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Abstract

Background and Aims: Unlike classically described polycythemia, anemia is found to

be more prevalent in patients with chronic obstructive pulmonary disease (COPD).

Anemia increases the cost of hospital stay and causes an increased risk of adverse

outcomes including death in COPD patients. This study was done to find the

prevalence of anemia in COPD patients, the factors associated, and the outcomes of

anemic COPD.

Methods: It was a quantitative, descriptive‐analytical, and cross‐sectional study

conducted in Tribhuvan University Teaching Hospital's medical wards and the

Emergency Room from September 2019 to September 2020. A simple random

sampling method was used. Clinical information was obtained, and patients were

followed up 3 months after discharge to document the number of exacerbations and

deaths if present.

Results: The patients in our study had a mean age of 70.80 ± 11.16 years. Most were

female. Most (85.5%) had a history of exposure to firewood smoke. Twenty‐three

percent of the patients had anemia and these patients had significantly greater

mortality 3 months postdischarge. Middle‐old and old were more likely to have

anemia with odds ratio (OR) of 2.55 (confidence interval [CI]: 0.48–13.5) and 13.6

(CI: 1.12–24.2), respectively. Current smokers had less likelihood of having anemia

(OR: 0.05, CI: 0.006–0.49). Multivariate analysis showed that age, sex, and smoking

status were significant determinants of anemia in COPD. There was no association

between anemia and duration of hospital stay. However, mortality was higher at 3

months in COPD patients with anemia (p < 0.001).

Conclusion: In COPD patients, anemia is prevalent comorbidity that is significantly

linked to higher mortality but not to exacerbations. It is unknown, though, if treating

anemia in COPD patients will affect the patient's outcome. Additional research in

this area may be possible.
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1 | INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a common

preventable and treatable disease that is characterized by persistent

respiratory symptoms and airflow limitation that is due to airway

and/or alveolar abnormalities usually caused by significant exposure

to noxious particles or gases. The most encountered risk factor for

COPD is smoking, with exposure to noxious stimuli also contributing

to nonsmokers.1 The prevalence, morbidity, and mortality rates of

COPD differ by nation and among various populations within nations.

According to estimates, it is more than 210 million.2 There were

960,737 persons in Nepal who had COPD in 2016, and it was

estimated that 16,302 of them passed away that year.3

Comorbidities are believed to result from a spillover of systemic

inflammation, despite the presence of shared risk factors. Anemia is

one of the comorbidities, even though polycythemia has traditionally

been emphasized in COPD. According to various retrospective and

prospective studies by Parveen et al., Shorr et al., and Halpern et al.,

anemia is a prevalent comorbidity in COPD and may be a risk factor

for unfavorable outcomes, including death, in several cases.4 Patients

with COPD who have anemia have decreased exercise capacity,

worsening hypoxemia, declining life quality, and worsening

exacerbations.5

Numerous studies that studied the prevalence of anemia in

COPD patients have been reported. Most studies are retrospective in

nature, making it challenging to evaluate because they are prone to

many types of biases. To ascertain the true prevalence of anemia in

COPD, the effects of anemia in COPD patients, and the effect of

treating anemia on clinical outcomes, we needed a sizable prospec-

tive study. The primary goal of this investigation was to determine

the prevalence and clinical effects of anemia in COPD patients. The

clinical effects evaluated included the rate of exacerbations, hospital

stay, rate of corpulmonale, and mortality rate among anemic patients

and they were compared with the cohort of patients without anemia.

2 | METHODS

It was a quantitative, descriptive‐analytical, and cross‐sectional study

followed by a cohort study done in medical wards and the Emergency

Room of Tribhuvan University Teaching Hospital, Kathmandu, Nepal.

The Institutional Review Committee of the Institute of Medicine

granted ethical clearance for this investigation, which was carried out

from September 2019 to September 2020. The research included

200 eligible COPD patients in total. The study comprised COPD

patients who were at least 40 years old and had been diagnosed with

the disease. Diagnosis of the disease was established at some point

between the past and the present (if first‐time presentation to the

hospital) by spirometry. All the patients labeled as COPD had

nonreversible airflow limitation after bronchodilator administration.

Patients with common confounders such as malignancy, chronic liver

disease, active gastrointestinal bleeding, and chronic liver disease

were eliminated. The sample size was calculated using the following

formula:
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Using this formula, based on the prevalence study done in New

Delhi, India, the prevalence of anemia in COPD was found to be 14%

of COPD patients.6

• With z = 1.96 and a level of significance of 5%, the sample size was

185, and 199 with 10% nonresponders. So, a total of 200 samples

were taken.

Data were collected in the self‐made pro‐forma sheet after

getting informed expressed consent from the patient or patient party

and were entered in MS Excel 2016.

2.1 | Case definition

• Anemia was defined with World Health Organization criteria of

<13 g/dL for males and <12 g/dL for females.

• Corpulmonale was defined with echocardiography when available

and by electrocardiography(ECG)/X‐ray when echocardiography

was not available. ECG features of corpulmonale are:

○ Peaked P wave with amplitude >2.5mm in inferior leads and

1.5 mm in leads V1 and V2.

o Right ventricular hypertrophy is defined with a right axis

deviation of 110° or more, dominant R wave in V1 (>7mm tall

or R/S ratio > 1). Dominant S wave in V5 or V6 (>7mm deep or

R/S ratio < 1), QRS duration < 120ms (i.e., changes not due to

right bundle branch block).

• Smoker: A person who has smoked 100 cigarettes in a lifetime.

• Never smoker: A person who has smoked less than 100 cigarettes

in a lifetime.

• Ex‐smoker: A person who has smoked more than 100 cigarettes in

their lifetime and has left smoking for more than a year.

• These definitions were obtained from https://www.cdc.gov/nchs/

nhis/tobacco/tobacco_glossary.htm.

2.2 | Statistical analysis

To learn more about the participant characteristics, descriptive

statistics were used. The number of exacerbations was compared
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between the anemic and nonanemic patients. Bivariate odds

ratios (ORs), 95% confidence intervals (CIs), and p value were

used to analyze the relationship between the outcome variable

(anemia) and probable variables. To determine the relationship

between variables and the outcome variable binary logistic

regression was applied. All the variables with a p value less than

0.05 and independent variables with biological plausibility for the

occurrence of the outcomes with p < 0.2 were considered

for the multivariate logistic regression model. Finally, model

validation was done by checking the interaction between

the variables by multicollinearity test where the variance inflation

factor (VIF) test was run in the final model and VIF for all

the variables was found to be less than 10. Moreover, for the

goodness of fit analysis, the model was found to be

significant with regression analysis of variance where the

p < 0.05, the mean of residuals was zero (linearity fits) and the p

value was less than 0.05 by Shapiro–Wilk's normality test

(normality fits). In addition, residuals do not have an equal

variance by the Reusch–Pagan test where the p < 0.05. The

Hosme–Lemenshow χ2 test shows the model is fitted with the

data (p < 0.05). A sensitivity analysis with the E value to measure

the robustness of the associations for unmeasured or unadjusted

confounding was performed. Stata version 13 and the statistical

software Easy R version 3.5 were utilized throughout the entire

analysis.

3 | RESULTS

The study involved 200 patients, with a mean age of

70.80 ± 11.16 years. The minimum and maximum diagnosis ages

were 41 and 97 years, respectively. Most patients (74.5%) were

former smokers, followed by 15% who were still smoking today,

and 10.5% who had never smoked. Most (85.5%) of the patients

had a history of being exposed to firewood smoke. Out

of 200 individuals with COPD, 47 (23.5%) had anemia, while

153 (66.5%) did not (Table 1). Out of these, 1% had macrocytic

anemia, 2% had microcytic anemia, 18.5% had normocytic

normochromic anemia, and 1% had mixed normocytic, normo-

chromic and micarocytic hypochromic anemia. Three of the four

people with microcytic anemia had a Fecal Occult Blood Test

positive.

Patients selected in the initial sample were followed up for 3

months. (Figure 1) Figure 2 illustrates the total number of

exacerbations in COPD patients with and without anemia over

the course of 3 months. Of these, 7.5% had no exacerbations in

anemic COPD, 8.5% had just one episode, 6.5% had two episodes,

and 1% had three episodes of acute exacerbations. In contrast,

among patients without anemia, only 35% experienced no acute

exacerbation, 24.5% did so just once, 14.5% did so twice, and

2.5% experienced three acute exacerbations. At 3 months after

discharge, there was no significant difference in the number of

TABLE 1 Demographic profile of patients included in the study.

Frequency Percentage

Age, years

40–59 38 19

60–69 43 21.5

70–79 66 33

80 and above 53 26.5

Sex

Male 67 33.5

Female 133 66.5

Occupation

Dependent 115 57.5

Housewife 45 22.5

Farmer 36 18

laborer 2 1

Business 1 0.5

Ex‐army 1 0.5

F IGURE 1 Patient selection and follow‐up flowchart. AECOPD,
acute exacerbations of chronic obstructive pulmonary disease.
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exacerbations between the anemic and nonanemic COPD

patients (p > 0.05).

Nineteen of the 75 people with corpulmonale had anemia

whereas 28 of 97 people who did not have corpulmonale had

anemia. Corpulmonale did not differ significantly in the anemic

and nonanemic COPD. Bivariate analysis showed that the odds of

having anemia are increased in the elderly population of age

70–79 years and more than 80 years (Table 2). Compared to

people aged 40–59, those aged 60–69 had a 2.55 times greater

risk of anemia. In a similar vein, anemia was 13.6 and 5.2 times

more common in persons aged 70–79 compared to people in late

adulthood. Males were 2.11 times more likely than females to

have anemia. In comparison to independent people, dependent

people had 2.11 times the odds of getting anemia. Compared to

never smokers, current and former smokers had a lower risk of

anemia. Significantly, the odds of getting anemia were 0.05 for

current smokers and 0.55 for ex‐smokers. In our study, the

prevalence or absence of anemia was not substantially correlated

with exposure to firewood. When adjusted with other factors and

variables put in multivariate analysis, age, sex, and smoking status

were significant determinants of anemia in COPD patients

(Table 3).

Anemic COPD patients spent an average of 9.7 days in the

hospital overall, compared to 8.9 days for nonanemic COPD

patients. Patients with COPD who were anemic or not did not

have a statistically different cumulative length of hospital stay.

Out of 200 patients, anemia was present in 45.9% of those who

died within 3 months, but not in the other patients. Additionally,

81.6% of those who continued to live after 3 months did not

develop anemia. When compared to cohorts of nonanemic COPD

patients, there was a substantial difference in mortality (Tables 4

and 5).

The calculated value of E with the point estimate of anemia in

COPD (23.5%), and confidence interval of 17.92 and 29.08 at

95% is obtained as 9.17. Since the E value is obtained less, it

shows that little unmeasured confounding on the anemic COPD

with its independent variables, thus proving the robustness of the

associations.

F IGURE 2 Exacerbations in patients with chronic obstructive pulmonary disease.

TABLE 2 Bivariate analysis of anemia in COPD patients by
selected variables.

Covariate
Anemia in COPD patients
Unadjusted OR 95% CI p Value

Age group (years)

Late adulthood (40–59) 1.00 <0.001

Young old (60–69) 2.55 0.48–13.50

Middle old (70–79) 13.60 2.96–62.40

Old old (80+) 5.20 1.12–24.20

Sex

Female 1.00 <0.01

Male 2.11 1.08–4.13

Occupation enrollment

Independent 1.00 0.02

Dependent 2.30 1.14–4.74

Smoking status

Never 1.00 0.03

Current 0.05 0.006–0.49

Ex 0.55 0.21–1.45

Firewood exposure

No 1.00 0.93

Yes 0.96 0.38–2.41

Abbreviations: CI, confidence interval; COPD, chronic obstructive
pulmonary disease; OR, odds ratio.
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4 | DISCUSSION

COPD is a disease of the elderly. The average age of the patients

included in the study was 70.80 ± 11.16 years which is comparable to

the Nepalese studies done. A study done by Khatri et al. in the

Nepalese Army Institute of Health Science in 2018 showed a mean

age of 69.85 ± 10.36 years, which is comparable to our study.7 It was

also comparable to the mean age seen in the study done by Shrestha

et al. in NMCTH which showed a mean age of 66.1 ± 10.9 years.8 The

minimum age of diagnosis was 41 years and the maximum age was 97

years. COPD is said to be the disease of the elderly; however, the

diagnosis of COPD at 40s and 50s in this study seems to be a true

representation of Nepalese society in which people start smoking in

late childhood or early adulthood. Nearly one‐third of people were in

the age group 70–79 years. In the study done by Shrestha et al., the

age group 60–75 had nearly half of the people.8

In our study, it was seen that 66.5% were female and 33.5% were

male. The published sex prevalence has been shown to vary

appreciably among different regions in different studies. A study

including the data from 2006 to 2009 in the midwestern region of

Nepal showed 60% of the admitted patients of COPD to be female.9

This is probably due to the increased duration of exposure to indoor

household smoking in females. Traditional energy source (cow dung,

firewood and agricultural residue) was the primary source of energy

in Nepal comprising 85% of energy consumption in the residential

sector.10,11 The patriarchal society of Nepal leaves women for indoor

cooking and hence is probably the reason why COPD is more

prevalent in Nepal. However, in the community, the prevalence of

COPD is found to be more in males.

In a 2018 research, Adhikari et al. noted that while age‐

standardized death rates and DALYs were higher among women in

Nepal, age‐standardized prevalence and incidence of COPD were

higher among men.3 Our study done in a hospital setting includes

exacerbated COPD which means that the women are likely to lose

their life or live with a disability as exacerbations have been shown to

be a risk factor for future exacerbations or death.

Anemia was prevalent in 23.5% of the total 200 samples taken.

The prevalence in this study was comparable with the prevalence

reported in a study done in Kashmir, India by Parveen et al., who

found anemia to be prevalent in 18% of COPD cases.12 A study done

in the United States found anemia to be present in 21% of cases after

excluding anemia due to nutritional factors. Our study had 18.5% of

people anemic (excluding nutritional causes) which is comparable to

the study in the United States.13

TABLE 3 Multivariate analysis of anemia in COPD patients by
selected variables.

Covariate
Anemia in COPD patients
Adjusted OR 95% CI p Value

Age group (years)

Late adulthood (40–59) 1.00 0.01

Young old (60–69) 1.70 0.29–9.78

Middle old (70–79) 9.31 1.64–52.80

Old (80+) 4.47 0.85–23.30

Sex

Female 1.00 <0.01

Male 3.45 1.56–7.59

Occupation enrollment

Independent 1.00 0.95

Dependent 1.03 0.42–2.48

Exposure hours per day in
the past week

0 (no exposure) 1.00 0.26

0–1 h 0.84 0.54–1.34

1–2 0.55 0.28–1.05

2 and more (2+) 0.59 0.24–1.45

Smoking status

Never 1.00 0.04

Current 0.05 0.004–0.53

Ex 0.39 0.12–1.25

Abbreviations: CI, confidence interval; COPD, chronic obstructive
pulmonary disease; OR, odds ratio.

TABLE 4 Association between anemia status and cumulative
duration of hospital stay among COPD patients.

Group by
hemoglobin
status

Cumulative duration of hospital stay

Observation Mean
Standard
deviation

95% Confidence
Interval

Nonanemic 153 8.85 5.24 8.02 9.69

Anemic 47 9.70 4.15 8.48 10.92

Combined 200 9.05 5.01 8.35 9.75

p = 0.84

Abbreviation: COPD, chronic obstructive pulmonary disease.

TABLE 5 Comparison of mortality of
anemic and nonanemic COPD patients at
3 months of discharge.

Variable (n = 200) Presence of anemia in COPD patients
Mortality status at 3 months Yes No Total p Value

Yes 17 (45.90) 20 (54.10) 37 (100) <0.0001

No 30 (18.40) 133 (81.60) 163(100)

Abbreviation: COPD, chronic obstructive pulmonary disease.
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A study by Chambellan et al. in 2012 revealed the probable

modification of erythropoiesis in COPD and linked tobacco smoking,

hypoxemia, and chronic inflammation as contributors to the

development of anemia.14 It has been also hypothesized that

the polymorphism of the genes to control erythropoiesis cause the

differences in the responses to the stimuli and manifestation as either

polycythemia or anemia.15 Polycythemia in COPD is due to increased

production of erythropoietin. A prospective study published in the

Egyptian Journal of Chest and Tuberculosis showed that erythropoietin

increased up to GOLD stage III of COPD and then declined.16 The

same study concluded that the probability of blunting of erythro-

poietin response to hypoxia is present in advanced COPD which

might be the cause of anemia in advanced COPD. The same study

showed anemia to be present in half of the study population and

polycythemia occurred in only the advanced stages.16 As the primary

mechanism underlying the development of anemia in patients with

COPD, most of the literature has focused on chronic disease‐related

anemia involving the hepcidin‐ferroportin axis and cytokine‐

mediated development of erythropoietin resistance.17

In 3 months of postdischarge, the rate of exacerbations was not

significantly different among the anemic versus nonanemic COPD.

In a study done by Husebø et al., in predictors of exacerbations of

COPD‐Bergen COPD cohort study, inhaled steroids, chronic cough,

COPD III and IV, and female sex were the predictors of exacerba-

tions. They didn't analyze anemia in the study.18 In susceptibility of

exacerbation in COPD, an article by Hurst et al., besides previous

exacerbations, heartburn, poor quality of life, and leukocytosis were

the predictors of exacerbation in COPD. This study didn't analyze

anemia as a predictor of exacerbation.19 So, exacerbation is

probably better predicted by the degree of airway obstruction and

retention of secretion or chronic micro‐aspiration. However, the use

of proton pump inhibitor was not associated with a decrease in

exacerbations.

The cumulative duration of hospital stay didn't seem to differ in

our study. The difference seen isn't statistically significant. However,

previous studies have shown to increase the cost of treatment of

anemic COPD. This is probably due to the increased number of

investigations done during the hospital stay in COPD patients.

Corpulmonale wasn't associated with anemia in our study.

Corpulmonale is traditionally said to be the result of hypoxic

vasoconstriction, polycythemia, and destruction of lung parenchyma

by emphysema. Since these aren't related to anemia, the finding

might have been nonsignificant. However, if analyzed with the GOLD

stage, the findings might be significant in the late stages where

severe emphysema occurs leading to hypoxic vasoconstriction and

anemia is prevalent in the late stages of COPD. Probably, when

stratified according to the GOLD stages, anemia and corpulmonale

may be related in GOLD III and IV COPD.

Bivariate analysis showed that the odds of having anemia

increased in the elderly population in the ages 70–79 years and

more than 80 years. Also, the male population in the same group had

higher anemia. This is similar to the studies done over a period of

time along different populations of the globe. The prevalence of

anemia in the elderly population has varied from 9.2% to 36.4% in

males people in the elderly and 8.1% to 30.3% in females.20–24 This

might be the reason why males and the elderly in our study had a

higher prevalence of anemia. Moreover, this is due to the fact that

the cutoff level of Hemoglobin taken for males and females are

different. Similarly, anemia was less likely to occur in the smokers and

ex‐smokers which is probably due to the fact that smoking is a major

cause of polycythemia.25 Anemia didn't seem to differ in dependent

or independent people, duration of noticed shortness of breath, and

duration of exposure to firewood smoke. When adjusted with other

factors, it didn't differ whether the person is dependent or not.

In our study, mortality at 3 months' postdischarge was

significantly associated with anemia in COPD with p value of

0.000. In a study done to reveal the impact of anemia on

hospitalization and death, anemia was associated with death and

hospitalization even after adjusting for age, sex, diabetes, and

hospitalization in the elderly.26 Anemia also predicts death in patients

admitted with decompensated heart failure.27 Anemia has long been

ignored to be present in COPD patients, so the study regarding the

prognostic implication of anemia in COPD is lacking. Further studies

are required to decipher other effects of anemia in COPD, including

quality of life and whether correction improves survival.

This study has some limitations. The results of this study may not

be generalized because it is based on a single institution, and because

it was conducted in a hospital, it is impossible to determine the true

prevalence of anemia among COPD patients. The connection

between anemia and mortality in the population with COPD is likely

to be complicated by a number of factors that were not examined in

this study.

5 | CONCLUSION

Our study has shown that anemia is a common comorbidity in COPD

patients. Females formed the major bulk of hospitalized patients with

COPD. Anemia was significantly associated with 3 months' mortality;

however, was not associated with exacerbations. There was no

difference in the presence or absence of anemia with corpulmonale.

When covariate and multivariate analysis were done, the odds of

having anemia is high in the elderly and females who never smoked.
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