Early View
Original research article

Neutrophil-to-lymphocyte ratio, blood eosinophils
and COPD exacerbations: a cohort study
Jens Ellingsen, Christer Janson, Kristina Bröms, Karin Lisspers, Björn Ställberg, Marieann Högman,
Andrei Malinovschi

Please cite this article as: Ellingsen J, Janson C, Bröms K, et al. Neutrophil-to-lymphocyte
ratio, blood eosinophils and COPD exacerbations: a cohort study. ERJ Open Res 2021; in press
(https://doi.org/10.1183/23120541.00471-2021).

This manuscript has recently been accepted for publication in the ERJ Open Research. It is published
here in its accepted form prior to copyediting and typesetting by our production team. After these
production processes are complete and the authors have approved the resulting proofs, the article will
move to the latest issue of the ERJOR online.

Copyright ©The authors 2021. This version is distributed under the terms of the Creative Commons
Attribution Non-Commercial Licence 4.0. For commercial reproduction rights and permissions
contact permissions@ersnet.org

Neutrophil-to-lymphocyte ratio, blood
eosinophils and COPD exacerbations:
a cohort study
Jens Ellingsen1, Christer Janson1, Kristina Bröms2, Karin Lisspers2, Björn Ställberg2,
Marieann Högman1, Andrei Malinovschi3

Author affiliations:
1

Department of Medical Sciences, Respiratory, Allergy and Sleep Research, Uppsala

University, Uppsala, Sweden.
2

Department of Public Health and Caring Sciences, Family Medicine and Preventive

Medicine, Uppsala University, Uppsala, Sweden.
3

Department of Medical Sciences, Clinical Physiology, Uppsala University, Uppsala, Sweden.

Correspondence:
Jens Ellingsen
Department of Medical Sciences,
Respiratory, Allergy and Sleep Research
Akademiska sjukhuset
SE-751 85 Uppsala, Sweden
Tel: +46 18 611 13 93
Fax: +46 18 611 02 28
E-mail: jens.ellingsen@medsci.uu.se

Take home message: Neutrophil-to-lymphocyte ratio and blood eosinophils in stable-phase
COPD are associated with future exacerbations and show fair longitudinal reliability.

Abstract
Background
Blood neutrophil-to-lymphocyte ratio (NLR) and blood eosinophils (B-Eos) are emerging
biomarkers in COPD. This study examined if they can predict acute exacerbations
(AECOPD), and determined their longitudinal stability.
Methods
In this closed cohort study, Swedish subjects with spirometry-verified COPD attended three
yearly visits in a stable phase of the disease. Blood cell counts, spirometry and
questionnaire-assessed AECOPD history (worsening of COPD leading to an unscheduled
visit and/or use of antibiotics and/or oral corticosteroids) were collected at each visit.
Results
Of 466 included subjects 57% were female. Baseline mean±SD forced expiratory volume in 1
second was 58±17% predicted. High NLR (≥3.0) was more common in subjects with previous
AECOPDs than in those without (33.5% versus 20.4%, p=0.002). In two-level mixed-effects
logistic regression models adjusted for confounders, NLR as a continuous variable (odds
ratio, OR 1.20, 95% CI 1.04–1.38) and B-Eos ≥300 cells/µl (OR 1.54, 95% CI 1.06–2.24)
were associated with future AECOPDs.
In 386 subjects with blood cell data available at all three visits, the intra-class correlation
coefficient for NLR was 0.61 (95% CI 0.56–0.66) and for B-Eos 0.69 (95% CI 0.64–0.73).
NLR was persistently ≥3.0 in 15.3% and B-Eos was persistently ≥300 cells/µl in 10.6%.
Conclusions
Stable-phase NLR and B-Eos were associated with future AECOPDs. NLR on its own is
probably not useful to predict AECOPDs, but might be included in a risk-scoring index. A

minority of subjects with COPD had persistently elevated stable-phase NLR or B-Eos, and
the biomarkers showed fair longitudinal reliability.

Introduction

Chronic obstructive pulmonary disease (COPD) is a major cause of morbidity and mortality
globally [1]. Acute exacerbations of COPD (AECOPDs) are defined as “acute worsening of
respiratory symptoms that result in additional therapy”, and contribute substantially to the
burden of the disease [2]. AECOPDs are associated with an accelerated decrease in lung
function, lowered quality of life, increased mortality and increased healthcare costs [3-5].
Preventing and treating AECOPDs is a major goal in the management of COPD patients.
Blood eosinophils (B-Eos) in COPD have attracted great scientific interest recent years.
Observational studies associate elevated B-Eos with an increased number of AECOPDs [6],
though results are contradictory [7, 8]. Several post-hoc analyses from clinical trials indicate
that higher levels of B-Eos might predict response to treatment with inhaled corticosteroids
(ICS) [9, 10]. These and other results [11] have led to the incorporation of B-Eos in
international guidelines as a biomarker to guide pharmacological treatment decisions, i.e. the
prescription of ICS [2]. However, the role of B-Eos as a clinically useful biomarker is under
debate [12], and there are results contradicting current guidelines [13]. Moreover, antibodydrugs targeting interleukin-5 or its receptor and thereby eosinophilic inflammation,
successfully used in severe eosinophilic asthma, have modest or no effects in COPD [14,
15].
In recent years, the relation between blood neutrophils (B-Neu) and blood lymphocytes (BLym), i.e. the neutrophil-to-lymphocyte ratio (NLR), has emerged as a potential biomarker in
COPD. An elevated NLR in stable-phase COPD compared to healthy controls was reported
for the first time in 2013 [16], and in AECOPD compared to stable-phase COPD 2014 [17].
These findings have been repeated in several studies, and confirmed in a meta-analysis [18].
A systematic review found that NLR is associated with a diagnosis of AECOPD and a
predictor of mortality [19]. Another meta-analysis suggest that NLR can predict future

AECOPDs and mortality in COPD [20]. However, all these reviews and meta-analyses
conclude that data are scarce, and that larger studies are needed to evaluate the clinical
usefulness of NLR.
An important issue when introducing biomarkers in treatment algorithms is longitudinal
stability. As for B-Eos, the proportion of subjects with persistently high levels varies from 5–
45% in previous works [8, 21-25]. The longitudinal reliability of B-Eos is reported to be good
in three previous studies [25-27]. Only one previous study in subjects with COPD has
examined the longitudinal stability of NLR [28]. However, that study did not examine the
longitudinal reliability.
The aims of this study were 1) to test the hypothesis that NLR and/or B-Eos can predict
future AECOPD, and 2) to determine the longitudinal stability and reliability of NLR and BEos.

Methods
Ethical approval
The study was approved by the Regional Ethics Review Board in Uppsala, Sweden (Dnr
2013/358). Written informed consent was obtained from all participants.

Study design, setting and participants
The Tools Identifying Exacerbations in COPD (TIE) study was a closed cohort study
conducted at three study sites in different Swedish regions (Dalarna, Gävleborg and
Uppsala) with the overall aim to investigate predictors of AECOPDs. As previously described
[29], subjects with spirometry-verified COPD were recruited from primary and secondary care
between September 2014 and September 2016. They attended annual stable-phase (at least
four weeks since the last AECOPD) follow-up visits for two years (i.e. three visits: baseline,
year one, and year two) with completion of questionnaires, pulmonary function testing and

blood samples. Inclusion and exclusion criteria are shown in Figure 1. Follow-up was
completed in October 2018. Study-period for the present analyses is defined as the threeyear period from 12 months before inclusion to the two-year follow-up visit.
For the analyses of the ability of blood cells to predict AECOPD (AECOPD-analyses),
subjects with complete data on the following variables at one or more visits were included:
AECOPD during the following year, history of AECOPD the past year, B-Eos, NLR, COPD
Assessment Test (CAT) [30] score, body mass index (BMI), current smoking, current use of
ICS, forced expiratory volume in one second (FEV1), gender, and age. For the analyses of
longitudinal blood cell stability and reliability (stability-analyses), only those with complete
data on blood cells at all three visits were included.

Variables
The participants completed the CAT and a questionnaire on demographics, current smoking
status, comorbidities, regular COPD-medication, healthcare contacts including acute visits,
and any courses of oral corticosteroids (OCS) or antibiotics for AECOPD. Current smoking
was defined as ongoing regular or sporadic smoking at the time of visit. Self-reported
comorbidities, current or previous, were assessed at baseline visit only and included asthma,
chronic bronchitis, coronary heart disease, heart failure, and depression or anxiety. Current
medication use was defined as regular use the last six months, alone or in combination with
other drugs. BMI was calculated as the ratio of weight (kg) to height (m) squared. Spirometry
was performed 15 minutes after inhalation of 400 µg salbutamol as previously described [29].
Swedish reference values were used to express FEV1 as percent predicted [31, 32]. Blood
cell counts including total blood leukocytes, B-Neu, B-Lym, B-Eos, and thrombocytes were
analysed, as previously described [29]. NLR was calculated as the ratio of B-Neu to B-Lym.
In lack of established threshold-values, the upper quartile of NLR at baseline was arbitrarily
used to define “high NLR” as ≥3.00. B-Eos values were categorised as low, intermediate or
high (<150, 150–<300, and ≥300 cells/µl, respectively) (Appendix A1, Supplementary Figure
S1). For some analyses, dichotomised B-Eos categories were used (<300 and ≥300 cells/µl).

AECOPD was the outcome of this study, and was assessed through questionnaires covering
the previous one-year period. AECOPD was defined as an acute healthcare visit and/or
prescription of OCS and/or antibiotics due to worsening of COPD.

Statistical analysis
Subjects lost to follow-up were excluded from analysis, whereas those with incomplete
follow-up (visiting only one of the follow-ups) were included in the AECOPD-analyses but not
in the stability-analyses. Assuming data were missing completely at random, subjects with
missing data were excluded since they were relatively few (Supplementary Tables S3 and
S4).
Data were described using number (n) and percentage, mean and standard deviation (SD) or
median and interquartile range (IQR). Comparisons between groups were made with
Pearson’s chi-squared test. The significance level was set to 0.05.
Correlation between variables was assessed at baseline using Pearson correlation
coefficient or Spearman’s rank correlation coefficient (rho), as appropriate. Two-level
(repeated measures in the same individual) mixed-effects logistic regression models with
future AECOPD within a year as the outcome and blood cells as predictors were constructed
to produce odds ratios (OR) with 95% confidence intervals (95% CI). The models were then
adjusted by including AECOPD previous year, CAT score, BMI, current smoking, current
ICS-use, FEV1, gender, and age as predictors. The adjusting predictors were chosen since
they are known risk factors for AECOPD and are therefore likely to confound the estimations.
The calculations were repeated in a three-level model by adding study-site as a cluster-level,
which yielded nearly identical results. Therefore, we deemed that data were independent of
the study-site, and accordingly that there was no need to cluster subjects. Therefore we
present the two-level models throughout the paper. To analyse subgroups, various
stratifications were performed. The presence of interactions was analysed by fitting models
with interaction-terms of the blood cell variable of interest by the other variables, one-by-one.

The interaction-models were compared to the main model using the likelihood-ratio test. In a
sensitivity analysis, the inclusion criteria were adjusted by omitting current smokers from the
analysis.
Due to non-normality (Supplementary Figure S1), blood cell data was log-transformed for the
analyses of longitudinal reliability. Because ≥1 B-Eos value was zero in 15 subjects, logtransformed B-Eos data were missing for these subjects (i.e. n=371 instead of 386). Twoway mixed-effects model single-measurement absolute-agreement intraclass correlation
coefficients (ICC) with 95% CIs were calculated for the reliability of repeated measurements
in the same subject [33]. A proposed interpretation of ICC-values is: excellent (>0.75), fair to
good (0.40–0.75) or poor (<0.40) [26].
Data management and statistical analyses were performed using Stata Statistical Software:
Release 14 (StataCorp LP 2015, College Station, TX, USA).

Results

Participants
Of the 571 subjects who were included in the TIE cohort, 493 were followed up at least once
(Figure 1). In the AECOPD-analyses, 466 subjects were included, and in the stabilityanalyses 386.

Descriptive data
In the AECOPD-analyses, 57.5% were female, and 26.2% were currently smoking (Table 1).
Among subjects with high NLR, a history of AECOPD was more common, CAT was higher,
and high B-Eos was less common than among subjects with low NLR. Baselinecharacteristics of the population in the stability-analyses are presented in Supplementary
Tables S1-S2.
Stratification of baseline blood cell levels by AECOPD-history (Figure 2) showed that high
NLR was more common in subjects with previous AECOPDs than in those without (p=0.002),
whereas no such difference existed regarding B-Eos (p=0.88).
Subjects not included in the analyses were of similar age, but more often female and current
smokers than included subjects (Supplementary Tables S3 and S4). The proportion of
subjects with a history of AECOPD was larger, FEV1 and BMI were lower, and CAT was
higher among the non-included. Moreover, fewer had high B-Eos levels, but high NLR was
more common.

Analyses of the relation between blood cells and AECOPDs
The AECOPD-analyses comprised 881 person-years of follow-up, with a mean follow-up
time of 1.9 years. During the two-year follow-up 206 of 466 subjects (44.2%) experienced ≥1
AECOPD (first year 32.6%; second year 29.0%). Rates did not differ between baseline blood

cell groups: high NLR 50.4% versus low 42.0%, p=0.11; high B-Eos 50.4% versus
intermediate or low 41.8%, p=0.096.
At baseline, there were weak correlations between NLR and future AECOPD (Spearman’s
rho 0.16, p<0.001) and NLR and B-Eos (rho -0.12, p=0.009), whereas B-Eos and future
AECOPD were not correlated (rho -0.04, p=0.37). There was no multicollinearity between
any of the variables included in the analyses.
Stable-phase NLR as a continuous variable, but not dichotomised, was associated with
future AECOPDs in the unadjusted AECOPD-analyses (Table 2). However, that association
was significant only among subjects with ≥1 AECOPD the previous year. There was no
association between stable-phase B-Eos and future AECOPDs, regardless of AECOPDhistory (Table 2).
In the adjusted AECOPD-analyses (Table 3), NLR as a continuous variable, but not
dichotomised, was associated with future AECOPDs whereas B-Eos as a dichotomised
variable, but not continuous, related to future AECOPDs. Adjusted models stratified by
AECOPD-history, gender, ICS-use, OCS-use and current or previous comorbidity (asthma,
chronic bronchitis, coronary heart disease, heart failure, and depression or anxiety) reported
at baseline, respectively, are shown in Supplementary Table S5. Continuous NLR was
associated with AECOPD in men but not in women and in subjects without chronic bronchitis
but not those with; the opposite was true for dichotomous B-Eos.
No significant interactions were found between stable-phase NLR or B-Eos and the other
included variables. In sensitivity analyses where current smokers were excluded from the
adjusted models, estimates were similar (data not shown).

Longitudinal analysis of blood cell stability
The ICC for stable-phase NLR was 0.61 (95% CI 0.56–0.66). The distribution of NLR at each
visit is shown in Supplementary Table S6. During the study period, 38.9% had at least one
high NLR measurement. Figure 3 shows that 10.6% had persistently high and 61.1%
persistently low NLR, whereas the remaining 28.3% changed groups between visits.
The ICC for stable-phase B-Eos was 0.69 (95% CI 0.64–0.73). The distribution of B-Eos at
each visit is shown in Supplementary Table S6. During the study period, 42.0% had at least
one high B-Eos measurement. Figure 4 shows that 15.3% had persistently high B-Eos,
10.9% had persistently intermediate B-Eos and 22.0% had persistently low B-Eos, whereas
the remaining 51.8% changed groups between visits.
Stratification by any AECOPD during the study-period (Figure 5) revealed no differences
regarding the proportions with persistent levels of blood cells. Stratification by any use of
OCS during the study-period showed higher proportions of subjects with high and variable
NLR among subjects with OCS than those without (data not shown, p=0.003). For B-Eos,
there was no such difference (p=0.53). There were no significant differences when stratifying
by current smoking and current or previous asthma-diagnosis at baseline, respectively (data
not shown).

Discussion
Our main findings were that higher stable-phase NLR, analysed as a continuous variable,
had an independent prognostic value for future AECOPD, and that stable-phase B-Eos ≥300
cells/µl was associated with future AECOPD. The longitudinal reliability was fairly good with
ICCs of 0.61 for NLR and 0.69 for B-Eos. Persistently high NLR and B-Eos at three yearly
visits were found in 10.6% and 15.3% of the subjects, respectively.
High NLR was related to future AECOPDs in our material. Relatively few previous studies
have analysed this. Lee et al. sampled NLR in a Korean cohort of 885 COPD-patients
(91.4% men) in a stable phase, and found that NLR in the highest quartile (>2.94) was an
independent predictor of AECOPDs after one year of follow-up [34]. Another Korean cohort
comprising 120 COPD-patients (92.5% men) and 28 gender and smoking-history matched
healthy controls showed that an NLR in stable/convalescent phase of ≥2.8 (determined by
receiver operating characteristic [ROC] analysis) predicts AECOPD-hospitalisation. However,
this was not statistically significant [35]. Sakurai et al. followed a Japanese cohort of 274
COPD-patients (83% men) and found that baseline stable-phase NLR≥2.7 (determined by
ROC-analysis) predicts moderate/severe AECOPD over three years [28].
In the present study, we found that NLR sampled in stable-phase COPD was, as a
continuous variable, associated with future self-reported AECOPD during one year of followup with an OR of 1.20 after adjustment for potential confounders. Our study is not the first to
examine this association. Still, it brings important new information as it is the first to include a
substantial number of women: the three previous studies together included 132 women [28,
34, 35], whereas this study alone included 268. Our study also contributes a broader
geographic distribution; while previous studies were performed in Asia [28, 34, 35], our was
performed in northern Europe. The magnitude of the association between NLR and future
AECOPD in this study is substantially lower than that in previous works [28, 34, 35]. A higher
proportion of women (57.5%) can explain part of that difference, as the gender-stratified OR
was higher in men. It is also possible that ethnicity explains the disparities between our

Swedish cohort and the three Asian ones, since ethnical differences in the ability of NLR to
predict mortality in COPD-patients [20] and in normal NLR-values [36] have been described.
The effect of ethnicity on the relation between NLR and AECOPD, however, has not been
studied. In our study, the arbitrarily chosen “high” cut-off at ≥3.00 did not prove useful in
predicting AECOPD, probably because it lacked a clinical rationale. Regardless, it is clear
that NLR is associated with future AECOPD, although more work is needed to establish its
usefulness and relevant clinical cut-offs. We believe that it is more likely that NLR could be
part of a future composite risk scoring system rather than be used on its own to predict
AECOPD.
Several studies have found B-Eos to be predictive of AECOPD [6, 9], and a predictive factor
for ICS-treatment in preventing AECOPD [9]. However, other studies found no relation
between B-Eos and AECOPD [8, 12, 37, 38], and questions its usefulness to guide treatment
decisions [12, 13]. We found an association between stable-phase B-Eos and AECOPD only
after dichotomisation of B-Eos. That can likely be explained by non-linear risk-increase [9]
and a relatively small cohort, compared to previous post-hoc analyses of large trials [9, 10].
The combination of NLR and B-Eos, sampled in a stable phase, did not increase the ability to
predict AECOPD compared to using either one of them alone. A possible explanation could
be that the two biomarkers represent different COPD-phenotypes with different pathways
leading to an exacerbation. One such phenotype could be concurrent chronic bronchitis, in
which B-Eos but not NLR could prognosticate AECOPD. However, these findings must be
interpreted cautiously, as our cohort likely was too small to divide into even smaller strata
without losing power and the comorbidities were self-reported.
A biomarker used for long-term prediction in a stable phase of disease should be reliable and
repeatable over time [12]. Regarding NLR, 10.6% of our study-population had persistently
high values. The ICC was 0.61, indicating fair reliability. To our knowledge, Green’s et al.
study is the only prior study that has used ICC to assess the reliability of repeated NLR-

measurements [39]. In a retrospective cohort of 558 patients with two blood samples drawn
8–99 days apart before cardiac surgery, they found an ICC remarkably close to ours at 0.59
[39]. However, their cohort contained only 15 patients (2.7%) with unspecified chronic lung
disease. Regardless, our finding of a similar ICC in a different cohort with a longer follow-up
time adds to the limited knowledge of NLRs temporal reliability. These results indicate that a
single NLR-value is quite representable for an individual with stable-phase COPD, and that
NLR has potential as a biomarker in the sense that it is fairly repeatable.
Regarding B-Eos, 15.3% of our study-population had persistently high stable-phase values.
This is in line with most previous works reporting that about 12-20% of COPD-subjects have
persistently high B-Eos during 1–3 years [8, 23-25]. Two studies differ with 5% [22] and 45%
[21] of subjects with persistently high B-Eos over 1.5–2 years. The latter study, however,
considered AECOPDs only at baseline (i.e. during follow-up, blood samples drawn during an
AECOPD might have been included), whereas all other studies included stable-phase
measurements only.
In our study, the ICC for B-Eos-measurements was 0.69, indicating good reliability. This is in
line with previous papers reporting ICCs of 0.74–0.87 [25-27]. However, comparisons
between our ICC and the previously reported ones are difficult, since none of the latter
specifies which type of ICC that has been calculated [33], and none present confidence
intervals. Nonetheless, they all point in the same direction and suggest that the longitudinal
reliability of B-Eos in stable-phase COPD is at least fair.
The major strengths of this study were the thorough follow-up of subjects, and the relatively
low drop-out rate. Moreover, the examination of all subjects with spirometry ensured that the
COPD diagnosis was correct. By including subjects from both primary and secondary care
and several Swedish regions, the chance of a cohort representative for Swedish COPD
patients increased and thus also the likelihood that our results are generalisable.

A major limitation was that our outcome (AECOPD) was self-reported only, which confers
doubt on the accuracy. Moreover, the questionnaires used precluded counting of the number
of AECOPDs, forcing us to treat it as a dichotomous variable and thus not allowing us to
account for the frequency of AECOPDs in our analyses. The date of AECOPD also lacked in
the questionnaires, precluding any time-dependent analyses. In addition, there was no data
on AECOPDs after year two, which hindered prospective examination of associations
between blood cell stability groups and outcomes such as AECOPD. Further limitations were
that available data on comorbidities were self-reported, and that comorbidities such as
bronchiectasis and gastro-oesophageal reflux were not included in the questionnaires.
Moreover, no information on respiratory tract infections during the study-period was
recorded. Furthermore, subjects included in our analyses generally had less severe COPD
and better health status than those not included. Only about 5% of the study-population had
very severe COPD, which raises concern about the generalisability of our findings to this
severity group. Moreover, the precision in reporting of B-Eos results differed between study
sites, resulting in an overrepresentation of exact “hundreds” of cells/µl. Finally, using different
laboratory equipment and routines also confer a certain risk of bias, although all methods
employed were clinically approved and in routine clinical use. However, clustering of subjects
based on study sites did not significantly change estimates of the mixed-effects regression
models, indicating that any differences between study sites were of no relevance.

In conclusion, there was a clear albeit weak association between
stable-phase NLR and future AECOPD in this study, especially in
subjects with a history of AECOPDs. High stable-phase B-Eos was
associated with future AECOPD. Stable-phase NLR on its own is
probably not useful to predict AECOPDs, but may play a role as part of
a risk-scoring index. More work is needed to elucidate the clinical
usefulness of NLR in stable-phase COPD and to establish relevant cutoff values. A minority of subjects with COPD had persistently elevated
stable-phase NLR or B-Eos, but the biomarkers showed fair to good
longitudinal reliability, which is desirable for factors informing
clinical decisions.
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Tables
Table 1. Characteristics of subjects included in analyses of the association between blood cells and
acute exacerbations of COPD, categorised by baseline blood cells.

NLR

B-Eos (cells/µl)

Total

<3.00

≥3.00

<150

≥150 - <300

≥300

N=466

N=345a

N=117a

N=176a

N=159a

N=127a

Secondary care

55 (11.8%)

33 (9.6%)

22 (18.8%)

26 (14.8%)

19 (11.9%)

10 (7.9%)

Primary care

411 (88.2%)

312 (90.4%)

95 (81.2%)

150 (85.2%)

140 (88.1%)

117 (92.1%)

Age

68.7 (7.5)

68.1 (7.6)

70.1 (7.0)

68.7 (7.7)

68.2 (6.9)

69.0 (7.8)

Female

268 (57.5%)

198 (57.4%)

67 (57.3%)

98 (55.7%)

106 (66.7%)

61 (48.0%)

Current smoker

122 (26.2%)

94 (27.2%)

27 (23.1%)

40 (22.7%)

46 (28.9%)

35 (27.6%)

BMI

27.0 (4.9)

26.8 (4.7)

27.4 (5.4)

26.7 (4.9)

27.3 (4.9)

26.9 (4.8)

CAT-score

11.0 (7.0–16.0)

10.0 (6.0–16.0)

12.0 (8.0–20.0)

11.0 (6.5–18.0)

11.0 (8.0–16.0)

10.0 (6.0–16.0)

≥1 AECOPD previous year

177 (38.1%)

117 (34.1%)

59 (50.4%)

65 (36.9%)

61 (38.6%)

50 (39.7%)

FEV1, % predicted

57.6 (17.1)

58.8 (15.9)

54.4 (19.6)

56.3 (18.2)

57.7 (16.4)

59.6 (16.1)

GOLD grade 1

45 (9.7%)

33 (9.6%)

12 (10.3%)

17 (9.7%)

18 (11.3%)

10 (7.9%)

GOLD grade 2

265 (56.9%)

212 (61.4%)

52 (44.4%)

95 (54.0%)

86 (54.1%)

83 (65.4%)

GOLD grade 3

130 (27.9%)

89 (25.8%)

38 (32.5%)

52 (29.5%)

45 (28.3%)

30 (23.6%)

GOLD grade 4
Asthma

26 (5.6%)
152 (32.7%)

11 (3.2%)
107 (31.1%)

15 (12.8%)
43 (36.8%)

12 (6.8%)
54 (30.7%)

10 (6.3%)
55 (34.8%)

4 (3.1%)
41 (32.3%)

Chronic bronchitis

155 (33.3%)

113 (32.8%)

41 (35.0%)

57 (32.4%)

39 (24.7%)

58 (45.7%)

Coronary heart disease

47 (10.1%)

33 (9.6%)

14 (12.0%)

15 (8.5%)

14 (8.8%)

18 (14.2%)

Heart failure

22 (4.7%)

13 (3.8%)

9 (7.7%)

7 (4.0%)

8 (5.0%)

7 (5.5%)

Depression or anxiety

104 (22.4%)

76 (22.2%)

27 (23.1%)

37 (21.1%)

40 (25.3%)

26 (20.5%)

ICS, current use

264 (57.6%)

189 (55.6%)

72 (63.2%)

99 (56.6%)

89 (58.2%)

73 (57.9%)

LABA, current use

250 (53.6%)

178 (51.6%)

69 (59.0%)

93 (52.8%)

93 (58.5%)

61 (48.0%)

LAMA, current use

292 (62.7%)

209 (60.6%)

81 (69.2%)

107 (60.8%)

103 (64.8%)

80 (63.0%)

Long-term oxygen, current use

9 (1.9%)

7 (2.0%)

2 (1.7%)

5 (2.8%)

4 (2.5%)

0 (0.0%)

B-Leukocytes

7.5 (6.5–8.9)

7.3 (6.3–8.6)

8.4 (7.1–10.2)

7.1 (6.1–8.4)

7.6 (6.5–9.0)

7.9 (7.0–9.6)

B-Eos

0.2 (0.1–0.3)

0.2 (0.1–0.3)

0.2 (0.1–0.3)

0.1 (0.1–0.1)

0.2 (0.2–0.2)

0.4 (0.3–0.4)

Recruited from

FEV1 grades

B-Eos categories
<150

176 (38.1%)

122 (35.4%)

54 (46.2%)

176 (100.0%)

0 (0.0%)

0 (0.0%)

≥150 - <300

159 (34.4%)

125 (36.2%)

34 (29.1%)

0 (0.0%)

159 (100.0%)

0 (0.0%)

≥300

127 (27.5%)

98 (28.4%)

29 (24.8%)

0 (0.0%)

0 (0.0%)

127 (100.0%)

B-Neutrophils

4.6 (3.7–5.6)

4.2 (3.4–4.9)

6.0 (5.0–7.2)

4.6 (3.6–5.4)

4.4 (3.5–5.6)

4.7 (3.8–5.8)

B-Lymphocytes

2.0 (1.6–2.5)

2.2 (1.8–2.6)

1.5 (1.2–1.8)

1.8 (1.5–2.3)

2.1 (1.6–2.6)

2.0 (1.7–2.6)

NLR

2.2 (1.7–3.0)

2.0 (1.5–2.4)

3.9 (3.4–4.9)

2.4 (1.9–3.2)

2.1 (1.6–2.8)

2.2 (1.6–2.9)

NLR ≥3.00

117 (25.3%)

0 (0.0%)

117 (100.0%)

54 (30.7%)

34 (21.4%)

29 (22.8%)

Thrombocytes

267 (69)

266 (68)

268 (72)

257 (70)

273 (65)

271 (71)

Notes: Data presented as n (%) for categorical and binary variables and mean (SD) or median (IQR) for
quantitative variables. a) Sum of strata (n=462) does not equal total population (n=466) due to missing blood cell
data.
Abbreviations: COPD, chronic obstructive pulmonary disease; NLR, blood neutrophil-to-lymphocyte ratio; B-Eos,
blood eosinophils; FEV1, forced expiratory volume in 1 second; GOLD, Global initiative for Obstructive Lung

Disease; ICS, inhaled corticosteroids; LABA, long-acting beta2-agonists; LAMA, long-acting muscarinic
antagonists; AECOPD, acute exacerbation of chronic obstructive pulmonary disease; BMI, body mass index;
CAT, COPD Assessment Test; SD, standard deviation; IQR, interquartile range.

Table 2. Mixed-effects single variable logistic regression models on the association of
neutrophil-to-lymphocyte ratio and blood eosinophils to risk of acute exacerbation of COPD
the following year. Models were calculated for the entire study population, and for
observations where the subjects had and had not an acute exacerbation the previous year,
respectively. Each row represents a separate model.
OR

95% CI

Entire study population

1.48

1.21 – 1.81

No AECOPD previous year

1.23

0.88 – 1.72

≥1 AECOPD previous year

1.64

1.14 – 2.36

Entire study population

1.61

0.91 – 2.84

No AECOPD previous year

0.89

0.36 – 2.22

≥1 AECOPD previous year

2.88

1.00 – 8.25

Entire study population

1.02

0.86 – 1.19

No AECOPD previous year

1.10

0.87 – 1.37

≥1 AECOPD previous year

0.96

0.72 – 1.28

Entire study population

1.47

0.83 – 2.63

No AECOPD previous year

2.10

0.84 – 5.15

≥1 AECOPD previous year

1.15

0.40 – 3.28

NLR, continuous variable

NLR, ≥3.00 versus <3.00

B-Eos, continuous variablea

B-Eos, ≥300 versus <300 cells/µl

Note: a) per 100 cells/µl increase.
Abbreviations: COPD, chronic obstructive pulmonary disease; NLR, blood neutrophil-to-lymphocyte ratio;
AECOPD, acute exacerbation of COPD; B-Eos, blood eosinophils; OR, odds ratio; CI, confidence interval.

Table 3. Mixed-effects multivariable logistic regression models on the association of
neutrophil-to-lymphocyte ratio and blood eosinophils with the risk of acute exacerbation of
COPD the following year.
Models with
NLR onlya

Models with
B-Eos onlya

Models combining
NLR and B-Eosb

aOR

95% CI

aOR

95% CI

aOR

95% CI

NLR, continuous variable

1.20

1.04 – 1.38

x

x

1.22

1.06 – 1.40

NLR, ≥3.00 versus <3.00

1.13

0.76 – 1.68

x

x

1.13

0.76 – 1.67

B-Eos, continuous variablec

x

x

1.08

0.98 – 1.20

1.10

0.997 – 1.22

B-Eos, ≥300 versus <300

x

x

1.54

1.06 – 2.24

1.54

1.06 – 2.24

Notes: x indicates predictor not analysed. Models adjusted for ≥1 AECOPD preceding year, CAT score, BMI,
current smoking, current ICS use, FEV1, gender and age. Complete estimates for all predictors are shown in
Supplementary Table S7. a) Each aOR represents a separate model. b) Two models, one for the two continuous
variables and one for the two dichotomous. c) Per 100 cells/µl increase.
Abbreviations: COPD, chronic obstructive pulmonary disease; NLR, blood neutrophil-to-lymphocyte ratio; B-Eos,
blood eosinophils; aOR, adjusted odds ratio; CI, confidence interval; AECOPD, acute exacerbation of COPD;
CAT, COPD Assessment Test; BMI, body mass index; ICS, inhaled corticosteroids; FEV1, forced expiratory
volume in 1 second.

Figure captions

Figure 1. Flow diagram of the inclusion process. Abbreviations: COPD, chronic obstructive
pulmonary disease; FEV1, forced expiratory volume in one second; FVC, forced vital
capacity; TIE, Tools Identifying Exacerbations in COPD study; AECOPD, acute exacerbation
of COPD.

Figure 2. Baseline a) blood neutrophil-to-lymphocyte ratio and b) blood eosinophils in 460
subjects with COPD, stratified by the occurrence of any exacerbation the previous year.
Abbreviations: COPD, chronic obstructive pulmonary disease; NLR, blood neutrophil-tolymphocyte ratio.

Figure 3. Longitudinal stability of blood neutrophil-to-lymphocyte ratio in 386 subjects with
COPD. The diagram at the left shows the proportion of subjects with high and low NLR at
baseline visit. The diagrams in the middle show the respective proportion at year 1, and the
diagrams at the right show the respective proportion at year 2. Abbreviations: COPD, chronic
obstructive pulmonary disease; NLR, blood neutrophil-to-lymphocyte ratio.

Figure 4. Longitudinal stability of blood eosinophil levels in 386 subjects with COPD. The
diagram at the left shows the proportion of subjects with high, intermediate and low B-Eos at
baseline visit. The diagrams in the middle show the respective proportion at year 1, and the

diagrams at the right show the respective proportion at year 2. Abbreviations: COPD, chronic
obstructive pulmonary disease; B-Eos, blood eosinophils.

Figure 5. Longitudinal stability of a) blood neutrophil-to-lymphocyte ratio and b) blood
eosinophils measured at three yearly visits in 377 subjects with COPD, stratified by the
occurrence of any acute exacerbation of COPD during the three-year study period.
Abbreviations: COPD, chronic obstructive pulmonary disease; NLR, blood neutrophil-tolymphocyte ratio.
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Appendix A1. On threshold-values for blood eosinophil categories.
The upper threshold (≥300 cells/µl) defining high B-Eos was based on current guidelines [2].
However, the lower threshold (<100 cells/µl) suggested in guidelines [2] could not be used
due to asymmetrical distribution of B-Eos values (Supplementary Figure S1) with a
predilection for exact “hundreds” leading to misclassification of a significant number of
subjects with a true low value as intermediate. Therefore, we chose a slightly higher
threshold that has been used in several previous works [22, 25-26].
The same problem existed around the ≥300 cells/µl threshold, but the relative number of
affected subjects was lower and the impact of the problem thus deemed to be marginal.
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Supplementary Figure S1. Distribution of accumulated a) neutrophil-to-lymphocyte ratio
and b) blood eosinophil measurements from all three study visits in the stability-analyses
(n=386). Abbreviations: NLR, blood neutrophil-to-lymphocyte ratio; B-Eos, blood eosinophils.

Supplementary table S1. Characteristics of the part of the study population included in the
analyses of longitudinal blood cell stability, categorised by longitudinal stability of neutrophilto-lymphocyte ratio
Total

NLR persistently

NLR varies

<3.00

≥3.00

between visits

N=386

N=236

N=41

N=109

Secondary care

37 (9.6%)

18 (7.6%)

6 (14.6%)

13 (11.9%)

Primary care

349 (90.4%)

218 (92.4%)

35 (85.4%)

96 (88.1%)

Age

68.7 (7.3)

68.2 (7.3)

71.9 (5.8)

68.7 (7.6)

Female

220 (57.0%)

140 (59.3%)

20 (48.8%)

60 (55.0%)

Current smoker

94 (24.4%)

60 (25.4%)

12 (29.3%)

22 (20.2%)

BMI

26.9 (4.8)

27.0 (4.7)

27.5 (4.7)

26.5 (4.9)

CAT-score

11.0 (6.0–16.0)

10.0 (6.0–15.0)

11.0 (7.0–16.0)

11.0 (8.0–16.0)

≥1 AECOPD previous year

139 (36.2%)

71 (30.3%)

19 (46.3%)

49 (45.0%)

FEV1, % predicted

58.3 (16.2)

59.5 (14.6)

57.8 (19.7)

55.7 (17.9)

GOLD grade 1

33 (8.5%)

19 (8.1%)

5 (12.2%)

9 (8.3%)

GOLD grade 2

238 (61.7%)

160 (67.8%)

22 (53.7%)

56 (51.4%)

GOLD grade 3

99 (25.6%)

54 (22.9%)

8 (19.5%)

37 (33.9%)

GOLD grade 4

16 (4.1%)

3 (1.3%)

6 (14.6%)

7 (6.4%)

Asthma

118 (30.6%)

68 (28.9%)

17 (41.5%)

33 (30.3%)

Chronic bronchitis

124 (32.2%)

79 (33.6%)

15 (36.6%)

30 (27.5%)

Coronary heart disease

40 (10.4%)

22 (9.3%)

8 (19.5%)

10 (9.2%)

Heart failure

15 (3.9%)

8 (3.4%)

6 (14.6%)

1 (0.9%)

Depression or anxiety

80 (20.8%)

50 (21.3%)

5 (12.2%)

25 (22.9%)

ICS, current use

207 (54.9%)

115 (49.6%)

24 (60.0%)

68 (64.8%)

LABA, current use

196 (50.8%)

110 (46.6%)

23 (56.1%)

63 (57.8%)

LAMA, current use

237 (61.4%)

132 (55.9%)

30 (73.2%)

75 (68.8%)

Long-term oxygen, current use

7 (1.8%)

4 (1.7%)

1 (2.4%)

2 (1.8%)

B-Leukocytes

7.4 (6.5–8.7)

7.3 (6.2–8.6)

8.2 (6.7–10.2)

7.4 (6.9–8.9)

B-Eos

0.2 (0.1–0.3)

0.2 (0.1–0.3)

0.2 (0.1–0.3)

0.2 (0.1–0.3)

Recruited from

FEV1 grades

B-Eos categories
<150

146 (37.8%)

82 (34.7%)

15 (36.6%)

49 (45.0%)

≥150 - <300

131 (33.9%)

85 (36.0%)

15 (36.6%)

31 (28.4%)

≥300

109 (28.2%)

69 (29.2%)

11 (26.8%)

29 (26.6%)

B-Neutrophils

4.5 (3.6–5.4)

4.1 (3.3–4.9)

5.8 (4.8–7.4)

4.9 (4.2–6.1)

B-Lymphocytes

2.0 (1.6–2.5)

2.3 (1.9–2.7)

1.3 (1.1–1.6)

1.8 (1.5–2.2)

NLR

2.2 (1.7–2.9)

1.8 (1.4–2.2)

4.2 (3.4–5.2)

2.9 (2.3–3.5)

NLR ≥3.00

91 (23.6%)

0 (0.0%)

41 (100.0%)

50 (45.9%)

Thrombocytes

265 (67)

262 (63)

241 (57)

280 (75)

Notes: Data presented as n (%) for categorical and binary variables and mean (SD) or median (IQR) for
quantitative variables. a) Sum of strata (n=462) does not equal total population (n=466) due to missing blood cell
data.
Abbreviations: COPD, chronic obstructive pulmonary disease; NLR, blood neutrophil-to-lymphocyte ratio; B-Eos,
blood eosinophils; FEV1, forced expiratory volume in 1 second; GOLD, Global initiative for Obstructive Lung
Disease; ICS, inhaled corticosteroids; LABA, long-acting beta2-agonists; LAMA, long-acting muscarinic
antagonists; AECOPD, acute exacerbation of chronic obstructive pulmonary disease; BMI, body mass index;
CAT, COPD Assessment Test; SD, standard deviation; IQR, interquartile range.

Supplementary table S2. Characteristics of the part of the study population included in the
analyses of longitudinal blood cell stability, categorised by longitudinal stability of blood
eosinophils
Total

B-Eos (cells/µl) persistently

B-Eos varies

<150

≥150 - <300

≥300

between visits

N=386

N=85

N=42

N=59

N=200

Secondary care

37 (9.6%)

10 (11.8%)

5 (11.9%)

3 (5.1%)

19 (9.5%)

Primary care

349 (90.4%)

75 (88.2%)

37 (88.1%)

56 (94.9%)

181 (90.5%)

Age

68.7 (7.3)

68.8 (7.5)

69.2 (7.1)

68.6 (7.6)

68.6 (7.2)

Female

220 (57.0%)

54 (63.5%)

26 (61.9%)

26 (44.1%)

114 (57.0%)

Current smoker

94 (24.4%)

19 (22.4%)

8 (19.0%)

18 (30.5%)

49 (24.5%)

BMI

26.9 (4.8)

25.8 (4.7)

28.1 (4.9)

26.3 (4.5)

27.3 (4.8)

CAT-score

11.0 (6.0–16.0)

12.0 (7.0–17.0)

10.0 (6.0–14.0)

10.0 (6.0–15.0)

10.0 (6.0–16.0)

≥1 AECOPD previous year

139 (36.2%)

30 (35.3%)

19 (45.2%)

21 (36.2%)

69 (34.7%)

FEV1, % predicted

58.3 (16.2)

56.8 (17.1)

56.4 (15.2)

60.3 (11.9)

58.6 (17.1)

GOLD grade 1

33 (8.5%)

8 (9.4%)

3 (7.1%)

3 (5.1%)

19 (9.5%)

GOLD grade 2

238 (61.7%)

49 (57.6%)

27 (64.3%)

47 (79.7%)

115 (57.5%)

GOLD grade 3

99 (25.6%)

24 (28.2%)

10 (23.8%)

9 (15.3%)

56 (28.0%)

GOLD grade 4

16 (4.1%)

4 (4.7%)

2 (4.8%)

0 (0.0%)

10 (5.0%)

Asthma

118 (30.6%)

19 (22.4%)

15 (35.7%)

18 (30.5%)

66 (33.2%)

Chronic bronchitis

124 (32.2%)

29 (34.1%)

9 (22.0%)

27 (45.8%)

59 (29.5%)

Coronary heart disease

40 (10.4%)

7 (8.2%)

5 (11.9%)

9 (15.3%)

19 (9.5%)

Heart failure

15 (3.9%)

4 (4.7%)

0 (0.0%)

2 (3.4%)

9 (4.5%)

Depression or anxiety

80 (20.8%)

18 (21.4%)

11 (26.2%)

7 (11.9%)

44 (22.0%)

ICS, current use

207 (54.9%)

44 (52.4%)

23 (57.5%)

33 (56.9%)

107 (54.9%)

LABA, current use

196 (50.8%)

45 (52.9%)

21 (50.0%)

22 (37.3%)

108 (54.0%)

LAMA, current use

237 (61.4%)

51 (60.0%)

25 (59.5%)

41 (69.5%)

120 (60.0%)

Long-term oxygen, current use

7 (1.8%)

1 (1.2%)

1 (2.4%)

0 (0.0%)

5 (2.5%)

B-Leukocytes

7.4 (6.5–8.7)

7.0 (5.9–8.0)

7.4 (6.1–8.6)

8.1 (7.0–9.6)

7.4 (6.5–8.9)

B-Eos

0.2 (0.1–0.3)

0.1 (0.1–0.1)

0.2 (0.2–0.2)

0.4 (0.3–0.5)

0.2 (0.1–0.3)

Recruited from

FEV1 grades

B-Eos categories
<150

146 (37.8%)

85 (100.0%)

0 (0.0%)

0 (0.0%)

61 (30.5%)

≥150 - <300

131 (33.9%)

0 (0.0%)

42 (100.0%)

0 (0.0%)

89 (44.5%)

≥300

109 (28.2%)

0 (0.0%)

0 (0.0%)

59 (100.0%)

50 (25.0%)

B-Neutrophils

4.5 (3.6–5.4)

4.4 (3.5–5.3)

4.0 (3.3–5.0)

4.8 (4.0–5.6)

4.4 (3.7–5.4)

B-Lymphocytes

2.0 (1.6–2.5)

1.8 (1.5–2.3)

2.1 (1.6–2.5)

2.0 (1.7–2.6)

2.1 (1.6–2.5)

NLR

2.2 (1.7–2.9)

2.3 (1.7–3.2)

2.1 (1.6–2.5)

2.2 (1.5–3.0)

2.2 (1.7–2.8)

NLR ≥3.00

91 (23.6%)

27 (31.8%)

6 (14.3%)

14 (23.7%)

44 (22.0%)

Thrombocytes

265 (67)

252 (64)

262 (62)

272 (68)

269 (69)

Notes: Data presented as n (%) for categorical and binary variables and mean (SD) or median (IQR) for
quantitative variables. a) Sum of strata (n=462) does not equal total population (n=466) due to missing blood cell
data.
Abbreviations: COPD, chronic obstructive pulmonary disease; NLR, blood neutrophil-to-lymphocyte ratio; B-Eos,
blood eosinophils; FEV1, forced expiratory volume in 1 second; GOLD, Global initiative for Obstructive Lung
Disease; ICS, inhaled corticosteroids; LABA, long-acting beta2-agonists; LAMA, long-acting muscarinic
antagonists; AECOPD, acute exacerbation of chronic obstructive pulmonary disease; BMI, body mass index;
CAT, COPD Assessment Test; SD, standard deviation; IQR, interquartile range.

Supplementary Table S3. Characteristics of subjects included in analyses of association
between blood cells and acute exacerbations of chronic obstructive pulmonary disease,
compared to those not included. Missing data are shown.
Total

Not included

Included

N=571

N=105

N=466

Secondary care

84 (14.7%)

29 (27.6%)

55 (11.8%)

Primary care

Recruited from

Missing data
among
included
0

487 (85.3%)

76 (72.4%)

411 (88.2%)

Age

68.6 (7.7)

68.2 (8.5)

68.7 (7.5)

0

Female

335 (58.7%)

67 (63.8%)

268 (57.5%)

0

Current smoker

166 (29.1%)

44 (41.9%)

122 (26.2%)

0

BMI

26.8 (5.1)

26.0 (5.6)

27.0 (4.9)

2

CAT-score

12.0 (7.0–17.0)

15.0 (9.0–22.0)

11.0 (7.0–16.0)

0

≥1 AECOPD previous year

235 (41.4%)

58 (55.8%)

177 (38.1%)

2

FEV1, % predicted

56.6 (17.8)

52.0 (20.4)

57.6 (17.1)

0

FEV1 grades

0

GOLD grade 1

57 (10.0%)

12 (11.4%)

45 (9.7%)

GOLD grade 2

314 (55.0%)

49 (46.7%)

265 (56.9%)

GOLD grade 3

155 (27.1%)

25 (23.8%)

130 (27.9%)

GOLD grade 4

45 (7.9%)

19 (18.1%)

26 (5.6%)

Asthma

190 (33.5%)

38 (36.9%)

152 (32.7%)

1

Chronic bronchitis

193 (33.9%)

38 (36.2%)

155 (33.3%)

1

Coronary heart disease

62 (10.9%)

15 (14.3%)

47 (10.1%)

0

Heart failure

29 (5.1%)

7 (6.7%)

22 (4.7%)

0

Depression or anxiety

135 (23.7%)

31 (29.5%)

104 (22.4%)

2

ICS, current use

338 (60.6%)

74 (74.0%)

264 (57.6%)
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LABA, current use

318 (55.7%)

68 (64.8%)

250 (53.6%)

0

LAMA, current use

371 (65.0%)

79 (75.2%)

292 (62.7%)

0

Long-term oxygen, current use

11 (1.9%)

2 (1.9%)

9 (1.9%)

0

B-Leukocytes

7.6 (6.5–9.0)

7.9 (6.5–9.5)

7.5 (6.5–8.9)

1

B-Eos

0.2 (0.1–0.3)

0.2 (0.1–0.2)

0.2 (0.1–0.3)

4

B-Eos categories
<150

225 (40.0%)

49 (49.0%)

176 (38.1%)

-

≥150 - <300

188 (33.5%)

29 (29.0%)

159 (34.4%)

-

≥300

149 (26.5%)

22 (22.0%)

127 (27.5%)

-

B-Neutrophils

4.6 (3.7–5.7)

5.1 (3.7–5.9)

4.6 (3.7–5.6)

3

B-Lymphocytes

2.0 (1.6–2.4)

1.9 (1.5–2.3)

2.0 (1.6–2.5)

4

NLR

2.3 (1.7–3.1)

2.5 (2.0–3.5)

2.2 (1.7–3.0)

4

NLR ≥3.00

150 (26.7%)

33 (33.3%)

117 (25.3%)

4

Thrombocytes

267 (69)

268 (72)

267 (69)

20

Notes: Data presented as n (%) for categorical and binary variables and mean (SD) or median (IQR) for
quantitative variables. a) Sum of strata (n=462) does not equal total population (n=466) due to missing blood cell
data.
Abbreviations: COPD, chronic obstructive pulmonary disease; NLR, blood neutrophil-to-lymphocyte ratio; B-Eos,
blood eosinophils; FEV1, forced expiratory volume in 1 second; GOLD, Global initiative for Obstructive Lung
Disease; ICS, inhaled corticosteroids; LABA, long-acting beta2-agonists; LAMA, long-acting muscarinic
antagonists; AECOPD, acute exacerbation of chronic obstructive pulmonary disease; BMI, body mass index;
CAT, COPD Assessment Test; SD, standard deviation; IQR, interquartile range.

Supplementary Table S4. Characteristics of subjects included in blood cell stabilityanalyses, compared to those not included. Missing data are shown.
Total

Not included

Included

N=571

N=185

N=386

Secondary care

84 (14.7%)

47 (25.4%)

37 (9.6%)

Primary care

Recruited from

Missing data
among
included
0

487 (85.3%)

138 (74.6%)

349 (90.4%)

Age

68.6 (7.7)

68.3 (8.4)

68.7 (7.3)

0

Female

335 (58.7%)

115 (62.2%)

220 (57.0%)

0

Current smoker

166 (29.1%)

72 (38.9%)

94 (24.4%)

0

BMI

26.8 (5.1)

26.6 (5.6)

26.9 (4.8)

2

CAT-score

12.0 (7.0–17.0)

14.0 (9.0–22.0)

11.0 (6.0–16.0)

0

≥1 AECOPD previous year

235 (41.4%)

96 (52.2%)

139 (36.2%)

2

FEV1, % predicted

56.6 (17.8)

53.0 (20.4)

58.3 (16.2)

0

GOLD grade 1

57 (10.0%)

24 (13.0%)

33 (8.5%)

GOLD grade 2

314 (55.0%)

76 (41.1%)

238 (61.7%)

GOLD grade 3

155 (27.1%)

56 (30.3%)

99 (25.6%)

GOLD grade 4

FEV1 grades

0

45 (7.9%)

29 (15.7%)

16 (4.1%)

Asthma

190 (33.5%)

72 (39.3%)

118 (30.6%)

1

Chronic bronchitis

193 (33.9%)

69 (37.3%)

124 (32.2%)

1

Coronary heart disease

62 (10.9%)

22 (11.9%)

40 (10.4%)

0

Heart failure

29 (5.1%)

14 (7.6%)

15 (3.9%)

0

Depression or anxiety

135 (23.7%)

55 (29.9%)

80 (20.8%)

1

ICS, current use

338 (60.6%)

131 (72.4%)

207 (54.9%)
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LABA, current use

318 (55.7%)

122 (65.9%)

196 (50.8%)

0

LAMA, current use

371 (65.0%)

134 (72.4%)

237 (61.4%)

0

Long-term oxygen, current use

11 (1.9%)

4 (2.2%)

7 (1.8%)

0

B-Leukocytes

7.6 (6.5–9.0)

8.1 (6.6–9.4)

7.4 (6.5–8.7)

0

B-Eos

0.2 (0.1–0.3)

0.2 (0.1–0.3)

0.2 (0.1–0.3)

0

B-Eos categories

0

<150

225 (40.0%)

79 (44.9%)

146 (37.8%)

≥150 - <300

188 (33.5%)

57 (32.4%)

131 (33.9%)

≥300

149 (26.5%)

40 (22.7%)

109 (28.2%)

B-Neutrophils

4.6 (3.7–5.7)

5.3 (3.8–6.0)

4.5 (3.6–5.4)

0

B-Lymphocytes

2.0 (1.6–2.4)

1.9 (1.5–2.4)

2.0 (1.6–2.5)

0

NLR

2.3 (1.7–3.1)

2.5 (2.0–3.6)

2.2 (1.7–2.9)

0

NLR ≥3.00

150 (26.7%)

59 (33.7%)

91 (23.6%)

0

Thrombocytes

267 (69)

271 (74)

265 (67)

11

Notes: Data presented as n (%) for categorical and binary variables and mean (SD) or median (IQR) for
quantitative variables. a) Sum of strata (n=462) does not equal total population (n=466) due to missing blood cell
data.
Abbreviations: COPD, chronic obstructive pulmonary disease; NLR, blood neutrophil-to-lymphocyte ratio; B-Eos,
blood eosinophils; FEV1, forced expiratory volume in 1 second; GOLD, Global initiative for Obstructive Lung
Disease; ICS, inhaled corticosteroids; LABA, long-acting beta2-agonists; LAMA, long-acting muscarinic
antagonists; AECOPD, acute exacerbation of chronic obstructive pulmonary disease; BMI, body mass index;
CAT, COPD Assessment Test; SD, standard deviation; IQR, interquartile range.

Supplementary Table S5. Stratified mixed-effects multivariable logistic regression models
on the association of neutrophil-to-lymphocyte ratio and blood eosinophils with risk of acute
exacerbation of COPD the following year. Each aOR represents a separate model.
Neutrophil-to-lymphocyte ratio
Continuous
≥3.00 versus <3.00
variable

Blood eosinophils, cells/µl
Continuous
≥300 versus <300
variablea

aOR

95% CI

aOR

95% CI

aOR

95% CI

aOR

95% CI

Yes (n=218)

1.39

0.99 – 1.96

1.87

0.70 – 4.97

1.08

0.83 – 1.43

1.55

0.57 – 4.21

No (n=354)

1.26

0.94 – 1.68

0.89

0.42 – 1.89

1.10

0.92 – 1.32

1.98

0.99 – 3.97

1.18

0.95 – 1.48

1.19

0.65 – 2.18

1.16

0.97 – 1.38

1.99

1.09 – 3.64

1.35

1.10 – 1.66

1.30

0.72 – 2.33

1.00

0.86 – 1.15

1.17

0.67 – 2.03

Continuously (n=186)

1.24

0.99 – 1.55

1.06

0.58 – 1.93

0.99

0.85 – 1.16

1.27

0.73 – 2.23

Intermittently (n=122)

1.23

0.91 – 1.65

1.31

0.64 – 2.71

1.22

1.00 – 1.49

1.98

0.96 – 4.10

Never (n=142)

0.93

0.62 – 1.39

0.38

0.10 – 1.43

1.15

0.90 – 1.46

1.80

0.75 – 4.37

≥1 course/continuously (n=191)

1.22

0.98 – 1.52

1.19

0.64 – 2.22

1.02

0.88 – 1.19

1.57

0.84 – 2.95

Never (n=246)

0.79

0.55 – 1.14

0.38

0.13 – 1.12

0.94

0.74 – 1.20

0.91

0.43 – 1.92

Yes (152)

1.24

0.98 – 1.55

0.93

0.49 – 1.77

1.09

0.93 – 1.29

1.50

0.82 – 2.77

No (313)

1.18

0.99 – 1.42

1.25

0.75 – 2.10

1.07

0.94 – 1.22

1.53

0.94 – 2.47

Yes (155)

1.21

0.90 – 1.63

0.93

0.49 – 1.77

1.16

0.99 – 1.35

2.06

1.03 – 4.12

No (310)

1.24

1.05 – 1.46

0.93

0.57 – 1.52

1.02

0.88 – 1.18

1.25

0.76 – 2.04

Yes (47)

1.20

0.85 – 1.71

1.14

0.32 – 4.07

1.15

0.79 – 1.68

2.19

0.62 – 7.68

No (419)

1.23

1.05 – 1.44

1.11

0.73 – 1.71

1.08

0.97 – 1.21

1.51

1.01 – 2.26

Yes (22)

1.05

0.40 – 2.73

0.93

0.05 – 17.14

1.91

0.73 – 5.02

2.47

0.14 – 44.37

No (444)

1.20

1.04 – 1.39

1.05

0.70 – 1.57

1.08

0.97 – 1.19

1.54

1.05 – 2.26

Yes (104)

1.32

1.006 – 1.74

1.63

0.67 – 3.97

1.09

0.81 – 1.45

1.86

0.83 – 4.17

No (360)

1.19

1.001 – 1.41

1.10

0.70 – 1.73

1.09

0.97 – 1.21

1.49

0.97 – 2.29

Strata
≥1 AECOPD previous year

b

c

Gender

Female (n=268)
Male (n=198)
ICS use during study period

d

OCS use during study period

e

Asthma

Chronic bronchitise

Coronary heart disease

Heart failure

e

e

Depression or anxietye

Notes: Models adjusted for ≥1 AECOPD preceding year, CAT score, BMI, current smoking, current ICS use,
FEV1, gender and age. a) Per 100 cells/µl increase. b) Models not adjusted for ≥1 AECOPD preceding year. c)
Models not adjusted for gender. d) Models not adjusted for current ICS use. e) Current or previous diagnosis of
comorbidity, self-reported at baseline visit.
Abbreviations: COPD, chronic obstructive pulmonary disease; aOR, adjusted odds ratio; CI, confidence interval;
AECOPD, acute exacerbation of COPD; CAT, COPD Assessment Test; BMI, body mass index; ICS, inhaled
corticosteroids; FEV1, forced expiratory volume in 1 second; OCS, oral corticosteroids.

Supplementary Table S6. Distribution of blood cell levels at three yearly visits in 386
subjects with COPD.
Baseline

Year 1

Year 2

≥3.00

91 (23.6%)

87 (22.5%)

88 (22.8%)

<3.00

295 (76.4%)

299 (77.5%)

299 (77.2%)

≥300

109 (28.2%)

120 (31.1%)

105 (27.2%)

≥150 - <300

131 (33.9%)

127 (32.9%)

126 (32.6%)

<150

146 (37.8%)

139 (36.0%)

155 (40.2%)

Neutrophil-to-lymphocyte ratio

Blood eosinophils, cells/µl

Abbreviation: COPD, chronic obstructive pulmonary disease.

Supplementary Table S7. Mixed-effects multivariable logistic regression models on the
association of neutrophil-to-lymphocyte ratio and blood eosinophils with risk of acute
exacerbation of COPD the following year. Columns represent separate models, and the rows
show the estimates of the predictors included in the models. This table is supplementary to
Table 3.
Blood cells as continuous variables
Model with NLR only

Model combining
NLR and B-Eos

Model with B-Eos only

aOR

95% CI

aOR

95% CI

aOR

95% CI

1.20

1.04 – 1.38

x

x

1.22

1.06-1.40

B-Eos, continuous variablea

x

x

1.08

0.98 – 1.20

1.10

0.997-1.22

≥1 AECOPD previous year

3.06

2.15 – 4.34

3.24

2.28 – 4.60

3.07

2.15-4.37

CAT score

1.07

1.04 – 1.10

1.07

1.04 – 1.10

1.07

1.04-1.10

BMI

0.99

0.96 – 1.03

0.99

0.96 – 1.03

0.99

0.96-1.03

Current smoking

1.07

0.70 – 1.64

1.08

0.70 – 1.65

1.06

0.69-1.63

Current ICS use

1.78

1.22 – 2.58

1.78

1.22 – 2.59

1.74

1.20-2.54

FEV1

0.98

0.97 – 0.99

0.98

0.97 – 0.99

0.98

0.97-0.99

Gender (female)

0.86

0.61 – 1.22

0.88

0.62 – 1.24

0.84

0.59-1.20

Age

0.99

0.97 – 1.01

0.99

0.97 – 1.01

0.99

0.97-1.01

NLR, continuous variable

Blood cells as dichotomised variables
Model with NLR only

Model with B-Eos only

Model combining
NLR and B-Eos

aOR

95% CI

aOR

95% CI

aOR

95% CI

NLR, ≥3.00 versus <3.00

1.20

1.04 – 1.38

x

x

1.13

0.76-1.67

B-Eos, ≥300 versus <300

x

x

1.08

0.98 – 1.20

1.54

1.06-2.24

≥1 AECOPD previous year

3.18

2.24 – 4.51

3.26

2.29 – 4.63

3.22

2.26-4.58

CAT score

1.07

1.04 – 1.10

1.07

1.04 – 1.10

1.07

1.04-1.10

BMI

0.99

0.96 – 1.03

0.99

0.96 – 1.03

0.99

0.96-1.03

Current smoking

1.08

0.71 – 1.65

1.06

0.69 – 1.63

1.06

0.69-1.62

Current ICS use

1.80

1.24 – 2.62

1.77

1.21 – 2.57

1.76

1.21-2.57

FEV1

0.98

0.97 – 0.99

0.98

0.97 – 0.99

0.98

0.97-0.99

Gender (female)

0.89

0.63 – 1.25

0.86

0.61 – 1.22

0.86

0.60-1.21

Age

0.99

0.97 – 1.01

0.99

0.97 – 1.02

0.99

0.97-1.02

Notes: x indicates predictor not included in model. a) Per 100 cells/µl increase.
Abbreviations: COPD, chronic obstructive pulmonary disease; NLR, blood neutrophil-to-lymphocyte ratio; B-Eos,
blood eosinophils; aOR, adjusted odds ratio; CI, confidence interval; AECOPD, acute exacerbation of COPD;
CAT, COPD Assessment Test; BMI, body mass index; ICS, inhaled corticosteroids; FEV1, forced expiratory
volume in 1 second.

