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Purpose: To assess the influence of anemia on health-related quality of life (HRQL) in 
COPD patients receiving long-term non-invasive ventilation (NIV).
Patients and Methods: In this prospective single-center cohort study, COPD patients on 
long-term NIV were analyzed between June 2015 and May 2020. Linear multiple regression 
analyses were performed using the results of the Severe Respiratory Insufficiency 
Questionnaire (SRI) along with the following variables: sex, age, body mass index, duration 
of NIV, exacerbation history (≤1 versus >1 in the previous year), the updated Charlson 
comorbidity index, hemoglobin levels and anemia (WHO criteria).
Results: Anemia was identified in 32.8% (N=128). Anemia (mean difference −8.4, 95% CI 
−2.0/-14.9 SRI points, P=0.011) and exacerbations (mean difference −9.9, 95% CI −4.3/- 
15.5 SRI points, P=0.001) each had a negative impact on SRI summary scores. 
Exacerbations were negatively associated with six out of seven SRI subscale scores, while 
anemia was negatively associated with four out of seven. SRI summary scores dropped by 
1.5 points for every g/dl of hemoglobin (P=0.08). No other variables had an influence on the 
SRI scores.
Conclusion: The present study has shown that within a cohort of COPD patients under-
going long-term NIV, one-third were identified as anemic. Furthermore, anemia, like exacer-
bation history, was found to have a considerable negative impact on HRQL that is specific to 
patients with chronic respiratory failure.
Clinical Trial Registration: German Clinical Trials Registry (DRKS00008759).
Keywords: chronic respiratory failure, exacerbations, hemoglobin, non-invasive ventilation, 
severe respiratory insufficiency questionnaire

Introduction
Chronic obstructive pulmonary disease (COPD) is a major cause of morbidity and 
mortality worldwide.1,2 In advanced stages of the disease, COPD is characterized 
by exacerbations and a severe reduction in health-related quality of life (HRQL).3 

In addition, COPD is associated with several significant co-morbidities that also 
have the potential to negatively impact on HRQL.4–7 To this end, anemia is 
increasingly being recognized in COPD patients and is also suggested to be 
responsible for an observed reduction in HRQL.8,9

As the disease progresses further, COPD patients are at high risk of developing 
chronic respiratory failure. As a result, long-term oxygen treatment (LTOT) has 
been established to treat chronic hypoxemic respiratory failure,10 while long-term 
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non-invasive ventilation (NIV) is increasingly being used 
to treat chronic hypercapnic respiratory failure.11,12 Both 
of these treatment strategies are aimed at improving long- 
term survival and HRQL, and are even combined in some 
patients.13

In modern medicine, the measurement of HRQL has 
become an important means of subjectively assessing 
health impairments.14 Disease- or condition-specific 
instruments are postulated to have the highest level of 
sensitivity when specific treatment interventions are 
being assessed, or when a specific patient cohort is being 
investigated.14 Here, the Severe Respiratory Insufficiency 
Questionnaire (SRI) is a well-validated HRQL measure for 
COPD patients with chronic respiratory failure.15–17

Several studies have previously used this highly specific 
questionnaire to assess HRQL in COPD patients with chronic 
respiratory failure.13,15,16,18 However, the impact of anemia 
on HRQL in the subgroup of COPD patients who are most 
heavily affected by this condition – ie those with chronic 
hypercapnic respiratory failure – has not yet been investi-
gated. Therefore, the present study aimed to assess the influ-
ence of those aspects of HRQL specific to chronic respiratory 
failure in COPD patients receiving long-term NIV, with 
specific emphasis on anemia. Thereby, it was hypothesized 
that anemia negatively affects HRQL in these patients.

Methods
The study was conducted as a single-centre observational 
cohort study at the Department of Pneumology, Cologne- 
Merheim Hospital, University Witten/Herdecke, Cologne. 
The study protocol for data acquisition was approved by 
the Ethics Committee for Human Studies at the University 
of Witten/Herdecke, Witten. Data collection was per-
formed in accordance with the ethical standards laid 
down in the Declaration of Helsinki (last revision: 
2013)19 and written informed consent was obtained from 
all subjects or their legal guardian. The cohort study from 
which the data were analyzed was prospectively registered 
at the German Clinical Trials Register (DRKS00008759). 
The STROBE statements for cohort studies were used as 
a guideline for presenting the results of this study.20

Data Collection and Patient 
Characteristics
Data collection was performed between June 2015 and 
May 2020. All patients allocated to long-term home NIV 
for more than one month were screened for study 

eligibility. Patients were only included if their chronic 
respiratory failure was primarily attributable to COPD. 
Patients primarily allocated to long-term home NIV for 
reasons other than COPD were excluded from the study. 
COPD patients with regularly scheduled follow-up visits 
as well as those with acute problems were included. Thus, 
patients status was documented as inpatient or outpatient 
as described in previous studies that used data from the 
same cohort.21

Data were collected via patient interviews and from the 
hospital database. The frequency of exacerbations in 
the year prior to study inclusion was documented and 
dichotomized as ≤1 or ≥2 exacerbation(s), according to the 
GOLD criteria.22 Comorbidities were identified using the 
updated Charlson comorbidity index.23 Hemoglobin levels 
were documented from a venous blood sample taken on the 
same day that patients completed the SRI questionnaire.

Data on sex, age, body mass index, and duration of 
NIV were documented. In addition, the initial reason for 
NIV treatment was categorized into the following three 
groups: 1) patients with stable chronic hypercapnia, 2) 
patients with persistent hypercapnia following acute 
hypercapnic exacerbation and 3) patients who had under-
gone prolonged weaning from invasive mechanical 
ventilation.24,25 Patient adherence was determined by 
a readout of the ventilator’s built-in software. Oxygen 
supplement levels for long-term oxygen treatment were 
documented as those used by the patient at the time of 
study inclusion.

HRQL was assessed by the Severe Respiratory 
Insufficiency Questionnaire (SRI), which was specifically 
developed and validated for patients receiving long-term 
NIV and LTOT.15,17,26 Briefly, the SRI contains 49 items 
with seven subscales that measure different aspects of 
HRQL (Respiratory Complaints, Physical Functioning, 
Attendant Symptoms and Sleep, Social Relationships, 
Anxiety, Psychological Well-Being, Social Functioning). 
The subscales can be aggregated into one summary scale. 
Each scale produces a score (0–100), with lower scores 
indicating a poorer HRQL.

All data were entered into a standardised case report 
form (CRF), subsequently documented in a pseudonymous 
fashion, and archived electronically.

Statistical Analysis
The study was planned as a pilot study and a sample-size 
calculation was performed. This revealed that at least 120 
patients needed to be included to ensure a reliable basis for 
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statistical analysis. In addition, the number of variables in 
the regression was determined while taking into account 
that there should be at least 10 observations per variable.

The data are presented descriptively as mean ± stan-
dard deviation (SD), if not otherwise stated. Two multiple 
linear regression analyses were performed with two dif-
ferent approaches to address the impact of anemia, as 
outlined in e-Figure 1. In both analyses (Analysis 1 and 
Analysis 2), the SRI scale scores served as the dependent 
variables. To adjust for confounding, sex, age, body mass 
index, duration of NIV, exacerbation history and the 
updated Charlson comorbidity index served as indepen-
dent variables. In addition, directly measured hemoglobin 
levels were included as independent variables. The origi-
nal hemoglobin values were used in Analysis 1, and the 
dichotomized groups were used in Analysis 2 as 
described as follows. Based on their hemoglobin levels, 
the groups were defined as “anemic” and “non-anemic” 
in accordance with the World Health Organization´s defi-
nition of anemia for females (Hg <12 g/dl) and males (Hg 
<13 g/dl).27 Furthermore, women and men with hemo-
globin levels >15 and >17 g/dl, respectively, were defined 
as polycythemic.28 Analysis 1 addressed the general 
influence of reduced hemoglobin on HRQL, while 
Analysis 2 addressed the influence of a morbid hemoglo-
bin deficiency – namely, anaemia – on HRQL. All con-
founding factors were analysed in the context of their 
original scales. A p-value of <0.05 was considered sta-
tistically significant. All analyses were performed on 
a complete-case basis using SPSS V.26 (IBM SPSS 
Statistics for Windows, 2017). Information on missing 
data and reasons for study exclusion are displayed in 
Figure 1.

Results
A total of 128 patients were enrolled for data analysis 
(Figure 1). NIV therapy was initiated in this patient 
cohort: (1) to treat stable chronic hypercapnic respiratory 
failure (58%), (2) following acute NIV to treat acute 
respiratory failure (40%), and (3) following prolonged 
weaning (2%). Main patient characteristics, exacerbation 
history, hemoglobin levels, number of anemic patients, 
and SRI scores are displayed in Table 1. Ventilator set-
tings were as follows: mean IPAP/EPAP settings were 
23.3 ± 4.7/6.0 ± 1.3 cmH2O, while breathing frequency 
settings were 16 ± 2 per minute. Mean adherence to NIV 
was 6.3 ± 3.5 hours per day. Eighty percent of the 
patients were on LTOT in addition to long-term NIV. 

Overall, 32.8% of the patients were anemic, while 4.7% 
had polycythemia.

According to the multiple linear regression analyses, 
both exacerbation history (when viewed as a confounding 
factor) and anemia had a significant negative impact on the 
SRI Summary Scale score (Table 2, e-Table 1), while 
reduced hemoglobin levels showed a non-significant, but 
clear trend towards a poorer SRI Summary Scale score 
(P=0.08, e-Table 1). Regression coefficients for both 
exacerbation history and hemoglobin levels (Analysis 1) 
relative to the SRI Summary Scale and SRI subscale 
scores are shown in e-Table 2. Regression coefficients 
for both exacerbation history and anemia (Analysis 2) 
depending on the SRI Summary Scale score and the SRI 
subscale scores are presented in Figure 2 and e-Table 3. 
Finally, 95% confidence intervals for the regression coeffi-
cient used in the multiple linear regression analysis 
(Analysis 2) based on the SRI scale scores are shown in 
Figure 3 (exacerbation history) and Figure 4 (anemia).

Figure 1 Flow diagram of subject recruitment and data availability. 
Abbreviations: N, number; OSAS, obstructive sleep apnea syndrome; OHS, 
obesity hypoventilation syndrome; NMD, neuromuscular diseases; SRI, Severe 
Respiratory Insufficiency Questionnaire.
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Discussion
This observational study assessed the effects of anemia, as 
well as several other factors, on HRQL in COPD patients 
receiving long-term NIV therapy. The main findings were 
as follows: (1) one third of all patients were anemic 
despite most of them being dependent on supplementary 

LTOT for the treatment of hypoxemia, while the number 
of patients with polycythemia was negligible. In addition, 
there was a predominance of male patients with anemia; 
(2) anemia and exacerbation history were found to have 
the largest negative impact on HRQL in this patient 
cohort, while other important clinical parameters such as 
BMI, duration of NIV, sex, and, notably, age did not elicit 
negative effects. Interestingly, the number and weighting 
of comorbidities did not negatively impact on HRQL 
either; (3) exacerbation and anemia primarily affected the 
psychological and social domains of HRQL, but physical 
and functional aspects were affected to a lesser degree. 
The impact of both anemia and exacerbation history is 
suggested to be of major clinical importance. In particular, 
the current study is the first to establish anemia as an 
independent and major determinant of reduced HRQL in 
COPD patients with chronic respiratory failure, based on 
measurements using a highly precise instrument.

The current study has some important clinical implica-
tions. First, the mean difference between SRI Summary 
Scale scores in anemic versus non-anemic patients was 
more than 8 points, which is considerably higher than the 
previously established, minimal clinically important dif-
ference of 5 points.29 Accordingly, the mean difference in 
SRI Summary Scale scores in terms of exacerbation was 
even higher (nearly 10 points). Moreover, SRI Summary 
Scale scores dropped by 1.5 points for every g/dl of 
hemoglobin. Even though this only tended towards statis-
tical significance, it clearly underlines the importance of 
reduced hemoglobin levels in COPD patients with chronic 
hypercapnic respiratory failure.

Previous investigations have also postulated that ane-
mia is a negative predictor of HRQL in COPD 
patients.8,30–32 However, most patients in these studies 
had milder forms of COPD and were not dependent on 
long-term NIV. In addition, the impact of anemia in some 

Table 1 Patient Characteristics, Exacerbation History, 
Hemoglobin Levels, Number of Anemic Patients, and SRI 
Scores (n=128, if Not Otherwise Stated)

Mean ± SD

Age [years] 65.6 ± 8.1

Female/male [%] 46.1/53.9

Body mass index [kg/m2] 27.4 ± 8.3

*Smoking [pack years] 56.0 ± 25.9

Duration of NIV [years] 1.7 ± 1.8

Exacerbation history (preceding 12 months) (N=124)

≤1 exacerbation/≥2 exacerbations [%] 56.5/43.5

Updated Charlson Comorbidity Index (N=127) 2.3 ± 1.9

Hemoglobin level [g/dl] 13.1 ± 1.9

Anemia [%] 32.8

- Male [% of all anemic patients] 64.3
- Female [% of all anemic patients] 35.7

SRI summary scale 50.3 ± 17.5

SRI subscale scores

- Respiratory complaints 48.6 ± 20.7
- Physical functioning 34.3 ± 23.2

- Attendant symptoms and sleep 56.2 ± 23.0

- Social relationships 66.8 ± 21.5
- Anxiety 44.3 ± 25.8

- Psychological well-being 53.8 ± 20.5

- Social functioning 47.8 ± 21.7

Note: *76% former smokers and 24% current smokers. 
Abbreviations: SD, standard deviation; NIV, non-invasive ventilation; SRI, Severe 
Respiratory Insufficiency Questionnaire.

Table 2 Multiple Linear Regression Analysis, with the SRI Summary Scale Score as the Dependent Variable (N=128)

Independent Variables and Confounders Regression Coefficient 95% CI (Lower/Upper Limit) P-value

Age (for each additional year) 0.133; −0.235/0.502 0.475
Sex (women vs men) 0.274; −5.756/6.304 0.928

BMI (for each additional index-point) −0.209; −0.581/0.164 0.270

Duration of NIV (for each additional month) −0.076; −0.213/0.061 0.273
*Exacerbation history (positive vs negative) −9.899; −15.455/-4.344 0.001

Updated Charlson Comorbidity Index (for each additional index-point) 0.562; −1.012/2.136 0.481

*Anemia (positive vs negative) −8.438; −14.901/-1.975 0.011

Note: *Dichotomized categories as defined in the text. 
Abbreviations: CI, confidence interval; NIV, non-invasive ventilation; SRI, Severe Respiratory Insufficiency Questionnaire; BMI, body mass index.
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of these studies was also partly attributed to co- 
morbidities.8 Thus, the present study suggests that anemia 
is capable of negatively influencing HRQL, particularly in 

COPD patients with severe chronic respiratory failure. 
Moreover, the impact of anemia on HRQL observed in 
the present study was highly similar to that of exacerbation 

Figure 2 Regression coefficients for anemia and exacerbation history in relation to SRI scores. 
Notes: Colored bars (grey for anemia, black for exacerbation history) indicate statistical significance (P <0.05); white bars indicate non-significance (P >0.05). 
Abbreviations: SRI, Severe Respiratory Insufficiency Questionnaire; SS, Summary Scale; RC, Respiratory Complaints; PF, Physical Functioning; AS, Attendant Symptoms and 
Sleep; SR, Social Relationships; AX, Anxiety; WB, Psychological Well-Being; SF, Social functioning.

Figure 3 95% confidence intervals for the regression coefficient of SRI scores used in the multiple linear regression analysis for exacerbation history. 
Notes: Black bars (exacerbation history) indicate statistical significance (P <0.05); white bars indicate non-significance (P >0.05); vertical line within each bar represents the 
regression coefficient. 
Abbreviations: SRI, Severe Respiratory Insufficiency Questionnaire; SS, Summary Scale; RC, Respiratory Complaints; PF, Physical Functioning; AS, Attendant Symptoms and 
Sleep; SR, Social Relationships; AX, Anxiety; WB, Psychological Well-Being; SF, Social functioning.
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history, which has been defined in numerous trials as 
a major negative factor in terms of HRQL.33–35 

Accordingly, the prevention of exacerbations has been 
defined as a major goal in the treatment of COPD, and 
this is also aimed at maintaining HRQL. Therefore, the 
successful treatment of anemia might also serve as 
a means of improving HRQL in these patients. This parti-
cularly holds true in view of clinical findings in patients 
with cancer of different origins, in whom HRQL has been 
suggested to improve following successful treatment of 
anemia.36,37 However, whether this is also pertains to 
patients suffering from advanced COPD with chronic 
respiratory failure remains speculative, and hence needs 
to be elucidated in future clinical trials.

There is also an ongoing debate about whether long- 
term NIV should be instituted in COPD patients with 
chronic hypercapnic respiratory failure. Here, a recent 
task force of the European Respiratory Society has con-
ditionally supported the application of long-term NIV to 
improve health outcome in these patients.38 Specifically, 
the positive effects of long-term NIV on HRQL were 
identified according to this analysis. In contrast, a recent 
meta-analysis postulated the opposite to be true, since 

there was no difference in HRQL in patients with versus 
without long-term NIV. Clearly, this discrepancy could be 
explained by the fact that different studies were included 
in the analysis, or even by the different measurement tools 
used to assess HRQL.11 Based on the current findings, this 
discrepancy might also be explained by the disparate 
number of anemic patients across various studies. This is 
supported by the observation that the prevalence of anemia 
is strongly heterogeneous (range: 7.5–34%), depending on 
the study cohort.31 Based on this, future studies investigat-
ing long-term NIV in COPD patients should also address 
the role of anemia in determining HRQL and clinical 
outcome.

Another interesting observation refers to the updated 
Charlson Comorbidity Index.23 Of note, the primary aim 
of this update was to predict the probability of mortality 
within 12 months, however, in the present study, this 
particular index did not have a negative impact on 
HRQL, without even a tendency towards significance 
when used as a confounder. This clearly emphasizes the 
notion that factors influencing HRQL are not comparable 
with factors that influence mortality and should therefore 
be considered independently from one another. This 

Figure 4 95% confidence intervals for the regression coefficient of SRI scores used in multiple linear regression analysis for anemia. 
Notes: Grey bars (anemia) indicate statistical significance (P <0.05); white bars indicate non-significance (P >0.05); vertical line within each bar represents the regression 
coefficient. 
Abbreviations: SRI, Severe Respiratory Insufficiency Questionnaire; SS, Summary Scale; RC, Respiratory Complaints; PF, Physical Functioning; AS, Attendant Symptoms and 
Sleep; SR, Social Relationships; AX, Anxiety; WB, Psychological Well-Being; SF, Social functioning.
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reemphasizes the importance of reduced HQRL associated 
with anemia in advanced COPD patients to determine the 
proper therapeutic goal.

The present study has some limitations. Firstly, because 
both inpatients and outpatients were enrolled, the current 
cohort could be deemed somewhat heterogeneous. However, 
HRQL assessment with the SRI was based on the circum-
stances that occurred in the two weeks prior to enrolment, 
when all patients were at home. In addition, the aim of the 
study was to establish a real-life clinical setting and enroll 
a large number of COPD patients with severe chronic respira-
tory insufficiency. Moreover, it was ensured that only COPD 
patients were included, while those with other primary causes 
of chronic respiratory failure were excluded. The data do not 
allow general speculation on the etiology of anemia in this 
cohort. However, since only patients allocated to long-term 
home NIV for more than one month were included we con-
sider possible short-term effects of repeated blood draws dur-
ing prolonged weaning to be minimal. Therefore, the current 
cohort is suggested to reflect a real-life clinical setting. 
Another issue is that the level of autonomy impairment was 
not considered to be a potential predictor of HRQL in the 
present trial;21 this therefore needs to be addressed in future 
trials.

Conclusions
In conclusion, the present study has shown that within 
a cohort of COPD patients undergoing long-term NIV, 
one third were identified as anemic. Furthermore, like 
exacerbation history, anemia plays a highly important 
role in reducing HRQL in patients with chronic respiratory 
failure, whereas other important clinical parameters and 
potential confounding factors such as body mass index, 
duration of NIV, sex, age and comorbidities had no impact 
on HRQL in these patients.

Abbreviations
AS, attendant symptoms and sleep; AX, Anxiety; BMI, 
body mass index; CI, confidence interval; CRF, case report 
form; COPD, chronic obstructive pulmonary disease; 
EPAP, expiratory positive airway pressure; GOLD, global 
initiative for chronic obstructive lung disease; Hg, hemo-
globin; HRQL, health-related quality of life; IPAP, inspira-
tory positive airway pressure; LTOT, long-term oxygen 
treatment; NIV, non-invasive ventilation; NMD, neuro-
muscular diseases; OHS, obesity hypoventilation syn-
drome; OSAS, obstructive sleep apnea syndrome; PF, 
physical functioning; RC, respiratory complaints; SD, 

standard deviation; SF, social functioning; SR, social rela-
tionships; SRI, severe respiratory insufficiency question-
naire; SS, summary scale; uCCI, updated Charlson 
comborbidity index; WB, psychological well-being; 
WHO, World Health Organization.
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