causes other than COPD (e.g.,
cyanotic heart disease, high-altitude residence, renal
tumors), current use of long-term oxygen therapy
initiated within the last 3 months and those with
incomplete clinical or spirometry data were excluded
from the study.

After enrollment, demographic data (age, sex, BMI,
urban/rural residence), smoking history (pack-years),
and biomass exposure were recorded. Spirometry was
performed to determine FEV; % predicted and classify
disease severity according to GOLD stages (1-4). The
COPD Assessment Test (CAT) questionnaire was

administered, and exacerbation history over the past
year was obtained to classify patients into GOLD
groups (A-D).™ Resting oxygen saturation (SpO,)
was measured via pulse oximetry. Venous blood
samples were analyzed for hemoglobin, hematocrit, and
red blood cell counts. Polycythemia was defined as
hematocrit >51% in males and >48% in females.*?
Data were entered and analyzed using Statistical
Package for Social Sciences (SPSS v25.00). Normality
of the data was checked using its skewedness and
kurtosis. Pack years were presented as median
(interquartile range) while rest of the quantitative
variables (age, BMI, SpO,, PaO, PaCO,;) were
presented as mean + SD. Categorical variables (GOLD
stage, GOLD class, polycythemia) were presented as
frequencies and percentages. Associations between
polycythemia and independent variables
(demographics, GOLD stage, GOLD class, SpO,,
PaO,) were assessed using Chi-square test for
categorical variables and independent t-test or Mann-—
Whitney U test for continuous variables, as appropriate.
Logistic regression analysis was performed to identify
independent predictors of polycythemia in COPD
patients. A p-value < 0.05 was considered statistically
significant.

RESULTS
Table No.1: Baseline Characteristics of Study
Population (n = 200)
Variable Value
Age, years (mean + SD) 49.97 + 8.20
BMI, kg/m? (mean + SD) 21.03+ 2.51
Gender, n(%) Male 148(74.0%)
Female 52(26.0%)
Resident in, n(%) Rural Area 82(41.0%)
Urban Area 118(59.0%)
Smoking Status, (%) | Current 118 (59.0%)
Ex-smoker 26 (13.0%)
Non-smoker | 56 (28.0%)
Smoking Exposure (pack-years), | 16.00(5.00)
Median [IQR]
Biomass Exposure, n(%o) 78(39.0%)
Hemoglobin, mg/dL (mean + SD) 14.45 + 2.06
SpO,, % (mean + SD) 90.18 £ 2.71
PaO2, mmHg (mean + SD) 69.30 +
10.34
PCO2, mmHg (mean + SD) 47.72 +
14.00
Gold Stage, n(%) 1 59(29.5%)
2 63(31.5%)
3 28(14.0%)
4 50(25.0%)
GOLD Class,n(%) | A 88(44.0%)
B 53(26.5%)
E 59(29.5%)
Polycythemia, n(%) 36(18.0%)
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Two hundred COPD patients were included in the study
with mean age of 49.97 + 8.20 years including 148
(74.0%) males and 52 (26.0%) females. The mean BMI
of participants was 21.03 =+ 251 kg/m? and mean
hemoglobin was found to be 14.45 + 2.71 mg/dL.
Regarding residence, 118 (59.0%) patients belonged to
urban areas while 82 (41.0%) were from rural areas.
Smoking status of participants was also noted that 118
(59.0%) were currently smoking, 26 (13.0%) were ex-
smokers and 56 (28.0%) were non-smokers but had
prolonged biomass exposure. inThe median (IQR)
smoking exposure was 16.00(5.00) pack-years, and 78
(39.0%) patients had a history of biomass fuel
exposure. The baseline characteristics of the study
population are shown in Table 1.

The overall frequency of polycythemia among COPD
patients was found to be 18.0% with gender distribution
as 26 (17.6%) males had polycythemia compared to 10
(19.2%) females. On stratified analysis, no statistically
significant  association was observed between
polycythemia and gender (p=0.788) or residence
(p=0.510). Similarly, no significant association was

found between polycythemia and biomass exposure
(p=0.695). (Table-2)

Comparison of continuous variables between patients
with and without polycythemia showed that mean age
was 48.61 + 8.39 vs 50.27 + 8.15 years (p=0.273), BMI
was 20.61 + 2.65 vs 21.12 + 2.47 kg/m? (p=0.272), and
smoking exposure was 17.50(6.00) vs 16.00(5.00)
pack-years (p=0.267) respectively. Similarly, mean
SpO, was 89.28 + 2.53% in the polycythemia group
compared to 90.38 + 2.71% in the non-polycythemia
group (p=0.027). Comparison of arterial blood gas
parameters between the two groups showed that the
mean partial pressure of carbon dioxide (PaCO,) was
47.36 £ 14.04 mmHg in the polycythemia group
compared to 47.79 * 14.00 mmHg in the non-
polycythemia group (p=0.866), showing no statistically
significant difference. In contrast, the mean partial
pressure of oxygen (PaO.) was significantly higher in
patients with polycythemia (72.94 + 10.11 mmHg)
compared to those without polycythemia (68.50 + 10.26
mmHg) (p=0.019). These findings are presented in
Table-3.

Table No. 2: Association of Polycythemia with Categorical Variables (n = 200)

Variable Polycythemia n(%0o) p-value
Yes No
Gender Male 26(17.6%) 122(82.4%) 0.788
Female 10(19.2%) 42(80.8%)
Resident of Urban 23(19.5%) 95(80.5%) 0.51
Rural 13(15.9%) 69(84.1%)
Smoking Status | Current 22 (61.1%) 96 (58.5%) 0.860
Ex-smoker 4 (11.1%) 22 (13.4%)
Non-Smoker 10 (27.8%) 46 (28.0%)
Biomass Yes 13(16.7%) 65(83.3%) 0.695
Exposure No 23(18.9%) 99(81.1%)
Table No.3: Comparison of Presence of Polycythemia with Continuous Variables (n = 200)
Variable Polycythemia (%) p-value
Yes No
Age, years (mean + SD) 48.61 + 8.39 50.27 + 8.15 0.273
BMI, kg/m2 (mean + SD) 20.61 + 2.65 21.12 +2.47 0.272
Pack-years, Median [IQR] 17.50(6.00) 16.00(5.00) 0.267
SpO,, % (mean + SD) 89.28 + 2.53 90.38+2.71 0.027
PaO,, mmHg (mean + SD) 72.94 +10.11 68.50 + 10.26 0.019
PCO,, mmHg (mean + SD) 47.36 £ 14.04 47.79 £ 14.00 0.886

DISCUSSION

The present study evaluated the frequency of
polycythemia among patients with chronic obstructive
pulmonary disease (COPD) and explored its association
with commonly assessed clinical and physiological
parameters. This study showed frequency of
polycythemia in COPD patients was 18% similar to
other reported prevalence of polycythemia around
13.2% by Ullah et al and 10.8% in another study by
Ullah et al.®®'% The findings demonstrated that while

polycythemia is present in a notable proportion of
COPD patients, it may not show a statistically
significant association with demographic factors, or
smoking exposure. However, a small yet statistically
insignificant difference was observed in markers of
disease severity such as oxygen saturation, PaO, and
PCO..

There was no significant relationship between resting
SpO, and polycythemia in this study which could
indicate that this relationship may be a complex one.
Factors such as intermittent hypoxia, nocturnal
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desaturation, and individual variability in response
towards hypoxemia might be playing a role more
important than oxygen saturation. This could explain
why patients with comparable oxygenation status do
not uniformly develop polycythemia.® Therefore,
polycythemia in COPD may not be reliably predicted
by routine clinical assessment if done alone.
Polycythemia in COPD occurs as a compensatory
response to chronic hypoxemia, leading to an increased
erythropoietin production.

Polycythemia was major finding in patients with long
standing COPD (18%), however, some patient also
found to have anemia (8.5%) noted to be anemia of
chronic disease likely due to COPD mediated systemic
inflammation. This finding was in accordance with
other studies as Sarkar et al concluded that COPD
patients had 7.5% prevalence of anemia of chronic
disease (ACD) with normal MCV.(® Malik et al also
observed this fact and reported 26% prevalence of
anemia in COPD patients.” While Sharma et al also
reported that prevalence of ACD is consistent in COPD
patients along with frequency of polycythemia in 14.2%
patients.8)

In this study the mean resting oxygen saturation (SpO>)
in patients with polycythemia was 89.28 + 2.53 as
compared to 90.38 + 2.71 in patients who didn’t have
polycythemia. This fact was also reported by Zhang et
al that severe resting hypoxemia had higher odd of
polycythemia (OR=3.50, 95% CI: 1.41-8.66).% It was
observed that polycythemia was present in 22 (61.1%)
of current smokers and 4 (11.1%) of ex-smoker whereas
10 (27.8%) non-smokers had polycythemia due to
biomass exposure. Active smoking in COPD patients
had somewhat higher odds (OR=2.55, 95% CI: 1.49-
4.38) of developing polycythemia due to resting
hypoxemia as observed by Zhang et al.(*)

The analysis of arterial blood gas parameters showed an
interesting finding in this study that patients with
polycythemia had higher PaO, levels compared to those
without polycythemia. This is contrary to the usual
understanding that lower oxygen levels lead to
increased red blood cell production. This difference
explained by the fact that a single measurement of PaO,
may not reflect long-term oxygen status. Patients may
have experienced chronic or intermittent hypoxia in the
past, leading to polycythemia, even if their current
oxygen levels appear relatively higher.

Cote et al also concluded that polycythemia was present
in 5.3% COPD patients but it was not significantly
related with resting SpO,, partial pressure of oxygen
and carbon dioxide as well as other clinical factors.®
The lack of significant difference in PaO, and PaCO,
further suggests that carbon dioxide levels do not have
a major role in the development of polycythemia in
COPD. Abdelfattah et al also explained statistically
insignificant association of resting SpO. (OR=0.896,
p=0.30), PaO, (OR=1.171, p=0.41) and PCO;

(OR=1.188, p=0.23) with COPD patient having
polycythemia.

Furthermore, the lack of association with smoking
exposure and other baseline characteristics in this study
highlights the heterogeneous nature of COPD. The
disease has many pathophysiological processes and
pathways and thus systemic manifestations such as
polycythemia may not the correspond to clinical and
routine laboratory indicators of disease severity.??
However, studies showed that extra-pulmonary features
of COPD often follow independent trajectories and
require targeted evaluation.®®

This study therefore, underscores the importance of
routine hematological assessment in COPD patients,
regardless of apparent disease severity or symptom
burden. Reliance solely on clinical staging, SpO;
measurement or symptom-based classification may lead
to under-recognition of polycythemia and its potential
complications.

CONCLUSION

This study highlighted that polycythemia is common
hematological finding in COPD patients having resting
hypoxemia with no significant association with age,
gender, BMI or smoking duration. However, active
smoking and lower resting SpO2 had somewhat
influence in patients being polycythemic. The lower
SpO2 in polycythemic patients suggest chronic
hypoxemia, a driving factor whereas paradoxical higher
PaO2 reflect compensatory physiological adaptation as
well as disease severity variability. Moreover, lack of
significant differences in age, BMI, and smoking
exposure underscores the fact that polycythemia in
COPD is not merely consequence and associated with
traditional risk factors but complex and manifestation
of COPD-related mechanism and hypoxemia. Hence,
early identification of polycythemia in COPD remains
crucial, because unrecognized, can contribute to
increased blood viscosity and associated cardiovascular
risks.

Limitations: The authors are well aware of the
limitation, single center and a limited sample size study
are amongst the major limitations of the study. This
study didn’t focused on thrombotic and cardiovascular
complications of polycythemia. This was done as a
cross-sectional study which lack the longitudinal
follow-up to observe and assess the progression of
polycythemia. Comorbidities, altitude, profession, were
not studied as potential confounding factors in this
study. Thus, further studies including RCTs should be
done with larger sample size including multicenter
approach before implementing results on wider scale.
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