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To develop new strategies for identifying atopic dermatitis patients, a better understanding of the signs for
chronic inflammatory status is needed. This study was designed to investigate whether neutrophil-to-lympho-
cyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) are related to the severity of atopic dermatitis (AD) as-
sessed by the Scoring Atopic Dermatitis (SCORAD) index.

A retrospective study involving 80 AD patients and 45 healthy control subjects was performed. NLR, PLR, and
the number of peripheral blood eosinophils were compared between AD patients and healthy controls, and
correlations between these indexes and clinical characteristics were analyzed.

NLR, PLR, and eosinophils in AD patients were all significantly higher than in healthy individuals. Among AD
patients, NLR (p<0.001) and PLR (p<0.001), as contrasted with eosinophils (p=0.146), were correlated positive-
ly with SCORAD index. Additionally, an NLR level of 1.75 was determined as the predictive cut-off value of se-
vere AD (SCORAD >51) (sensitivity 94.7%, specificity 58.6%, the area under the receiver-operating characteristic
curve (AUROC) 0.778, p=0.001). For eosinophils, the sensitivity and specificity were 78.9% and 62.1%, respec-
tively, and the AUROC was only 0.685 (p=0.032) in predicting high SCORAD.

NLR and PLR reflect inflammatory response and disease severity in AD patients.
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Background

Atopic dermatitis (AD) (also known as atopic eczema) is a chron-
ic inflammatory skin disease with specific immune and inflam-
matory mechanisms. Although it most often starts in infancy
and affects about 20% of children, AD is also highly prevalent
in adults [1]. No specific laboratory or histological findings have
been reported, so the diagnosis relies exclusively on sets of
criteria [2] that require information obtained from patient his-
tory and physical examination. The relationship between AD
and systemic inflammation has been reported in several stud-
ies [3-6]. Many different markers of inflammation have been
used to assess inflammatory status in atopic dermatitis and
to reflect disease activity, such as eosinophil counts or serum
immunoglobulin E (IgE) levels [7-10].

The neutrophil-to-lymphocyte ratio (NLR), platelet-to-lympho-
cyte ratio (PLR), and similar parameters (e.g., red blood cell
distribution width [RDW] and mean platelet volume [MPV]),
which can be easily calculated using peripheral blood, have
been examined as a new expression of the inflammatory bio-
markers in many diseases [11-16]. Similarly, recent studies
have shown that these elevated levels of systemic inflamma-
tory markers (NLR, PLR, RDW, and MPV) are associated with
severity of many diseases, such as cancer, psoriasis, systemic
lupus erythematosus, and acne vulgaris [15,17-20]. Similar pa-
rameters, such as metastatic lymph node ratios, are new and
emerging parameters for various cancers [21,22].

Nevertheless, to the best of our knowledge, only a limited
number of studies have investigated NLR and PLR values in
patients with atopic diseases (such as asthma and allergic
rhinitis) [23,24]. The NLR and PLR have not yet been elucidat-
ed in patients with atopic dermatitis, not even the relation-
ship between NLR, PLR levels, and severity in patients with AD.
Therefore, we aimed to determine if NLR and PLR were relat-
ed to the severity of AD.

Material and Methods

Study population

This retrospective study was performed at the First Hospital of
Jilin University between January 2009 and April 2016. A total
of 109 patients with atopic dermatitis were included. Patients
with other chronic inflammatory diseases such as inflamma-
tory bowel diseases, cardiovascular disorders, overt infec-
tions, hematological diseases, chronic liver or kidney diseases,
and autoimmune disorders were excluded from the analysis.
After exclusion, 80 patients were included in the final analy-
sis. For comparison, 45 age- and sex-matched healthy controls
were used. The study was conducted in accordance with the
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Declaration of Helsinki and was approved by the First Hospital
of Jilin University Ethics Committee.

Clinical and laboratory assessments

Demographic information and laboratory data were collect-
ed and documented on a form by a clinician who was blind-
ed to prevent bias.

Age, sex, white blood cell (WBC) count, neutrophils/lympho-
cytes ratio (NLR), neutrophil count, lymphocyte count, eosin-
ophil count, platelet count (PLT), platelet-to-lymphocyte ratio
(PLR), red blood cell distribution width (RDW), mean platelet
volume (MPV), red blood cell distribution width-to-platelet ra-
tio (RPR), high sensitive C reactive protein (hs-CRP), erythro-
cyte sedimentation rate (ESR), the total serum immunoglobu-
lin E (IgE) levels, and Scoring Atopic Dermatitis Index (SCORAD)
of the patients were recorded on admission. Disease severity
was classified into 3 categories (below 24 as mild, between
25 and 50 as moderate, and above 51 as severe), according
to the assessment at the patient’s last visit.

Statistical analysis

Continuous data are presented as mean + standard deviation.
Differences in the continuous variables between groups were
determined by t test or the Mann-Whitney U test, as appro-
priate. Patient groups established according to SCORAD score
were compared with one-way analysis of variance for multi-
ple comparisons. When a significant difference between the
3 groups was observed, the Mann-Whitney U test was used
for the determination of difference between pairs. The corre-
lations between SCORAD and other parameters were evaluat-
ed with Pearson’s correlation test. Furthermore, the area un-
der the receiver-operating characteristic curve (AUROC) was
assessed to determine the sensitivity and specificity of NLR,
eosinophils, and PLR in predicting a high SCORAD score. All
statistical analyses were performed using SPSS 17.0 (SPSS
Inc., Chicago, IL) and statistical significance was defined as a
p value <0.05.

Results

Demographic, clinical characteristics and laboratory results of
the study population are summarized in Table 1. Our study in-
cluded 80 mild-to-severe atopic dermatitis patients (51 males,
29 females) and 45 healthy controls (28 males, 17 females).
The mean ages of AD patients and controls were 7.3+3.5 and
6.8+2.7 years, respectively. There was no difference between
the groups with regard to sex or age.
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Table 1. Clinical, demographic characteristics and laboratory results of the participants.

Study group (n=80)

Gender (Male/Female) 51/29
"""" Age(years 73835
"""" WBCcount, 10 849256
"""" Neutrophils, 1L 467¢190
"""" lymphocytes, 100 271:154
"""" NR 2731223
"""" Eosinophils, 1L 033038
"""" PT1°4  29000:9760
"""" PR 15222:9970
"""" ROW% 1352120
"""" MRV, 10204108
"""" RR 00540026
"""" hs-CRP,mg/L 556503
"""" ESRmm/h 27429
"""" Immunoglobulin £, 1/ml  713:1240
"""" ScoRaAD  sox34

Control group (n=45) p value
28/17 >0.05
"""""""""" 6827 005
""""""""" 606:178 <00l
""""""""" 3ags127 00031
""""""""" 1e9:077  oowe7
""""""""" 190:073 o008
""""""""" 015012 00014
 2ms3eso7 00054
130635661 02654
- poetor 0ose2
1061086 01277
"""""""" 00610021 0204

WBC — white blood cell; NLR — neutrophils to lymphocytes ratio; PLT — platelet; PLR — platelet to lymphocyte ratio; RDW — red blood
cell distribution width; MPV — mean platelet volume; RPR — red blood cell distribution width to platelet ratio; hs-CRP — high sensitive C
reactive protein; ESR — erythrocyte sedimentation rate; SCORAD — Scoring Atopic Dermatitis Index.

We found that the patients with atopic dermatitis had sig-
nificantly higher white blood cell counts, neutrophil counts,
lymphocyte counts, NLR, eosinophil counts, and PLT than the
healthy controls (Table 1), but there were no statistically sig-
nificant differences between PLR, RDW, MPV, and RPR of pa-
tients and controls.

Table 2 provides the laboratory data and the differences among
the 3 groups in each of the clinical measurements. In our study,
24 patients (30.0%) had mild atopic dermatitis, 30 (37.5%) had
moderate atopic dermatitis, and 26 (32.5%) had severe AD.
Neutrophil counts (p<0.01), lymphocyte counts (p<0.01), NLR
(p<0.01), PLR (p<0.01), and ESR (p<0.05) according to SCORAD
score subgroups were significantly different. Furthermore, NLR
(p<0.01) and PLR (p<0.01) increased with SCORAD score as
compared to eosinophils (Table 2, Figure 1).

Interestingly, for NLR, PLR, and eosinophils levels, each was
found to be positively correlated with the other two (p<0.01)
(Figure 2). Diagnostic accuracy of NLR, PLR, and eosinophils
levels in relation to high SCORAD score (>51) is depicted in
Figure 3. The sensitivity and specificity of eosinophils were
78.9% and 62.1%, respectively, and the AUROC was 0.685
(p=0.032) (Table 3). The sensitivity and specificity of PLR were

63.2% and 75.9%, respectively, and the AUROC value was 0.679
(p=0.038). Nevertheless, an NLR level of 1.75 was determined
as the predictive cut-off value of severe AD (sensitivity 94.7%,
specificity 58.6%, AUROC 0.778) (p=0.001). Compared with
preexisting indicators, NLR yielded a higher AUROC than eo-
sinophil counts (0.685; P=0.032) in predicting high SCORAD.

Discussion

Atopic dermatitis is a chronic and recurring allergic inflamma-
tory skin disease frequently associated with peripheral eosino-
philia[6, 8, 25, 26]. In this study, we investigated whether NLR
and PLR were associated with the severity of childhood AD.

Uniformity and specificity are important when diagnosing AD,
especially when doing clinical studies, otherwise risking misclas-
sification. However, uniformity in the utilization of diagnostic
criteria for AD, as well as validation, is lacking. To date, no study
has determined whether quantification of eosinophils can tru-
ly serve as a criterion standard metric. Eosinophilia (i.e., more
than 500 eosinophils per microliter of blood) has long been
shown to be present in most patients with AD and is correlat-
ed with the disease activity [7,10,27,28], and has even served
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Table 2. Laboratory results of patients according to SCORAD.

Group | Group 1 Group 11l

(n=24) (n=30) (n=26) Gl-lip GI-lllp Gl-lip

SCORAD (0-24) SCORAD (25-50) SCORAD (51-103)
WBC count, 10%/L 8.14+1.75 9.56+3.22 8.68+3.55 0.248
Neutrophils, 1090 2884105 6254281 5712227 0000 0001 0007 0826
Clymphocytes, 10 431x159 | 2808115 147:082 0000 0016 0000 0060
NR O 092088 2798193 3826212 0000 0001 0000 0150
CEosinophils, 1L 0312034 043045 060:037 o146
CPTIOA 28ss107  296:102 278170 o910
R 75831 147 23ss7 0000 0203 0000 0000
ROW% 13756115 13131096 1361e118 o031
v 1025:106 1000¢104 1058095 0437
RR 0054£0019  0051:0022 0056:0028 o881
ChsCRP,mgl 2520201 738690  621x467 0080
CesRmmih 642 a0 31028 0029 0272 0032 0558
immunoglobulin €, 1U/ml  309:430 3874596 - 1034172 o182

WBC — white blood cell; NLR — neutrophils to lymphocytes ratio; PLT — platelet; PLR — platelet to lymphocyte ratio; RDW — red blood
cell distribution width; MPV — mean platelet volume; RPR — red blood cell distribution width to platelet ratio; hs-CRP — high sensitive C
reactive protein; ESR — erythrocyte sedimentation rate; SCORAD — Scoring Atopic Dermatitis Index.

5.00 p<0.01 0.80+ p<0.146
4.00- } < 0]
=
2 3.001 =
g E 040
— [=3
S 2.0 s
07 5 =0
0.00 1 0.00
Under24 ~ 25-50  51-103 Under24  25-50  51-103
SCORAD SCORAD
350004 p<0.01
300.00
250.001
=
= 200001
150.001
100.007 T I
50.001 : : :
Under 24 25-50 51-103
SCORAD

Figure 1. N/L ratio, Eosinophils and P/L ratio of patients according to SCORAD.
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Figure 2. Correlation between N/L ratio, P/L ratio and
Eosinophils.

Figure 3. The receiver-operating characteristic curve showing the
sensitivity and specificity of NLR, Eosinophils, and PLR
with regard to high SCORAD.

Table 3. Diagnostic accuracy of different formulate with regard to high SCORAD score.

Sensitivity, %

Specificity, %

PLR 0.679 (0.513, 0.844)

NLR — neutrophils to lymphocytes ratio; PLR — platelet to lymphocyte ratio; SCORAD — Scoring Atopic Dermatitis Index;

AUROC - the area under the receiver-operating characteristic curve.

as a diagnostic parameter in differentiating allergic (extrinsic)
AD from non-allergic (intrinsic) AD [10]. Our results correspond
well with those of earlier studies noting that peripheral blood
eosinophilia could be used as a diagnostic tool in recognizing
atopic dermatitis [2,10,26,29]. However, we found that blood
eosinophil count was not well correlated with disease activi-
ty, which differs from previous reports [9,28,30]. A possible ex-
planation for this discrepancy is the that constituent ratio of
the 3 subgroups of severity of AD has been changed through
the exclusion criteria, and thus, as a retrospective study with
a small number of patients, not all variable confounding fac-
tors could be included in statistical analysis.

Previous studies have revealed that AD is often associated
with the later development of asthma, allergic sensitization,
and allergic rhinitis, also known as “the atopic march” [31,32],
but recent evidence has demonstrated that the development
of a particular allergic disease does not necessarily follow the
classical paradigm of the atopic march [33]. Moreover, the
correlations seem to be much more complicated than that of
one condition progressing into another [34-36]. Additionally,
the severity of AD as evaluated with the SCORAD index is

concomitant with the occurrence of asthma or allergic rhini-
tis [37]. In fact, an association between increased NLR, chron-
ic systemic inflammation, and risk for asthma, allergic rhinitis,
or even gastrointestinal diseases has been reported in the lit-
erature [21,23,24,38]. Furthermore, elevated NLR is associat-
ed with the severity of allergic rhinitis in children, which indi-
cates that NLR can be used as an indicator of inflammation in
allergic rhinitis [23]. Therefore, we speculate that uncontrolled
inflammation, as is seen in AD, may cause an increase in NLR.

Although genetic factors play an important role in AD, the
pathogenesis is attributable to specific immune and inflam-
matory mechanisms. Currently, NLR, as a widely available, in-
expensive, easily derived, and reproducible laboratory mark-
er, is used to quantify systemic inflammation. There are also
reports of a positive correlation between the NLR and com-
monly used inflammatory markers [16,17]. We detected a pos-
itive correlation between NLR and absolute eosinophil counts,
which are used as surrogate markers of disease activity, as in
asthma, atopic dermatitis, allergic rhinitis, and conjunctivitis
[39]. Unlike novel inflammatory biomarkers, the NLR is cost-
effective and readily available, and it provides additional risk
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stratification beyond conventional risk scores. A better under-
standing of the role of NLR in AD may help to clarify the rea-
sons for the development of different clinical subtypes (the
extrinsic type and the intrinsic type), comorbidities, and why
some patients have longer duration and insufficient responses
to treatments, as inflammation is important not only in patho-
physiology but also clinical outcomes of AD.

It is known that AD is generally more common in females [40].
However, recent studies have revealed a male predominance
at younger ages [8,41]. In the present study, the sex ratio was
1.76: 1, with a male predominance, which was higher than in
a previous report in which 68% of the study participants were
male (sex ratio 1.5: 1) [8]. This is probably attributable to the
high proportion of younger children.

The present study had several potential limitations. First, the
sample size was relatively small and all the subjects were from
the same center. Second, this study was designed as a retro-
spective study lacking longitudinal observation. Third, we did
not collect enough results of skin prick tests or allergen-spe-
cific IgE, so we were unable to divide AD into extrinsic type
and the intrinsic type according to the serum IgE levels and
the presence or absence of allergen-specific IgE [42]. Finally,
due to insufficient data, we did not explore the influence of
treatment on NLR or PLR.

Despite these limitations, we still found some meaningful cor-
relations of NLR and PLR with inflammatory markers and sever-

ity in AD patients. In our study, we reached 3 main conclusions.
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