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Article History: Abstract: Background: Chronic obstructive pulmonary disease is 

often complicated by a state of chronic hypoxemia, which may result 

in secondary polycythemia as a compensatory body reaction. 

However, little information is available about the prevalence and risk 

factors for this complication and its implications among local 

populations of Pakistan. Objective: To determine the prevalence, risk 

factors, and clinical outcomes of secondary polycythemia in patients 

with COPD at a tertiary care hospital .Methods: The study is a cross-

sectional analytical study, and it was conducted at the Medical 

Teaching Institution, Ayub Medical Complex Abbottabad, from 

January 1, 2022, to December 1, 2022. In this study, 220 patients were 

included after spirometric confirmation of COPD. Demographic 

characteristics, smoking habits, disease severity according to GOLD 

classification, oxygen saturation levels (SpO₂), hematologic 

parameters, and outcomes were documented. Secondary polycythemia 

was identified based on gender-specific hemoglobin and hematocrit 

levels. Statistical analysis was performed using SPSS software for 

descriptive statistics, chi-square test, independent t-test, and 

multivariate logistic regression analysis .Results: The mean age of 

participants was 62.6 ± 9.8 years, with 70.0% males. Secondary 

polycythemia was observed in 11.8% of patients. It was significantly 

associated with hypoxemia (p < 0.001), advanced COPD (p < 0.001), 

and increased hospitalization rates (p < 0.001). Patients with 

polycythemia had lower SpO₂ and FEV1 levels (p < 0.001). On 

multivariate analysis, hypoxemia emerged as the only independent 

predictor (OR = 43.28, p < 0.001).Conclusion: Secondary 

polycythemia is a clinically relevant complication in COPD and is 

strongly associated with hypoxemia and increased disease burden. 

Early identification and management of hypoxemia may help reduce 

the risk and improve clinical outcomes. 
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INTRODUCTION 
Chronic obstructive pulmonary disease (COPD) is a 

serious public health problem that continues to cause 

substantial morbidity and mortality and utilize 

extensive healthcare resources [1]. COPD is now 

being recognized as one of the most important causes 

of mortality, especially in low- and middle-income 

countries, where exposure to cigarette smoke, biomass 

fuels, and environmental toxins is common [2,3]. In 

South Asian countries, including Pakistan, COPD is 

further complicated by delayed diagnosis and 

treatment, and a high prevalence of risk factors [4,5]. 

It is in this context that the patients are seen in the late 

stages of the disease process with systemic 

manifestations involving different body systems, 

thereby necessitating the evaluation of the patient [6]. 

One of the important manifestations of the 

progression of COPD is the development of chronic 

hypoxemia, which is the result of the sustained 

decrease in airflow and the defective gas exchange 

process [7]. This sustained decrease in the level of 

oxygen in the blood eventually triggers the body’s 

compensatory mechanisms to maintain the level of 

tissue oxygenation [8]. While the compensatory 

mechanisms are beneficial in the early stages of the 

disease process, the sustained effect of the disease 

process eventually manifests in the form of 

maladaptive changes [9]. 

 

The compensatory changes in the disease process are 

in the form of the development of secondary 

polycythemia, which is defined as the increase in the 

level of red blood cells in the blood in response to the 

sustained decrease in the level of oxygen in the blood 

[10,11]. This process is mediated through the 

sustained increase in the level of erythropoietin in the 

blood [12]. This increase in the level of hematocrit in 

the blood is a double-edged sword. While this 

sustained increase in the level of hematocrit in the 

blood is advantageous in the short term, it also has the 

adverse effect of causing disturbances in the blood 

circulation process. This is of immense clinical 

concern in the context of patients with COPD, as this 

factor has the direct potential of affecting the 

progression of the disease process [13]. 

 

The implications of the disease process are immense 

in the context of patients with COPD and the 

development of secondary polycythemia [14]. The 

sustained increase in the level of hematocrit in the 

blood has the adverse effect of leading to several 

complications, including the development of 

hyperviscosity syndrome, the development of 

thromboembolic phenomena, and the development of 

pulmonary hypertension [15]. 

 

All these may result in a deterioration in functional 

capacity, increased hospitalizations, and adverse 

outcomes. However, this is often not recognized in 

routine practice, especially in resource-constrained 

environments[16]. 

 

The prevalence and risk factors for secondary 

polycythemia in patients with COPD have been 

explored in the existing literature to some extent. 

However, the prevalence rates and risk factors have 

been inconsistent [17,18]. This inconsistency can be 

due to differences in the population studies and the 

diagnostic criteria. In addition, the availability of 

studies from developing countries like Pakistan is 

scarce. In addition to this, there is a lack of studies that 

have explored the relationship between the prevalence 

and risk factors for secondary polycythemia and 

clinical outcomes in one population of patients. In this 

regard, the current study aims to fill this knowledge 

gap by investigating the prevalence of secondary 

polycythemia and its associated risk factors and 

clinical outcomes in patients with chronic obstructive 

pulmonary disease in a tertiary care hospital in 

Abbottabad, Pakistan. Tertiary care hospitals are 

those that provide medical care to patients who have 

already been treated in a primary care hospital and 

require specialized care for their medical conditions. 

In this regard, patients attending a tertiary care 

hospital for chronic obstructive pulmonary disease 

will have more severe disease and a greater number of 

associated risk factors. This will provide a more 

accurate clinical scenario for patients with chronic 

obstructive pulmonary disease in general. 

The current study aims to determine the prevalence of 

secondary polycythemia and its associated risk factors 

and clinical outcomes in patients with chronic 

obstructive pulmonary disease in a tertiary care 

hospital in Abbottabad, Pakistan. 

 

MATERIALS AND METHODS 
 

This was a cross-sectional analytical study that was 

conducted in the Medical Teaching Institution, Ayub 

Medical Complex Abbottabad, Pakistan. The period 

for which this study was conducted was from the 1st 

of January 2022 to the 1st of December 2022. This 

study was aimed at assessing the prevalence of 

secondary polycythemia and its associated risk factors 

and clinical outcomes in patients with chronic 

obstructive pulmonary disease. Ethical approval was 

obtained before the start of the study. Informed 

consent was obtained from the patients. 

Confidentiality of patient information was maintained 

throughout the study period. 

 

The sample size was calculated using a formula for 

prevalence-based studies. It was estimated that the 

prevalence of secondary polycythemia was going to be 

15%. The confidence level was set at 95%. The margin 

of error was set at 5%. The minimum sample size was 

estimated to be 196 patients. In this study, a total of 

220 patients were included. 
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The study population consisted of patients aged 40 

years and above, of either gender, with a confirmed 

diagnosis of COPD. The diagnosis was made on the 

basis of spirometric values, with the FEV1/FVC ratio 

being less than 0.70. The patients were recruited from 

outpatient clinics as well as inpatient departments. 

The inclusion criterion for the patients was the 

presence of documented evidence of the diagnosis of 

COPD, and the patient should either be stable or 

present with acute exacerbations. The exclusion 

criterion was the presence of any condition known to 

independently alter the hematological parameters, 

such as primary polycythemia, hematological 

malignancy, chronic renal disease, congenital heart 

disease, or history of recent transfusion of blood 

products within the preceding three months. The data 

was collected using a structured proforma, and the 

data collection was done on the basis of patient 

presentation. The data collected included 

demographic information such as age, gender, and 

residential area, along with the history of smoking 

quantified in terms of pack years and the duration of 

disease since the diagnosis. The clinical evaluation of 

the patient included the assessment of symptoms, 

peripheral oxygen saturation using pulse oximetry, 

and arterial blood gas analysis. The laboratory 

investigations included the determination of the level 

of hemoglobin and the hematocrit level. The severity 

of the disease was determined by spirometry, and the 

severity was graded based on the GOLD 

classification. The history of the frequency of acute 

exacerbations over the preceding year and the history 

of hospitalizations due to acute exacerbations were  

also documented. 

 

The secondary polycythemia was operationally 

defined by elevated levels of hemoglobin and 

hematocrit. The criteria for secondary polycythemia 

were set as values greater than 16.5 g/dL for men and 

values greater than 16.0 g/dL for women for 

hemoglobin. For hematocrit values, the criteria for 

secondary polycythemia were set as values greater 

than 49% for men and values greater than 48% for 

women. The hypoxemia was defined by a peripheral 

saturation of oxygen (SpO2) of less than 90% 

breathing room air and/or a partial pressure of arterial 

oxygen (PaO2) of less than 60 mmHg. The severity of 

COPD was defined by GOLD staging based on FEV1 

values after bronchodilator. Acute exacerbations of 

COPD were defined by episodes of increased 

symptoms of COPD that necessitated additional 

therapy. Hospitalization was defined by hospital 

admission for COPD-related complications. 

 

The Statistical Package for the Social Sciences (SPSS), 

version 25.0, was used for entering and analyzing the 

data. Descriptive statistics were computed for the 

entire set of variables. The results for the continuous 

variables were expressed as mean values ± SD. The 

results for the categorical variables were expressed as 

frequency and percentages. Comparative studies 

between patients with and without secondary 

polycythemia were done using the t-test for 

continuous variables and the chi-square test for 

categorical variables. Multivariate logistic regression 

was used to determine the risk factors for secondary 

polycythemia while adjusting for confounders. The 

results were expressed as odds ratio with its 95% 

confidence interval. The results were considered 

significant if the p-value was ≤0.05.

 

RESULTS 
 

A total of 220 patients with known chronic obstructive pulmonary disease (COPD) were included in the study. The 

mean age of the patients included in the study was 62.6 years ± 9.8 years. The majority of patients included in the 

study were males (70.0%), and the mean body mass index (BMI) was 24.7 kg/m² ± 3.9 kg/m². The majority of 

patients included in the study had moderate to severe disease. The percentage of patients included in the study was 

40.0% for GOLD stage II and 35.0% for GOLD stage III. The percentage of patients included in the study with 

hypoxemia was 30.5%. The baseline characteristics of patients included in the study are mentioned in Table 1. 
Table 1: Baseline Characteristics of the Study Population (n = 220) 

Variable Value 

Age (years) 62.6 ± 9.8 

BMI (kg/m²) 24.7 ± 3.9 

FEV₁ (% predicted) 49.8 ± 18.6 

SpO₂ (%) 91.2 ± 3.4 

Hemoglobin (g/dL) 15.2 ± 1.6 

Male gender 154 (70.0%) 

Female gender 66 (30.0%) 

Smoking status  

─ Current smokers 102 (46.4%) 

─ Former smokers 63 (28.6%) 

─ Never smokers 55 (25.0%) 
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GOLD stage  

─ Stage I 22 (10.0%) 

─ Stage II 88 (40.0%) 

─ Stage III 77 (35.0%) 

─ Stage IV 33 (15.0%) 

Hypoxemia (SpO₂ <90%) 67 (30.5%) 

Secondary polycythemia 26 (11.8%) 

 

The secondary polycythemia was identified in 26 patients, giving a prevalence of 11.8%. Patients with polycythemia 

had lower oxygen saturation levels and more severe disease than those without polycythemia. 

 

In the bivariate analysis, secondary polycythemia was associated with markers of disease severity and hypoxemia. 

The percentage of patients with secondary polycythemia who had hypoxemia was significantly higher than those 

without polycythemia (92.3% vs 22.2%, p < 0.001). Patients with secondary polycythemia had more advanced 

COPD (GOLD III-IV) than those without polycythemia (88.5% vs 45.8%, p < 0.001). Patients with secondary 

polycythemia had a higher percentage of hospitalizations than those without polycythemia (69.2% vs 28.9%, p < 

0.001), as shown in Table 2. 

 

Table 2: Association of Secondary Polycythemia with Clinical Variables 

A. Categorical Variables 

Variable Polycythemia Yes (n=26) Polycythemia No (n=194) p-value 

Hypoxemia (SpO₂ <90%) 24 (92.3%) 43 (22.2%) <0.001 

Normal SpO₂ 2 (7.7%) 151 (77.8%)  

GOLD Stage III–IV 23 (88.5%) 89 (45.8%) <0.001 

GOLD Stage I–II 3 (11.5%) 105 (54.2%)  

Hospitalization 18 (69.2%) 56 (28.9%) <0.001 

No Hospitalization 8 (30.8%) 138 (71.1%)  

 

Continuous Variables 

Variable Polycythemia Yes (Mean ± SD) Polycythemia No (Mean ± SD) p-value 

SpO₂ (%) 87.8 ± 2.5 91.8 ± 3.1 <0.001 

FEV₁ (% predicted) 39.6 ± 8.2 55.1 ± 17.4 <0.001 

Hemoglobin (g/dL) 17.3 ± 0.9 14.1 ± 1.2 <0.001 

Age (years) 60.2 ± 8.7 62.9 ± 9.9 0.15 

BMI (kg/m²) 23.9 ± 3.6 24.4 ± 4.0 0.57 

 

In terms of continuous variables, patients with polycythemia were found to have lower mean oxygen saturation 

(87.8% vs. 91.8%, p < 0.001) and lower FEV1 (% predicted) (39.6% vs. 55.1%, p < 0.001). Hemoglobin was found 

to be higher in the polycythemia patient group compared to the non-polycythemia patient group (17.3 vs. 14.1 g/dL, 

p < 0.001). There were no significant differences found for the continuous variables of age, BMI, smoking, ICU 

admission, or the presence of comorbidities (p > 0.05). 

 

Multivariate logistic regression analysis was performed to identify the independent predictors of secondary 

polycythemia. After adjusting for all the possible confounding variables, the only independent predictor for 

secondary polycythemia was found to be hypoxemia. The patient group with hypoxemia was found to have very 

high odds for the development of secondary polycythemia (p < 0.001, OR = 43.28, 95% CI: 7.12-263.4). The 

results of the regression analysis are presented in Table 3. 

Table 3: Multivariate Logistic Regression Analysis for Predictors of Secondary Polycythemia 

Variable Odds Ratio (OR) 95% Confidence Interval p-value 

Age (years) 0.98 0.92 – 1.02 0.36 

BMI (kg/m²) 0.93 0.81 – 1.07 0.34 

Pack-years 1.01 0.98 – 1.03 0.49 

Hypoxemia (SpO₂ <90%) 43.28 7.12 – 263.4 <0.001 

GOLD Stage (III–IV) 1.08 0.20 – 5.61 0.92 

Overall, the results suggest that secondary polycythemia in COPD is strongly related to chronic hypoxemia and is 

associated with disease severity and hospitalization rates. 
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DISCUSSION  
 

The present study assessed the prevalence, risk factors, 

and outcomes of secondary polycythemia in patients 

suffering from COPD and identified various 

determinants and outcomes in a tertiary care setting. 

The results show that secondary polycythemia is a 

clinically important complication and is prevalent in 

11.8% of patients suffering from COPD. More 

importantly, this study identified chronic hypoxemia 

as a key determinant for secondary polycythemia and 

emphasized its link to disease severity and poor 

outcomes. 

 

The prevalence of secondary polycythemia in this 

study is similar to previous reports and ranges from 5-

20%. The prevalence may be related to various 

factors, including disease characteristics and 

improved management strategies for COPD patients 

[17–19]. Compared to previous studies, this study may 

show a slightly lower prevalence due to improved 

management and monitoring of patients suffering 

from COPD. More importantly, this study identified 

that patients suffering from COPD and experiencing 

hypoxemia have a significantly greater risk for 

developing secondary polycythemia. Hypoxemia is 

identified as a key predictor for secondary 

polycythemia in this study. More specifically, patients 

experiencing less than 90% oxygen saturation levels 

have a greater probability for developing secondary 

polycythemia. Hypoxemia is identified as the only 

predictor for secondary polycythemia in this study. 

The link between secondary polycythemia and 

hypoxemia is evident and is related to erythropoietin 

levels and compensatory mechanisms for low oxygen 

levels in patients suffering from COPD. The link is 

evident and is related to erythropoietin levels and 

compensatory mechanisms for low oxygen levels [15]. 

 

While there was a significant association between the 

severity of disease, as measured by the GOLD staging 

system, and polycythemia in the bivariate analysis, 

this was not sustained in the regression analysis. This 

suggests that the role of disease severity is mediated 

through hypoxemia and is not independent. This is an 

important distinction because polycythemia is not 

caused by the severity of airflow limitation but is 

caused by the degree of hypoxemia [20]. This is an 

important clinical distinction because one must focus 

on hypoxemia rather than airflow limitation in the 

assessment of polycythemia risk in patients with 

chronic obstructive pulmonary disease. 

 

Another interesting observation from this study is that 

patients with secondary polycythemia have a 

significantly higher rate of hospitalization. This is an 

important observation because polycythemia is clearly 

having an important clinical role in patients with 

chronic obstructive pulmonary disease. Polycythemia 

is often considered to be one of the markers for 

chronic obstructive pulmonary disease because blood 

viscosity is known to be high in patients with 

polycythemia. This can lead to problems in patients 

with chronic obstructive pulmonary disease because 

blood is known to be thicker. While there was no 

significant association with ICU admission, this could 

be because of other factors [17]. 

 

Interestingly, age, BMI, and smoking exposure were 

not independently associated with secondary 

polycythemia in this study. Smoking, which is a well-

known risk factor for COPD, indirectly contributes to 

secondary polycythemia by inducing hypoxemia, 

which is a major risk factor for the condition. 

Similarly, age, BMI, and other demographic and 

anthropometric factors, while possibly influencing the 

course of the disease, do not directly contribute to 

secondary polycythemia, especially after accounting 

for the effects of oxygenation[21,22]. 

 

The results of this study have a number of clinical 

implications for the management of patients with 

COPD. The results of the study highlight the 

importance of routine monitoring of oxygen 

saturation levels in patients with COPD, as the 

detection of hypoxemia as the major risk factor for 

secondary polycythemia can help in the timely 

management of the condition, thereby reducing the 

risks of secondary polycythemia and its associated 

complications. The results of the study also highlight 

the fact that patients with COPD should be monitored 

for secondary polycythemia, especially in the late 

stages of the disease, as timely management of the 

condition can help in improving patient outcome. 

 

It should, however, be noted that this study has some 

limitations, which include the fact that the study was 

a single-center study, which might limit the 

generalization of the results to other populations. The 

fact that the study was a cross-sectional study might 

also limit the establishment of causality between the 

variables. Furthermore, the fact that some 

confounding variables might have affected the results, 

despite the efforts made to include all relevant 

variables, should also be noted. 

 

The study has shown that secondary polycythemia is 

a relatively common condition among COPD 

patients, which is associated with hypoxemia, the 

severity of the disease, and increased hospitalization 

rates. 

 

CONCLUSION  
 

This research has proved that secondary polycythemia 

is an important complication in the clinical course of 

chronic obstructive pulmonary disease, with a 

prevalence of 11.8% in the tertiary hospital setting. 
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The research has also proved that chronic hypoxemia 

is the main and independent predictor of secondary 

polycythemia. 

 

Patients with secondary polycythemia were found to 

have more severe disease and higher rates of 

hospitalization, thus confirming the association of 

secondary polycythemia with increased disease 

severity and poor clinical outcomes. The research has 

proved that secondary polycythemia may be an 

important clinical marker for the presence of 

hypoxemia in the clinical course of COPD. 

 

It is very important to monitor the level of oxygen 

saturation in the management of patients with COPD, 

and the early detection of hypoxemia may help in the 

prevention of secondary polycythemia and its 

complications. Further research is recommended to 

evaluate the impact of secondary polycythemia on the 

mortality rate in the clinical course of COPD. 
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