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Abstract. - OBJECTIVE: It is widely known that
the main white blood cell populations, and neu-
trophil to lymphocyte ratio (NLR), are involved in
systemic inflammation. The usefulness of NLR
measurements has been reported in patients
with asthma. We performed a systematic review
and meta-analysis of studies to investigate the
relationship between the NLR and asthma and
its exacerbations.

MATERIALS AND METHODS: We systematically
searched PubMed and Embase databases for stud-
ies (published between Jan 1, 1950 and Jan 2, 2020;
no language restrictions) comparing the NLR val-
ues in patients with stable asthma or asthma exac-
erbations to healthy controls. We assessed pooled
data by use of a random-effects model.

RESULTS: Of 260 identified studies, 6 were eli-
gible and were included in our analysis (N = 2418
participants). Compared with 439 healthy con-
trols, 743 stable asthma patients in four studies
showed significantly greater NLR values (stan-
dardized mean difference, SMD, 0.567, 95% CI
0.212-0.922; p = 0.002). Furthermore, compared
with 1063 stable asthma patients, 402 asthma ex-
acerbation patients yielded significantly greater
NLR values (random effects SMD 1.335, 95% CI
0.429-2.241; p < 0.001).

CONCLUSIONS: Our meta-analysis showed
that the NLR values are a reasonable and easy-
to-use marker for asthma and its exacerbations.
Further studies, with larger sample sizes and
more phenotypes, are required to establish its
use as a predictive parameter in asthma.

Key Words:
Asthma, Exacerbation, Meta-analysis, Neutrophil-to-lym-
phocyte ratio.

Introduction

Asthma is a common chronic health problem,
placing a great burden on families and society'.

Corresponding Author: Yifan Sun, MD; e-mail: sunyifan@gxmu.edu.cn

The immuno-histopathologic features of asth-
ma involve granulocytic and lymphocytic infil-
tration, epithelial cell injury and mast cell acti-
vation??. Although available anti-inflammatory
treatments have not been shown to reliably alter
this natural history of the disorders, morbidity
is reduced during treatment*>. Research related
to early diagnostic markers in patients affected
by asthma is thus a priority for public health.

The blood neutrophil to lymphocyte ratio
(NLR), a marker of chronic inflammation, is
known as a simple, widely available and inex-
pensive index measured from complete blood
counts. In various recent studies, the NLR has
been evaluated as a probable predictor of in-
flammation periods in chronic diseases®® and
many other diseases’''. Elevated NLR value
predicted a poor overall survival rate in bladder
cancer patients'? and indicated a severe exacer-
bation in patients with chronic obstructive pul-
monary disease (COPD)". In the pathogenesis
of asthma, cytokines cause an increase in neu-
trophils', and lymphocytes have a central role
as a conductor of the immune orchestra that
contributes to asthma'.

Several studies have investigated NLR in pa-
tients with asthma. Because individual studies
might not be able to provide sufficient evidence
or power on their own to provide validated re-
sults or to affect practice, we decided to assess
objectively the potential role of the NLR to
distinguish between healthy subjects and pa-
tients with stable asthma, and between patients
with stable asthma and asthma exacerbations.
Therefore, we did a systematic review and me-
ta-analysis to establish the effect of the NLR
to distinguish healthy controls from those with
stable asthma or asthma exacerbation.
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Materials and Methods

Search and Selection

We selected relevant studies published between
Jan 1, 1950, and Jan 2, 2020, by searching the
PubMed and Embase databases with the follow-
ing query: [“NLR ratio” OR “neutrophils-to-lym-
phocyte ratio”] AND [asthma OR wheeze OR
wheezing OR bronchiolitis OR bronchitis]. We
searched for the terms in titles and abstracts and
used MeSH terms.

Titles and abstracts were independently
scanned by three authors (W.H, G.H and Y.S), and
the studies were retrieved for full-text assessment
when they satisfied the inclusion criteria. We
obtained full texts from interlibrary loans, from
electronic databases, or by emailing the authors.
After screening, the reviewers compared their re-
sults and resolved discrepancies.

We included fully reported original studies that
assessed both blood neutrophil-to-lymphocyte ra-
tio during the stable phase of asthma or at the time
of hospital admission for asthma exacerbations.
Subjects with or without asthma were compared,
and those with stable asthma were compared to
those with exacerbations of asthma (case-control
design). We excluded duplicate articles, studies in
the form of abstracts and conference proceedings,
and studies not published in full text. We included
studies in which asthma was diagnosed by physi-
cians or from medical reports; parental reports of
current wheezing (>1 episode in the past years);
parental reports of treatment for asthma or asth-
ma exacerbations; and parental reports of doctor
diagnosis of asthma. We excluded studies that did
not distinguish between asthma/wheezing condi-
tions and other atopic conditions (e.g., “history of
asthma or other allergies,” “history of wheezing
or bronchitis”). We also excluded studies that an-
alyzed “wheeze ever” as an outcome only.

The Newcastle-Ottawa Scale (NOS) was used
to evaluate the quality of each study'. This scale
consists of 3 parts: 1) selection of the cohort, 2)
comparability of cohorts on the basis of the de-
sign or analysis and 3) how outcomes of interest
were assessed, and exposure ascertained. Studies
in which at least six factors were present were
considered high quality.

Data Extraction

Three authors (Q.Z., W.L. and J.C)) extracted
the following data from each selected study: the
year of publication, the total number of partici-
pants, age (mean [SD]), gender, and NLR val-
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ues (mean [SD]). We used medians and ranges
to obtain the means and standard deviations of
NLR values for each study'. Three independent
reviewers (L.W., LW. and Z.L.) assessed risk for
bias according to the PRISM A recommendations.

Statistical Analysis

We performed separate meta-analyses for
main outcome, first to evaluate the differences of
NLR values between healthy and stable asthma
subjects, and then to evaluate the NLR of stable
asthma patients versus those with exacerbations.
We used standardized mean differences (SMD)
and 95% confidence intervals (Cls) to construct
forest plots of continuous data. p < 0.05 was con-
sidered statistically significant. We used the Q
statistic (significance level at p < 0.10) to assess
heterogeneity of SMD between studies. We also
did 7* testing to assess the magnitude of the het-
erogeneity between studies, with values less than
25% representing no heterogeneity, and values
greater than 50% regarded as indicative of moder-
ate-to-extreme heterogeneity'™. We calculated the
pooled SMD and corresponding 95% confidence
intervals using a random-effects model. The cor-
relation between study size and magnitude of ef-
fect was assessed by using Begg and Mazumdar
rank correlation tests and Egger tests to evaluate
the potential for publication bias and defined sig-
nificant publication bias as p < 0.10"”. We assessed
the influence of an individual study on overall
risk estimate by sensitivity analysis®’. The trim-
and-fill computation was used to further estimate
the effect of publication bias on the interpretation
of the results?’. We used Stata (version 12.0) for all
statistical analyses.

Results

Our search identified 260 studies. Figure 1
presents the search and selection process. We
screened 247 titles, of which 41 were retained
after using the reference management program
EndNote (Thomson Reuters Corp., New York,
NY, USA) to exclude some of the duplicate titles
automatically. After reading full texts, 6 articles
(with data for 2418 participants) were included in
our analysis (Figure 1),

NLR in Controls and Stable Asthma

Table I details the characteristics of the four
studies investigating the NLR in controls vs.
subjects with asthma. Most were retrospective



NLR is a predictor of asthma and its exacerbation: a meta-analysis

Records identified through Records identified through
PubMed retrieve Embase retrieve
n=179) (n=81)

|

Records obstained
(n =260)

Duplicated records

Titles and abstracts screened for eligibility
(n=247)

Full texts screened for eligibility
(n=41)

(n=13)
/180 Not on topic R
Titles and abstracts exclude || 17 Not in human
(n=206) 9 Duplicates
. J
~
32 Not on topic
Full texts exclude |, | 2Only “wheeze ever”
(n=35) 1 Duplicates
o )

Articles included in the study
(n=6):
CTRL vs asthma vs exacerbation asthma (n=2)
CTRL vs asthma (n=2)
Asthma vs exacerbation asthma (n=2)

Figure 1. Flow chart showing the literatures search and selection.

studies, which comprised a total of 743 asthma
patients (370 females and 373 males) and 439
healthy controls (246 females and 193 males) (22-
25). The mean NLR values were 1.58 + 0.98 and
2.30 £ 1.18 in healthy and asthma patients, respec-
tively, a 45% greater NLR in asthma patients.
The asthma patients showed a greater mean
increase in the NLR than the controls when an-
alyzed by forest plots (Figure 2). The random-ef-
fects model was employed due to substantial
heterogeneity between studies (12 = 85.8%, p <
0.001). Pooled analysis showed that the NLR was
significantly higher in patients with asthma (SMD
0.567, 95% CI1 0.212-0.922; p = 0.002). The sensi-
tivity analysis showed that the meta-analysis was
stable (Figure 3). Egger tests showed significant
publication bias (¢ = 0.083). Moreover, further
analysis with trim-and-fill tests indicated that
one potential missing study was required on the
left side of the funnel plot to ensure symmetry
(Figure 4). The adjusted SMD was reduced sig-
nificantly (0.415, 95% CI 0.058-0.772; p = 0.023).

NLR in Stable Asthma vs. Asthma
Exacerbations

The characteristics of the four studies investi-
gating NLR values in stable asthma and asthma
exacerbations are presented in Table II. Three
studies were retrospective?2*?’” whereas one was
prospective®’. They comprised a total of 1063 sta-
ble asthma patients (494 females and 569 males)
and 402 asthma exacerbation patients (205 fe-
males and 197 males). The mean NLR was 2.02
+ 0.68 and 4.81 + 4.87 in asthma and asthma ex-
acerbation patients respectively, a 138% greater
NLR in asthma exacerbation patients (Figure 5).

The forest plot demonstrated greater mean
NLR values in patients with asthma exacerbations
when compared with patients with stable asthma,
with a statistically significant between-study het-
erogeneity (* =97.4%, p <0.001). Pooling the data
of these investigations showed that the NLR was
significantly higher in patients with asthma ex-
acerbations (random effects SMD 1.335, 95% CI
0.429-2.241; p < 0.001). The sensitivity analysis
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Table I. Real Time-PCR primers.

Control group Asthma group
First author, study NOS Age Gender NLR Age Gender NLR
year, country design (stars) n (Years) (F/M) Mean = SD n (Years) (F/M) mean =SD
Dogru (2015)
Turkey R 7 170 8.71+3.03 80/90 1.77+1.71 469 8.58+3.25 203/266 2.07+1.41
Nacaroglu (2016)
Turkey R 6 94 14.0843.33 47/47 1.541.2 54 1043 27/27 2.4+0.3
Shi (2017)
China R 7 130 49.51+13.58 90/40 1.68+0.15 175 49+14 115/60 1.99+1.15
Hendy (2018)
Egypt P 7 45 33.07+10.89 29/16 1.4+0.52 45 37.82+14.54 25/20 2.77+1.87

Table Il. Characteristics of include studies.

Asthma group Asthma exacerbation group
First author, study NOS Age Gender NLR Age Gender NLR
year, country design (stars) n (Years) (F/M) Mean = SD n (Years) (F/M) mean =SD
Nacaroglu (2016)
Turkey R 7 54 10+3 27/27 2.4+0.3 54 10+3 27/27 4.9+8.1
Mochimaru (2018)
Japan P 6 58 60.33+14.31 32/26 2.07+0.13 46 60.33+14.31 25/21 2.48+0.14
Shi (2017)
China R 7 175 49+14 115/60 1.99+1.15 87 49.51+13.58 48/39 9.69+9.84
Cag (2019)
Turkey R 7 776 7.5+1.19a 320/456 1.65+1.16 215 7.5+1.19 105/110 2.18+1.41
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Figure 2. Forest plots of studies examining
NLR and asthma. Cochran’s Q =21.19 (df = 3),
p<0.0001; I? (variation in SMD attributable to
heterogeneity) = 85.8%.
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comparing subjects with stable asthma to those
with asthma exacerbations indicated no substan-
tial alteration when single studies were removed,
indicating that the results of the meta-analysis
were stable (Figure 6). There was no significant
publication bias in this analysis (p = 0.621).

Discussion

Our results show that, compared with healthy
controls, blood NLR values are significantly
greater in patients with stable asthma, but the
difference was reduced after trim and fill adjust-
ments were made. Furthermore, compared with
patients with stable asthma, patients with asthma
exacerbations show higher blood NLR values,

with no difference before and after trim and fill.
These data lend support to the idea that the NLR
can be used as a diagnostic parameter for asthma.

To diagnose a subject as having asthma, he/she
should have a methacholine test, a pre-broncho-
dilator airflow obstruction and reversibility test,
or a pre- but not post-bronchodilator airflow ob-
struction test®. In recent years, there has been an
increasing interest in the investigation of easily
acquired biomarkers for the diagnosis of asth-
ma®. The induced sputum cell count is currently
the most valid, specific and discriminative meth-
od for evaluating airway inflammation in asth-
matic patients’®. However, because this method
is difficult to administer in routine practice, it is
unlikely to serve as a routine test for diagnosis
or monitoring of asthma. Other biomarkers like

Figure 3. Sensitivity analysis of

the association between NLR ratio
and asthma. The influence of indi-
vidual studies on the overall stan-
dardized mean difference (SMD) is
shown. Solid squares represent the
pooled SMD when remaining study

Overall -
Dogru et al. [22] o
Nacaroglu et al. [23] -
Shi et al. [24] -
Hendy et al. [25] &
. 1 1 . 1 . 1
0.0 0.4 0.8 12 1.4

Standarized Mean Difference

is omitted from the meta-analysis.
Two ends of each straight line rep-
resent 95% CI.
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Filled funnel plot with pseudo 95% confidence limits

Figure 4. Funnel plot studies show-
ing healthy controls and patients with
stable asthma trimming and filling. En-
closed circles and free circles represent
dummy studies and genuine studies,
respectively.

theta, filled

0 1

s.e. of: theta, filed

peripheral blood cell counts and fractional nitric
oxide of exhaled air etc., are currently being re-
ported’',

Neutrophils, as the first line of defense against
fungal and bacterial infections, play an essen-
tial role in the immune system. The numbers
and activation levels of neutrophils are higher
in patients with symptomatic asthma compared
to the absence of symptoms or after treatment
of, and recovery from the allergic process*.
However, other authors found a similar num-

ber of neutrophils in induced sputum or bron-
choalveolar lavage (BAL) from control subjects
compared with patients with slight to moder-
ate asthma?*-°. This implies that the number or
percentage of neutrophils alone as an index of
asthma is unreliable. Nevertheless, neutrophils
have been found to be involved in synthesis of
metalloproteinases MMP-9%, elastase®®-°, my-
eloperoxidase*’, lipid mediators* and reactive
oxygen species®, which are increased in asth-
ma patients compared to controls. Thus, neu-

|
Nacaroglu et al. [23] - :—o—
[
Mochimaru et al. [26] |- [ —_—
[
[
Shi et al. [24] |- | ——
[
[
Cagetal. [27] | -
[
|
Total (random effects) — |
|
|
[ | | [ | T [
-1 0 1 2 3 4 5

Standardized Mean Difference

Figure 5. Forest plots of studies examining asthma and exacerbation asthma. Cochran’s Q = 114.56 (df = 3), p < 0.0001; I?

(variation in SMD attributable to heterogeneity) = 97.4%.
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Figure 6. Sensitivity analysis of the association between NLR and exacerbation asthma. The effect of individual studies on

the overall standardized mean difference is shown.

trophils can contribute to early and late asthma
responses indirectly by producing these other
factors.

Lymphocytes are thought to be associated with
the clinical manifestation of asthma*-*4. The num-
ber of activated CD4" lymphocytes in BAL fluid
has been shown to be related to the exacerbation
of asthma®, and CD4" lymphocytes in peripher-
al blood have been shown to inversely correlate
with clinical improvement during acute asthma**.
In contrast to these findings, Oosterhoff et al** re-
ported that the day-to-night changes of lympho-
cyte number in peripheral blood and BAL fluid
were not associated with increased nocturnal air-
way obstruction in asthma, and there were no dif-
ferences in lymphocyte number between noctur-
nal asthma or control groups**¥. Therefore, using
only the number of lymphocytes in peripheral
blood as a biomarker for asthma is controversial,
and may not be accurate.

The NLR initially was utilized as a marker for
the general immune response to various stress
stimuli*®*. However, there is a propensity recent-
ly to take the NLR as a predictor of the onset,
progression, and prognosis of most cancers*-*2.
In the latest meta-analysis conducted by Panagi-
otis et al®, NLR values were significantly higher
during COPD exacerbation compared with both
the asymptomatic period and the control group.
Despite several potential physiological advan-

tages of the NLR, there is no clear evidence of
efficacy for the NLR as biomarker related to re-
spiratory symptoms.

In this context, we postulated the NLR as a
marker of chronic inflammation that can be ac-
quired easily by routine blood examination. Find-
ings from this meta-analysis show a clinical val-
ue of the NLR for the diagnosis of asthma. This
value was noted despite the fact that the NLR has
been shown to associate with several chronic in-
flammatory disease states that could have blunted
its overall diagnostic value for asthma. Moreover,
larger NLR values were associated with more se-
vere asthma. These findings show the potential
value of the NLR for monitoring asthma and sug-
gest that the NLR should be considered an indica-
tor of effective treatment in patients with asthma
exacerbations. Most importantly, these data sup-
port a rapid, inexpensive and technologically sim-
ple method for the diagnosis of asthma.

A limitation of this analysis is that the num-
ber of enrolled studies was small. Investigations
with larger sample sizes should be performed to
increase reliability. Second, most of the studies
included were retrospective. The experimental
details of different retrospective studies vary; po-
tential heterogeneities among them can influence
the final results. Biases in patient selection and data
analysis were unavoidable. Finally, most of these
studies only evaluated the NLR at one point-time,
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and we do not know whether the fractions of neu-
trophils and lymphocytes change over time.

Conclusions

Briefly, although further studies are needed to
establish the optimal approach to establish its use
as a predictive parameter for asthma, our findings
clearly lend support to the use of the NLR for the
diagnosis of asthma.
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