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Previous studies have suggested that alopecia areata
(AA) is an organ-specific disease characterized by loss
of immune privilege of hair follicles. However, an in-
creasing body of research indicates that it not only af-
fects the skin but may also be accompanied by syste-
mic inflammatory reactions. Therefore, searching for
simple and easily available biomarkers to describe the
underlying systemic inflammation in AA patients is of
great clinical significance. Complete blood collection-
based systemic inflammation biomarkers have been
shown to be associated with the severity and prog-
nosis of various skin and autoimmune diseases. They
involve multiple cell lineages and can reveal different
pathways of immune-inflammatory responses. The
aim of this study was to investigate the level of com-
plete blood collection-based systemic inflammation
biomarkers in patients with AA, and to analyse their
relationship with the disease severity. A total of 302
AA patients and 296 healthy controls were included in
this study and the neutrophil/lymphocyte ratio (NLR),
platelet/lymphocyte ratio (PLR), systemic immune in-
flammation index (SII), and white blood cell/lympho-
cyte ratio (WLR) were calculated. The differences in
these indicators between the 2 groups were compa-
red, and the relationship between NLR, PLR, SII, WLR,
and the risk of severe AA were analysed. AA patients
had higher NLR, SII, and WLR compared with healthy
controls (p=0.004, 0.002, and 0.002 respectively).
PLR and SII were higher in the severe AA group
compared with the mild-to-moderate AA patients
(p=0.005 and 0.011 respectively). The risk of severe
AA increased with the increasing of PLR, SII, NLR, and
WLR (p for trend was 0.001, 0.006, 0.022, and 0.021,
respectively). The levels of systemic inflammation
biomarkers in AA patients are higher than in healthy
people. NLR, PLR, SII, and WLR are risk factors for
severe AA, suggesting a close association between
systemic inflammation and disease occurrence in AA
patients.
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SIGNIFICANCE

Alopecia areata is an autoimmune skin disease. While
complete blood collection-based systemic inflammation
biomarkers have been shown to be associated with the
severity and prognosis of various skin and autoimmune di-
seases, research on their relationship with alopecia areata
is limited. This study compared these inflammatory mark-
ers between alopecia areata patients and healthy indivi-
duals, revealinwg higher levels of certain inflammatory
indicators in alopecia areata patients, suggesting a close
association between systemic inflammation and the onset
of the disease. Our results also suggest that these syste-
mic inflammatory biomarkers are risk factors for severe
alopecia areata, and have the potential to serve as early
and easily obtained prognostic markers in patients with
alopecia areata.

lopecia areata (AA) is a chronic, inflammatory hair

loss disease affecting 0.1% to 0.2% of the general
population (1). Treatment approaches are typically
based on the disease severity, and systemic drugs are
usually reserved for moderate-to-severe cases where
topical options have not proved effective (2). With the
emergence of effective small-molecule drugs targeting
the JAK-STAT pathway, when and whether to initiate
targeted systemic therapies in AA patients becomes a
question (3).

Recent studies have shown that AA, which was
previously thought to be a condition limited to the hair
follicles, is associated with systemic inflammation (4—6).
Patients with AA have shown a dysregulation in systemic
cytokines, including Th1, Th2, and Th17. The severity of
the disease has been found to be directly correlated with
elevated levels of cytokines such as IL-2, TNF, IL-12,
IL-17, and IL-17E in the serum (5). Bain et al. (6) found
that the levels of type 17 cytokines IL-17A, IL-17F,
IL-21, and IL-23 were increased in patients with AA,
and the levels of type 2 cytokines IL-33, IL-31, and
IL-17E(IL-25) were also significantly increased. Glick-
man et al. (7) discovered an imbalance in the expression
of multiple cytokines in serum samples from patients
with AA. They also sequenced 350 proteins from serum
samples of patients with moderate to severe AA and
found that the expression of Th1/Th2 and cardiovascular/
atherosclerosis-related proteins in patients with moderate
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and severe AA was increased and correlated with the
disease severity (4). Additionally, recent epidemiological
studies suggest that patients with AA are at a higher risk
of developing diseases associated with systemic inflam-
mation, such as hyperlipidaemia, diabetes mellitus, and
metabolic syndrome, compared with control patients
(8, 9). Consequently, it is reasonable to speculate that
timely initiation of systemic and targeted therapy may be
necessary for AA patients with an underlying systemic
inflammatory response. However, there is currently a
lack of research on inflammatory biomarkers of AA. As
such, the search for a convenient, inexpensive, and rapid
evaluation indicator to evaluate the level of systemic
inflammation in patients with AA is an urgent task in
clinical practice.

In the past decade, complete blood collection-based
systemic inflammation biomarkers have been widely
used, which are deemed to be critical indicators of syste-
mic inflammation and are directly associated with disease
severity and outcome measures in patients affected by
inflammatory conditions (10—12). Complete blood col-
lection-based systemic inflammation biomarkers include
neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte
ratio (PLR), systemic immune inflammation index (SII),
white blood cell to lymphocyte ratio (WLR), etc., invol-
ving multiple cell lines, thus reflecting different pathways
of immune inflammation response. Importantly, these
indicators are easily obtainable during clinical practice
and cause minimal harm to patients, which makes them
a crucial factor to consider. However, there are only a
few studies investigating blood-based systemic inflam-
mation biomarkers in patients with AA, and such studies
were limited by small sample sizes and selected study
populations (13, 14).

This study focuses on the evaluation of haematological
markers of inflammation derived from complete blood
collection in AA.

METHODS

Study design and participants

This study retrospectively investigated clinical and laboratory
data of 302 patients with AA who had visited the Department of
Dermatology, Xiangya Hospital, Central South University from
February 2021 to October 2023. All patients were diagnosed based
on clinical manifestation or dermoscopy findings of AA. Patients
were excluded if they had received any systemic treatment within
3 months before receiving complete blood collection. Patients with
severe kidney and liver disease, metastatic tumours, autoimmune
disease, infectious diseases, or those who had recently had surgery
were also excluded. Moreover, a sex—age-matched healthy control
group was included at the same time, who came from the physical
examination centre of the same hospital. All included controls had
no previously known cardiovascular, metabolic, inflammatory, or
neoplastic diseases. Due to the retrospective nature of the study
and the use of anonymized data, the local Institutional Review
Board approved the study with a waiver of documented informed
consent (approval number: 202312242).
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Data collection

Demographic, clinical, and laboratory data were obtained from
electronic medical records. The severity of AA was routinely as-
sessed by the validated Severity of Alopecia Tool (SALT) score.
The following parameters were extracted: white blood cell count
(WBC), absolute neutrophil count (N), absolute lymphocyte count
(L), and platelet count (P). To maximize clinical utility, we selected
4 indicators as they are easy to calculate in clinical practice and
most widely used in various research. SII was calculated by the
formula: N x P/L. By using the absolute blood count values, we
also calculated the NLR, PLR, and WLR.

Statistical analysis

Continuous variables were expressed as mean and standard de-
viation (SD) or median and interquartile range (IQR) according
to data distribution, while categorical variables were presented
as percentages. For comparisons, Student’s s-test or the Mann—
Whitney U test was performed, depending on the normality of the
data distribution. The y? test was used for categorical variables.
Trend analysis of binary logistic regression was utilized to model
the relationship between inflammatory markers and severe AA
(defined as SALT score >50). Biomarkers (NLR, PLR, SII, and
WLR) were categorized into quartiles, with the lowest quartile as
the reference group, then the median of each group was introduced
into the logistic regression model as a continuous variable. The
confounding factors of age, gender, and BMI were adjusted in
Model 2. 95% confidence interval (CI) and p for the trend were
calculated for the odds ratio (OR) for severe AA. If the p for
trend <0.05, it indicates the presence of a linear trend between
the variables. Restricted cubic spline analysis adjusted for sex,
age, and BMI was used to further explore the potential nonlinear
relationship between inflammatory biomarkers and the risk of
severe AA with 3 knots at the 10th, 60th, and 90th percentiles.
Differences were considered statistically significant at p<0.05, and
all p-values were based on 2-sided tests. The SPSS (version IBM
SPSS Statistics 26.0; IBM Corp, Armonk, NY, USA) software and
R (version 4.3.2; R Foundation for Statistical Computing, Vienna,
Austria) were used for statistical calculations.

RESULTS

Demographic and clinical characteristics

A total of 598 patients were included in this study, inclu-
ding 302 patients with AA and 296 healthy controls. The
median age of the AA patients was 28.5 (IQR 18.0—40.0),
and the ratio of males to females was 1:1.32. There was
no statistical difference in gender and age between the
AA group and the control group (Table I).

The median disease duration of patients with AA is
16 months, and moderate to severe AA patients (S3—
S5) account for 39.07% of cases. Patchy hair loss is
the predominant type (84.77%). Among all patients,

Table I. Gender and age characteristics of study subjects

Alopecia areata Control group

Factor group (n=302) (n=296) p-value
Sex 0.830
Male, n (%) 130 (43.05) 130 (43.91)

Female, n (%) 172 (56.95) 166 (56.08)

Age, median (IQR)  28.5 (18.0-40.0)

IQR: interquartile range.

27.0 (20.0-40.0)  0.770
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Table II. Clinical characteristics of patients with alopecia areata

Alopecia areata patients

Factor (n=302)
BMI, kg/m?, mean+SD 22.33+7.39
Duration of disease, months, median (IQR) 16 (4-48)
SALT score, median (IQR) 40 (15-76)
SALT grade, n (%)

S1 98 (32.45)
S2 86 (28.48)
S3 42 (13.91)
S4 38 (12.58)
S5 38 (12.58)
Subtype, n (%)

Alopecia totalis 5(1.66)
Alopecia universalis 33 (10.93)
Patch alopecia areata 264 (87.42)
Body hair involvement, n (%)

Eyebrows 114 (37.75)
Eyelashes 64 (21.19)
Nail involvement, n (%) 47 (15.56)
Family history, n (%) 33 (10.93)

SD: standard deviation; IQR: interquartile range; SALT: Severity of Alopecia Tool.

37.75% have eyebrow involvement, 21.19% have
eyelash involvement, 15.56% have nail involvement,
and approximately one-tenth of patients have a family
history of AA (Table II).

Comparison of inflammation markers between alopecia
areata patients and healthy control

As indicated in Table III, the median white blood cell
count and neutrophil count in patients with AA were
higher than those in healthy controls (»p<0.001). The
median lymphocyte count and platelet count in patients
with AA were not significantly different from those in
healthy controls. The median NLR, SII, and WLR inthe AA
group were significantly higher than those in the healthy
control group (p=0.004, 0.002 and 0.002, respectively).

Comparison of inflammatory markers between patients
with different severity of alopecia areata

To investigate the relationship between inflammatory
markers and the severity of AA, we categorized patients
with AA into a severe AA group (n=118) and mild and
moderate AA groups (n=184). It was found that the
median PLR and SII in severe AA group was higher than
that of the mild and moderate AA group (»p=0.005 and
0.011 respectively). There were no statistically significant

differences in absolute white blood cell count, platelet
count, neutrophil count, and lymphocyte count between
the 2 groups. In addition, compared with the mild to
moderate AA group, the age of patients with severe AA
was younger, and the proportion of women was larger
(54.24%) (Table 1V).

Associations of inflammation markers with the risk of
severe alopecia areata

The impact of PLR, SII, NLR, and WLR indicators on
the risk of severe AA is presented in Table V. Model 1
represents the crude model without adjusting for con-
founding factors, while Model 2 represents the model
adjusted for age, gender, and BMI. After adjusting for
confounders of sex, age, and BMI, the risk of severe AA
in the highest quartile of PLR, SII, NLR, and WLR was
2.77 times (95% CI 1.40-5.49) and 2.58 times (95% CI
1.31-5.10), 2.90 times (95% CI 1.40-6.03) and 2.87
(95% CI 1.40-5.90) than that in the lowest quartile,
respectively. We performed a restricted cubic spline
analysis to understand the nonlinear relationship between
the indicators and the risk of severe AA adjusting for sex,
age and BMI, and the nonlinear p-values of each indica-
tor were all <0.05, indicating that there is no non-linear
relationships between PLR, SII, NLR, WLR levels and
the risk of severe AA (Fig. 1).Moreover, after adjustment
for age, gender, and BMI, the p for the trend suggested
a linear trend between PLR, SII, NLR, and WLR and
the risk of severe AA (p for trend <0.05). Therefore, the
risk of severe AA increased with the increase of PLR,
SII, NLR, and WLR.

DISCUSSION

To characterize the underlying systemic inflamma-
tory state in AA, we compared the difference in several
complete blood collection-based systemic inflammation
biomarkers between AA patients and healthy controls.
Our cross-sectional study indicated that AA patients had
higher NLR, SII, and WLR compared with the healthy
control group. Interestingly, we discovered positive
correlations between inflammatory indicators and the
disease severity measures in the expected direction,
with increasing PLR, SII, NLR, and WLR linked with

Table III. Comparison of systemic inflammation markers between alopecia areata group and control group

Factor Alopecia areata group (n=302) Control group (n=296) p-value
WBC, 10%/L, median (IQR) 6.50 (5.50-7.83) 6.00 (5.10-7.10) <0.001
Platelet count, 10%/L, median (IQR) 249.00 (217.75-299.00) 247.50 (212.00-293.00) 0.333
Neutrophil count, 109/L, median (IQR) 3.55 (2.80-4.53) 3.20 (2.60-4.00) <0.001
Lymphocyte count, 109/L, median (IQR) 2.10 (1.80-2.70) 2.10 (1.70-2.60) 0.478
NLR, median (IQR) 1.65 (1.22-2.25) 1.50 (1.20-1.88) 0.004
PLR, median (IQR) 115.99 (95.70-141.84) 116.98 (93.01-147.80) 0.815
SII, median (IQR) 416.54 (305.30-575.63) 369.06 (280.46-494.36) 0.002
WLR, median (IQR) 3.00 (2.46-3.59) 2.77 (2.47-3.20) 0.002

WBC: white blood cell count; IQR: interquartile range; NLR: neutrophil to lymphocyte ratio; PLR: platelet to lymphocyte ratio; SII: systemic immune inflammatory

response index; WLR: white blood cell to lymphocyte ratio.
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Table IV. Comparison of systemic inflammation markers between the severe alopecia areata (AA) group and mild and moderate AA group

Factor Mild and moderate AA group (n=184) Severe AA group (n=118) p-value
Sex 0.028
Male, n (%) 108 (58.70) 54 (45.76)

Female, n (%) 76 (41.30) 64 (54.24)

Age, median (IQR) 31 (19-41) 25 (16-38) 0.009
Body mass index, kg/mz, mean+SD 22.62+8.98 21.88+3.77 0.399
SALT score, median (IQR) 20 (10,35) 85 (65,100) <0.001
White blood cell count, 10%/L, median (IQR) 6.45 (5.50-7.80) 6.50 (5.70-7.93) 0.449
Platelet count, 10%/L, median (IQR) 249.00 (214.00-291.50) 249.50 (222.00-319.50) 0.125
Neutrophil count, 10%/L, median (IQR) 3.50 (2.70-4.45) 3.60 (3.00-4.80) 0.170
Lymphocyte count, 10%/L, median (IQR) 2.10 (1.80-2.80) 2.10 (1.70-2.60) 0.391
Neutrophil to lymphocyte ratio, median (IQR) 1.62 (1.16-2.16) 1.73 (1.33-2.38) 0.071
Platelet to lymphocyte ratio, median (IQR) 114.36 (93.70-132.84) 123.55 (100.00-157.04) 0.005
Systemic immune inflammatory response index, median (IQR) 398.98 (294.53-548.33) 433.19 (321.34-681.93) 0.011
White blood cell to lymphocyte ratio, median (IQR) 2.96 (2.41-3.55) 3.04 (2.69-3.79) 0.079

IQR: interquartile range.

increased risk of severe AA. These systemic inflamma-
tion biomarkers are risk factors for severe AA, suggesting
a close association between systemic inflammation and
disease occurrence in patients with AA. Our research
fills important knowledge gaps in the literature and
provides a reference for subsequent clinical applications
and related research.

Different from previous studies (13, 14), our study
found significant differences in the complete blood
collection between the AA population and the control
group. Several factors may explain this discrepancy.
First, compared with our study all other studies had small
sample sizes (range: n=105-135), which could yield
false-negative outcomes. Also, the included population
was heterogeneous in terms of severity: our study inclu-

Table V. Odds ratios with 95% CI for the risk of severe alopecia areata
according to quartiles of systemic inflammation markers

Model 1* Model| 2**

Factor OR (95%(CI) value OR (95%CI) value

PLR
Q1 (<95.70) Reference Reference
Q2 (95.70-115.99) 1.25(0.63-2.49) 0.520 1.16 (0.58-2.33) 0.680
Q3 (115.99-141.84) 1.66 (0.85-3.26) 0.142 1.66 (0.84-3.29) 0.147
Q4 (>141.84) 2.61 (1.33-5.11) 0.005 2.77 (1.40-5.49) 0.004
P for trend 0.003 0.001

SII
Q1 (<305.30) Reference Reference
Q2 (305.30-416.54) 1.40 (0.71-2.74) 0.333 1.36 (0.69-2.69) 0.379
Q3 (416.54-575.63) 1.25(0.63-2.46) 0.526 1.33 (0.67-2.66) 0.421
Q4 (>575.63) 2.45(1.26-4.78) 0.009 2.58 (1.31-5.10) 0.006
P for trend 0.009 0.006

NLR
Q1 (<1.22) Reference Reference
Q2 (1.22-1.65) 2.31(1.17-4.57) 0.015 2.67 (1.32-5.40) 0.006
Q3 (1.65-2.25) 1.67 (0.84-3.33) 0.148 2.07 (1.01-4.27) 0.048
Q4 (>2.25) 2.17 (1.09-4.32) 0.027 2.90 (1.40-6.03) 0.004
P for trend 0.100 0.022

WLR
Q1 (<2.46) Reference Reference
Q2 (2.46-3.00) 2.25(1.16-4.39) 0.017 2.61 (1.30-5.21) 0.007
Q3 (3.00-3.59) 1.51 (0.75-3.04) 0.244 1.83(0.89-3.76) 0.103
Q4 (>3.59) 2.17 (1.10-4.28) 0.025 2.87 (1.40-5.90) 0.004
P for trend 0.090 0.021

IQR: interquartile range; OR: odds ratio; CI: confidence intervals; NLR: neutrophil
to lymphocyte ratio; PLR: platelet to lymphocyte ratio; SII: systemic immune
inflammatory response index; WLR: white blood cell to lymphocyte ratio.

*Model 1 isthe unadjusted model. **Model 2 adjusted for age, sex, and BMI values.
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ded patients with varying degrees of severity of alopecia
areata, while the previous cohort studies included a
sizeable number of mild AA patients (87/105), whose
systemic inflammatory response may not differ much
from that of the healthy population (14), and another
study did not report any measure of disease severity
of the included participants (13). In addition, the con-
flicting results may be attributed partially to ethnic and
racial factors. Although it may not be feasible to directly
compare our results with those of Islamoglu et al. (14)
and Dere et al. (13), it appears that the healthy controls
included in our study exhibited relatively lower levels
of inflammation than AA patients.

Neutrophils and lymphocytes are the main cell types
mediating inflammation and immune response, which
may help understand systemic inflammatory responses
by measuring their total count. Although CD8+ T lymp-
hocytes play a key role in the pathogenesis of AA (15),
the deficiency of regulatory T cells is also an important
contributing factor to the recovery and maintenance of
AA, which may be the reason why lymphocytes actively
participate in the pathogenesis of AA but the overall
number is not significantly different from that of healthy
controls (16, 17). Consistent with previous studies (14),
we found increased numbers of neutrophils in patients
with AA, supporting the view that innate immunity,
represented by neutrophils, may be involved in the
pathogenesis of AA. Recent studies have revealed that
neutrophils, which also play roles in chronic inflamma-
tory conditions and adaptive immune responses, are more
pleiotropic than previously thought (18, 19). However,
the exact mechanism by which neutrophils are elevated
in AA patients is unclear in this study. More research is
needed to further explore the role of neutrophils in the
pathophysiology of AA.

Previous studies have clearly shown that systemic in-
flammatory scores, including NLR, PLR, WLR, and SII,
reflect the activity of various inflammatory diseases and
are considered to be independent prognostic indicators
(20-23). For the first time, our findings indicate that the
levels of NLR, SII, and WLR in patients with AA are
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Fig. 1. Restricted cubic spline plots. Relationship between platelet to lymphocyte ratio (PLR) and risk of severe alopecia areata (AA); relationship
between systemic immune inflammatory response index (SII) and risk of severe AA; relationship between neutrophil to lymphocyte ratio (NLR) and risk
of severe AA; relationship between white blood cell to lymphocyte ratio (WLR) and risk of severe AA. Adjusted by age, sex, and body mass index values.

elevated, suggesting the possibility of sub-clinical syste-
mic inflammation, especially in severe cases. In addition,
for patients with elevated inflammatory markers, a novel
treatment paradigm is needed that focuses on reducing
systemic inflammation.

This study has several limitations that should be
considered for the interpretation of the findings. First,
though we made every effort to adjust for potential
confounding in our analyses, data were unavailable to
allow further adjustment for several risk factors of AA,
including the duration of the current episode of alopecia
and pull-test results reflecting disease activity. Second,
the cross-sectional study design prevents us from esta-
blishing a cause-and-effect relationship. Third, although
our dataset is based on an objective record of an electro-
nic medical record system, there was the possibility of
selection bias. Fourth, the traditional unspecific inflam-
matory parameters such as C-reactive protein, IL-6, and
erythrocyte sedimentation rate were not included in the
analysis. Finally, given the fact that patients with mild
AA usually do not need to have a complete blood col-
lection performed, selection bias is inevitable. This may
represent a selection bias of patients with more severe
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disease, with an expected higher level of inflammation.
Further prospective multicentre studies are needed to
validate these results.

In conclusion, our results suggest that complete blood
collection-based systemic inflammation biomarkers are
associated with the development and severity of AA.
These biomarkers offer clinically significant information
and have the potential to serve as an early and easily
accessible prognostic marker for AA patients. Further
studies, particularly longitudinal assessments of pre- and
post-treatment changes, are needed to confirm our fin-
dings and emphasize the potential of utilizing laboratory
parameters for AA management.
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