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Abstract: Low concentrations of hemoglobin have previously been demonstrated in many 

patients with COPD. There is evidence of anemia as a prognostic factor in acute exacerba-

tions, but the detailed relationship between concentrations of hemoglobin and mortality is not 

known. A register-based cohort of patients admitted for the first time to Danish hospitals for 

acute exacerbations of COPD from 2007 through 2012 was established. Age, sex, comorbidi-

ties, medication, renal function, and concentrations of hemoglobin were retrieved. Sex-specific 

survival analyses were fitted for different rounded concentrations of hemoglobin. The cohort 

encompassed 6,969 patients. Hemoglobin below 130 g/L was present in 39% of males and 

below 120 g/L in 24% of females. The in-hospital mortality rates for patients with hemoglobin 

below or above these limits were 11.6% and 5.4%, respectively. After discharge, compared 

to hemoglobin 130 g/L, the hazard ratio (HR) for males with hemoglobin 120 g/L was 1.45 

(95% confidence interval [CI] 1.22–1.73), adjusted HR 1.37 (95% CI 1.15–1.64). Compared to 

hemoglobin 120 g/L, the HR for females with hemoglobin 110 g/L was 1.4 (95% CI 1.17–1.68), 

adjusted HR 1.28 (95% CI 1.06–1.53). In conclusion, low concentrations of hemoglobin are 

frequent in COPD patients with acute exacerbations, and predict long-term mortality.

Keywords: pulmonary disease, chronic obstructive, anemia, mortality, polycythemia, 

epidemiology

Introduction
COPD is a persistent, progressive airflow limitation associated with enhanced chronic 

inflammatory response in the airways.1 It is among the leading causes of mortality and 

morbidity worldwide, and is predicted to be the third-leading cause of death by 2020.1

Our understanding of COPD has evolved rapidly, and it has become clear that 

COPD is not an isolated disease of the lungs. Instead, COPD is a complex interplay 

between emphysema and airway obstruction, systemic inflammation, comorbidities, 

and metabolism, which all contribute to prognosis.2–8 Recently developed prognostic 

tools take this multifaceted pathology into account by incorporating systemic as well 

as lung-specific parameters.9,10

Hemoglobin has been suggested as an easily and inexpensively measured prognostic 

indicator. Both low and high values are encountered in COPD, though the distribution 

varies highly with the population studied. Historically, especially before the introduc-

tion of domiciliary oxygen, secondary polycythemia was a striking feature in COPD, 

but today the prevalence seems to be low.11 Instead, anemia might be more common, 

with a reported prevalence of 6.2%–46.3%.12,13

Hemoglobin can potentially capture a range of prognostic factors, as homeostasis 

can be impaired by nutrient deficiency, comorbid disease, and medication, and is modi-

fied by tissue oxygen supply and systemic inflammation. Importantly, anemia might 
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reflect iron deficiency, which has been linked to the develop-

ment of pulmonary arterial hypertension14 and presence of 

chronic inflammation, which is associated with frailty.15 Con-

centrations of hemoglobin and hematocrit have been shown 

to provide prognostic information in different populations of 

COPD patients,16–25 but in many of these studies patients with 

diseases associated with chronic anemia were excluded.12 

While this strategy provides estimates of the prevalence and 

prognostic importance of hemoglobin directly ascribable 

to COPD, it does not reflect the importance of hemoglobin 

in a real-life COPD population, where most patients have 

numerous chronic diseases.5 Cardiovascular diseases, dia-

betes mellitus, and chronic renal failure frequently coexist 

with COPD, and are associated independently of COPD with 

anemia, which aggravates prognosis.5,26,27

The aims of the present study were firstly to outline the 

pattern of hemoglobin concentrations in a large representa-

tive population of patients hospitalized for acute exacerba-

tion in COPD (AECOPD), and secondly to investigate the 

association between hemoglobin concentrations at admission 

and mortality.

Materials and methods
All in-patient hospitalizations from 1997 through 2012 were 

identified in the Danish National Patient Registry. Succes-

sive hospitalizations were merged if the discharge date of 

the first and the admission date of the second were identical. 

AECOPD hospitalizations were defined as hospitalizations 

with either a primary diagnosis of COPD (International 

Classification of Diseases [ICD]-10: DJ44) or with a com-

plex of either acute respiratory failure (ICD-10: DJ96) or 

pneumonia (ICD-10: DJ13–DJ18) as the primary diagnosis 

and COPD as a secondary, as described by Thomsen et al.28 

Hospitalizations where the patients were less than 30 years 

old were not considered AECOPD admissions, as they most 

likely represented misclassified asthma. Patients with first 

AECOPD hospitalizations in 2007 and onward were included 

in the cohort, provided they had no AECOPD hospitaliza-

tions in 1997 through 2006 and only the first hospitalization 

of a given patient was considered. Patients admitted with 

an AECOPD hospitalization in 1997–2006 were excluded 

to minimize the risk of including a repeated admission as a 

first admission.

In the National Register of Medicinal Product Statistics, 

selected prescriptions redeemed by patients in the year preced-

ing first AECOPD hospitalizations were identified and used for 

quantification of competing risk factors for anemia. A patient 

was considered a user of either antidiabetics (Anatomical 

Therapeutic Chemical [ATC] codes A10A and A10B) or 

angiotensin converting enzyme (ACE) inhibitors/angiotensin 

II receptor blocker (AT
2
R) inhibitors (ATC code C09), 

respectively, if at least one prescription had been redeemed. 

Redeemed prescriptions for medication for obstructive air-

way diseases (ATC code R03) were retrieved for sensitivity 

analysis. Entries of malignant diseases (ICD-10: DC), heart 

failure (ICD-10: DI50), and acute myocardial infarction (AMI; 

ICD-10: DI20–DI25) within 5 years prior to first hospitaliza-

tions were retrieved from the Danish National Patient Registry 

and used as proxies for presence of these diseases.

Laboratory test results were obtained for patients admit-

ted to hospitals participating in our collaboration. This 

collaboration consists of hospitals situated in different parts 

of Denmark, and admitted about 17% of all first COPD 

admissions in Denmark. First hemoglobin and lowest crea-

tinine concentrations measured in venous blood during the 

hospitalization were sampled. The final cohort consisted 

of patients who had had hemoglobin measured. According 

to the World Health Organization (WHO), concentrations 

of hemoglobin below 130 g/L for males and 120 g/L for 

females are considered diagnostic of anemia regardless of 

age,29 and this definition was applied here. Polycythemia was 

defined as concentrations of hemoglobin above 170 g/L for 

males and above 150 g/L for females.22 For survival models, 

concentrations of hemoglobin were rounded to the nearest 

10 g/L. Estimated glomerular filtration rate (eGFR), which 

is glomerular filtration normalized to the body surface area, 

was calculated from concentrations of creatinine by the 

Modification of Diet in Renal Disease formula,30 assuming 

that all patients were Caucasian. Quartiles of eGFR based 

on the distribution in the entire cohort were established and 

used as a proxy for renal function.

Information on time of death was obtained from the 

Danish Civil Registration System. Each patient was followed 

until time of death or until December 31, 2013, whichever 

came first. Cox regression models were built for the unad-

justed and adjusted relation between mortality and concentra-

tions of hemoglobin in males and females. Covariates in the 

adjusted model included age, use of antidiabetics, use of ACE 

or AT
2
R inhibitors, use of antithrombotics, quartile of eGFR, 

and diagnoses of cancer, heart failure, or AMI. We did not 

adjust for any previously documented hemoglobin values.

Sensitivity analyses were performed in three subsets of 

patients. One subset was restricted to patients who had redeemed 

medication for obstructive airway diseases within the year 

preceding the hospitalization for AECOPD, and another was 

restricted to patients who had used neither diabetics, ACE/AT
2
R 
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inhibitors, nor antithrombotics, who had eGFR in the upper 

three quartiles and who had no registrations of cancer, heart 

failure, or AMI. The last sensitivity analysis was performed 

with a definition of AECOPD hospitalizations that included 

admissions only where the primary diagnosis was DJ44.

Cox proportional hazard models were used for predic-

tion of death beyond discharge. P-values below 0.05 were 

considered significant. Statistical analyses were performed in 

SAS 9.4 (SAS Institute Inc, Cary, NC, USA) and R version 

3.2.2. In Denmark, retrospective use of register data does 

not require ethical approval or patient consent. The Danish 

Data Agency gave permission to use the data (GEH-2014-

018, I-Suite 02736).

Results
At least one measurement of hemoglobin was accessible from 

6,969 first AECOPD hospitalizations from 2007 through 

2012, corresponding to 98.3% of all AECOPD hospitaliza-

tions in our collaboration. Patients without hemoglobin 

measurements had shorter length of stay (median 1 [0–4] vs 

5 [2–9] days, P,0.00001) and reduced risk of death after 

discharge (P=0.02), but did not differ with regard to in-

hospital mortality (5% vs 7.3%, P=0.42). Hemoglobin had 

been measured on the day of admission in 93.5% of patients 

and within 2 days in 98.3%. Prescriptions for medication 

for COPD had been redeemed within the year preceding 

admission by 70.8% of patients with accessible measure-

ments of hemoglobin.

Median length of hospital stay was 8 (interquartile range 

[IQR] 3–16) days for patients who died in hospital and 

5 (IQR 2–9) days for patients who were discharged alive. 

Median follow-up time for patients discharged alive was 

1,048 (range 1–2,556) days. With anemia, normal hemoglo-

bin, and polycythemia, respectively, in-hospital mortality was 

11.6%, 5.2%, and 7% (P,0.0001). Postdischarge mortality at 

30 days was 7.8%, 3%, and 1.8% (P,0.0001) and at 1 year 

31.4%, 15.6%, and 15.3% (P,0.0001).

Demographics, laboratory test results, medication, and 

presence of selected comorbidities are reported in Table 1. 

The overall prevalence of anemia in the population was 30.9%. 

Concentrations of hemoglobin for males and females are 

depicted in Figure 1. Anemia was found in 39.1% and 23.8% 

of admitted males and females, respectively, and in 37.5% and 

22.7% of males and females discharged alive. Polycythemia 

was found in 2.6% of the admitted males and in 13.8% of the 

admitted females. Calculations of anemia prevalence upon 

standardization to definitions applied and sex ratios prevalent in 

populations found in the literature can be found in Table 2.

Figure 2 shows univariate analyses of associations 

between concentrations of hemoglobin rounded to the 

nearest 10 g/L and risk of death after discharge for males 

and females, respectively. Decreasing concentrations were 

associated with increasing risk, and even mild anemia was 

associated with increased risk. For males, compared to 

hemoglobin 130 g/L, the hazard ratio (HR) with hemoglobin 

120 g/L was 1.45 (95% confidence interval [CI] 1.22–1.73), 

whereas for females, compared to hemoglobin 120 g/L, the 

HR with hemoglobin 110 g/L was 1.4 (95% CI 1.17–1.68). 

Unadjusted HRs for males with anemia and polycythemia 

relative to normal hemoglobin concentrations were 2 (95% 

CI 1.8–2.21) and 0.97 (95% CI 0.69–1.35), respectively. 

The corresponding HRs for females were 1.83 (95% CI 

1.64–2.04) and 1.01 (95% CI 0.87–1.16). Adjustment for age, 

use of antidiabetics, use of ACE or AT
2
R inhibitors, use of 

antithrombotics, quartile of eGFR, and presence of cancer, 

heart failure, or AMI did not significantly change this. For 

males, compared to hemoglobin 130 g/L, the adjusted HR 

with hemoglobin 120 g/L was 1.37 (95% CI 1.15–1.64), 

whereas for females, compared to hemoglobin 120 g/L, the 

adjusted HR with hemoglobin 110 g/L was 1.28 (95% CI 

1.06–1.53). Adjusted HRs for males with anemia and poly-

cythemia relative to normal hemoglobin concentrations were 

1.51 (95% CI 1.36–1.68) and 1.07 (95% CI 0.77–1.5), respec-

tively. The corresponding HRs for females were 1.45 (95% 

CI 1.3–1.62) and 1.17 (95% CI 1.01–1.36). An age-adjusted 

subgroup analysis of patients who used neither antidiabetics, 

ACE/AT
2
R inhibitors, nor antithrombotics, who had eGFR 

in the upper three quartiles, and who had no registrations of 

cancer, heart failure, or AMI gave consistent results, though 

for females significance was lost. In this subgroup analysis, 

for males, compared to hemoglobin 130 g/L, the HR with 

hemoglobin 120 g/L was 1.55 (95% CI 1.05–2.28), and for 

females, compared to hemoglobin 120 g/L, the HR with 

hemoglobin 110 g/L was 1.08 (95% CI 0.69–1.7).

The same associations were seen when only patients 

who had redeemed prescriptions for COPD medication in 

the previous year were included. For males, compared to 

concentrations of hemoglobin 130 g/L, the unadjusted HR 

with hemoglobin 120 g/L was 1.49 (95% CI 1.21–1.84). For 

females, compared with hemoglobin 120 g/L, the unadjusted 

HR with hemoglobin 110 g/L was 1.51 (95% CI 1.22–1.87). 

Adjustment for age, medication, and comorbidity gave cor-

responding HRs of 1.37 (95% CI 1.11–1.69) for males and 

1.42 (95% CI 1.14–1.77) for females, respectively.

There were 5,132 first AECOPD admissions with DJ44 

(COPD) as the primary diagnosis, and 4,862 of the patients 
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survived to discharge. For males, compared to concentrations 

of hemoglobin 130 g/L, the unadjusted HR with hemoglobin 

120 g/L was 1.37 (95% CI 1.12–1.69). For females, compared 

with hemoglobin 120 g/L, the unadjusted HR with hemo-

globin 110 g/L was 1.4 (95% CI 1.13–1.72). Adjustment 

for age, medication, and comorbidity gave corresponding 

HRs of 1.21 (95% CI 0.98–1.49) for males and 1.33 (95% 

CI 1.07–1.64) for females, respectively.

Survival curves for patients discharged alive with anemia, 

normal hemoglobin levels, and polycythemia are presented 

in Figure 3. These show that when stratified for anemia, 

males and females had the same expected survival following 

hospitalization for AECOPD.

Discussion
The present study demonstrates a high prevalence of anemia 

among patients on their primary admission for AECOPD. 

Very low concentrations of hemoglobin but also concentra-

tions close to the WHO lower normal value are associated 

with significantly increased mortality.

The prevalence of anemia in this study exceeds the 

prevalence found by Martinez-Rivera et al.19 A possible 

explanation is the exclusion from that study of patients 

with certain comorbidities or severe acute disease, both of 

which are associated with low hemoglobin. In contrast, a 

higher prevalence than ours was found in Silverberg et al.31 

Possible explanations are a different case mix where, for 

example, diabetes was twice as frequent as in our popula-

tion and the exclusion from our study of patients admitted 

previously for AECOPD. In a study of patients treated with 

noninvasive ventilation for AECOPD, Mydin et al18 found 

higher prevalence of anemia than in our population. Prob-

ably, the inclusion of only patients in need of noninvasive 

ventilation shifted the case mix with regard to severity of 

Table 2 Comparison with reported frequencies of anemia in AECOPD in literature

Reference Male:female 
ratio

Patients Definition of anemia Prevalence 
in study

Prevalence 
in present 
population

Martinez-Rivera et al19 109:8 Patients admitted to wards for AECOPD 
without some severe diseases

Male and female: ,130 g/L 33% 39%

Silverberg et al31 33:27 Patients admitted for AECOPD Male and female: ,120 g/L 44% 24%
Mydin et al18 29:36 Patients admitted for AECOPD and treated 

with noninvasive mechanical ventilation
Male: ,130 g/L and 
female: ,115 g/L

42% 27%

Rasmussen et al32 100:122 Patients admitted to ICU for AECOPD and 
treated with invasive mechanical ventilation

Male and female: ,120 g/L 18% 24%

Note: Prevalence in present population reported after standardization of the male:female ratios and anemia definitions.
Abbreviations: AECOPD, acute exacerbation of COPD; ICU, intensive care unit.

Figure 1 Distribution of concentrations of hemoglobin (Hb), measured after admission for all first-time admitted patients.
Note: Dotted lines indicate World Health Organization lower limits.
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illness compared to our population, which might explain 

the in-hospital mortality rate of 33% compared to only 7% 

in our study. Previous studies have shown a low frequency 

of anemia in invasively ventilated patients.32 It might be that 

very old patients are not selected for invasive ventilation 

and that this accounts for the low frequency of anemia, as 

hemoglobin is negatively related to age.33

This study demonstrates that low concentrations of 

hemoglobin are associated with increasing mortality after 

discharge in patients admitted for AECOPD. Though this 

association is known in stable-phase COPD patients,34 to our 

knowledge only one small study has examined the association 

between anemia and long-term mortality in patients admit-

ted to hospital with AECOPD.19 The association found with 

hemoglobin ,130 g/L in that population was very strong, 

with an odds ratio for death within a year after admission 

of 5.9. The inclusion of patients in this study differed from 

ours in several ways. An unknown number of admitted 

patients were not included, due to comorbidities or immediate 

need of assisted ventilation, which limits generalizability. 

Of included patients, 57% were GOLD (Global Initiative 

for Chronic Obstructive Lung Disease) stage IV and 46% 

received long-term oxygen therapy, suggestive of a case 

mix with more advanced disease than usually seen among 

admitted COPD patients.35 It might be that anemia attribut-

able to comorbidities is less strongly associated with severity 

of COPD and mortality.

In our population, even concentrations of hemoglobin 

around the lower end of the normal range were predictive of 

mortality in COPD. This finding is consistent with a German 

study of stage III/IV COPD patients, where the association was 

strongest with cutoff levels of 151 g/L for males and 143 g/L  

for females.21 However, the CIs around these cutoff levels 

were wide and overlapped with CIs based on the WHO cutoff 

levels. The relationship between hemoglobin and mortality 

was nonlinear, as also found in our study. About 40% of 

Figure 2 Risk of death after discharge for patients discharged alive, by concentration of hemoglobin.
Notes: Measurements rounded to nearest 10 g/L. (A) Unadjusted; (B) adjusted for age, use of antidiabetics, use of ACE and/or AT2R inhibitors, use of antithrombotics, 
quartile of lowest eGFR, cancer, heart failure, and AMI. Only patients with measurements of both hemoglobin and eGFR were included.
Abbreviations: eGFR, estimated glomerular filtration rate; AMI, acute myocardial infarction; HR, hazard ratio; CI, confidence interval.
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potential participants were not included in the German study, 

due to comorbidities or treatment of anemia, which limits 

comparison with our patients. It might be argued that as 

COPD patients have high burdens of comorbidity,36 exclusion 

of study participants, while limiting confounding, produces 

estimates with limited generalizability.

The strengths of our study are the large number of patients 

and the high reliability of the Danish medical registers, with 

high positive predictive values for a number of diagnoses.37 

The COPD diagnosis applied here has a positive predictive 

value of 92%.28 In addition, the inherent ability to track 

unique patient courses virtually eliminates all but emigration 

as loss to follow-up.38 We minimized bias from probably low 

recording of anemia as a diagnosis by assessing laboratory 

test results directly and bias from the association between 

anemia and readmission by including only patients hospital-

ized for AECOPD for the first time.

Limitations
There are, however, notable limitations to our study. Firstly, our 

study was observational, which prevents inference of causal-

ity. Secondly, the generalizability of our data is limited by a 

skewness in the accessibility of laboratory test results. We only 

have access to laboratory test results from a limited number 

of hospitals and clinics. Although we have excluded patients 

admitted to outpatient clinics or part-time units, there is still 

a disproportionately low number of accessible laboratory test 

results from hospitalizations with rapid discharge relative to the 

number from prolonged hospitalizations. Thirdly, we chose to 

sample the first concentrations of hemoglobin measured during 

the hospitalizations to minimize the impact of fluid adminis-

tration on the concentrations, but the trade-off is spuriously 

high concentrations of hemoglobin in patients with severe 

dehydration on admission. Arguably, our results might thus 

not represent an association between steady-state hemoglobin 

concentration and mortality. Fourthly, we made no attempts to 

characterize anemia further when present. Fifthly, as discussed, 

comorbidities might be a confounder of the association between 

concentrations of hemoglobin and mortality. We have adjusted 

for surrogate markers of selected diseases, but the negative 

predictive values of at least some comorbidities are low in the 

Danish registers,39 which are designed mainly for administrative 

purposes. Therefore, this adjustment is probably insufficient, 

with a notable risk of residual confounding. Finally, we did not 

adjust for severity of COPD, and severity might confound the 

association between hemoglobin and mortality.

Conclusion
Anemia is a common feature in patients admitted to hospital 

for AECOPD, and the lower the concentration of hemoglobin 

at admission, the higher the risk of death after discharge. Even 

mild anemia was associated with significantly increased risk.
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