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Abstract

Background and aims Post-stroke depression (PSD), as one of the common complications after stroke, seri-

ously affects the physical and mental health and functional prognosis of patients. Previous studies have shown

that the increase of inflammatory mediators is associated with the occurrence of PSD. Lipocalin 2 (LCN2), as an acute
phase protein, is involved in the development of acute ischemic stroke (AIS), and its expression is up-regulated

in patients with depression, suggesting that there is a potential correlation between serum LCN2 and depression. The
aim of this study was to explore the relationship between serum LCN2 at admission and PSD at discharge.

Methods A total of 358 AIS patients were retrospectively included. All patients had fasting venous blood taken
within 24 h of admission to detect serum LCN2. The patients were evaluated by 17-item Hamilton Depression Scale
(HAMD) before discharge. Patients with HAMD score > 7 were diagnosed with PSD. The correlation between serum
LCN2 and PSD was tested using binary logistic regression analysis.

Results In our study, 92 (25.7%) patients were diagnosed with PSD at discharge. According to the serum LCN2 value,
the patients were divided into three layers (Tertile1 < 105.24ng/ml; Tertile2: 105.24-140.12ng/ml; Tertile3 > 140.12ng/
ml), with T1 layer (the lowest levels) as a reference, after adjusting for multiple potential confounding factors, T3 layer
(the highest levels) was independently associated with the occurrence of PSD (odds ratio [OR]=2.639, 95% confi-
dence interval [Cl]: 1.317-5.287, P=0.006). Similar results were found when the serum LCN2 was analyzed as a con-
tinuous variable. The optimal cut-off value of serum LCN2 at admission to predict PSD at discharge was 117.60ng/m|,
at this threshold, the sensitivity was 77.2%, and the specificity was 53.4%.

Conclusions High serum LCN2 levels at admission are an independent risk factor for PSD in patients with AIS
at discharge.
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Introduction

Acute ischemic stroke (AIS) accounts for 60-80% of all
strokes, and its incidence has increased significantly [1].
It is characterized by high disability, high mortality, high
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Studies have reported that the occurrence of early PSD is
an independent risk factor for adverse outcomes 5 years
after stroke [3]. Stroke survivors with depression have
higher suicidal ideation and all-cause mortality [4, 5].
Therefore, early identification of PSD is particularly cru-
cial, and timely intervention can improve patients’ psy-
chiatric symptoms and clinical outcomes.

The pathogenesis of PSD is complex and involves a
combination of stroke and depression pathogenesis,
which has not been thoroughly elucidated. The existing
evidence supports that neurotransmitters, neuroinflam-
mation, neuroendocrine and neuroplastic mechanisms
play a role in the occurrence and development of PSD
[6]. After stroke, the up-regulated expression of inflam-
matory mediators is associated with poor function
and clinical prognosis [7]. There is increasing evidence
that inflammation is involved in the etiology of depres-
sion through inflammatory pathways and inflammatory
mediators. Numerous studies have explored the expres-
sion of inflammatory mediators in patients with PSD. The
increase of pro-inflammatory cytokines such as inter-
leukin (IL)-1f, IL-6, IL-18 and TNF-a is involved in the
inflammatory response of depression [8, 9].

Lipocalin 2 (LCN2), also known as neutrophil gelati-
nase-associated lipocalin (NGAL), is a pleiotropic media-
tor of various inflammatory processes. It was originally
isolated from neutrophils released from human infec-
tion and inflammatory sites [10]. In addition to being
produced by activated neutrophils, it is expressed in adi-
pocytes, endothelial cells, macrophages and renal tubu-
lar cells. LCN2 is involved in a variety of physiological
and pathological processes such as cell differentiation,
inflammation and immune response, apoptosis, sig-
nal transduction, glycolipid metabolism, tumor forma-
tion, invasion and metastasis [11]. LCN2 is thought to
be involved in the development of AIS and to play an
essential role in ischemia-reperfusion injury following
AIS [12]. Extensive studies have found that after ischemic
stroke, LCN2 is not only up-regulated in the central
nervous system (CNS), but also significantly increased
in serum [13]. As an inflammatory mediator, serum
LCN2 is considered a valuable biomarker for clinical out-
come in patients with AIS [14]. Peripheral inflammatory
injury not only increases the expression and production
of LCN2 in the cerebrovascular system, but also leads
to the release of this molecule into the CNS [15]. Addi-
tional evidence also supports that LCN2 can cross the
blood-brain barrier (BBB) [16]. Otherwise, serum LCN2
expression increased in patients with depression and was
associated with depression score [17, 18]. In the animal
experimental model, the serum LCN2 concentration of
PSD mice was significantly increased and the expression
of LCN2 mRNA in the hippocampus was significantly
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up-regulated at 1-3 weeks after surgery, compared to the
stroke control group [19]. This suggests that LCN2 may
be an essential etiological factor in PSD.

In summary, serum LCN2 is up-regulated after
ischemic stroke and LCN2 is strongly associated with
depression. Currently, there are no studies on the rela-
tionship between serum LCN2 and PSD in human sam-
ples. This study aims to explore the relationship between
serum LCN2 and PSD in patients with AIS and its clini-
cal application value.

Materials and methods

Study population

This study retrospectively included AIS patients hospital-
ized in the Department of Neurology, Affiliated Huai’an
Hospital of Xuzhou Medical University from January
2022 to February 2023.

Inclusion criteria: (a) diagnosed as AIS and confirmed
by computed tomography or magnetic resonance imag-
ing at admission; (b) The onset time was within 7 days;
(c) Between 18 and 80 years old; (d) Stroke was involved
for the first time; (e) Not receiving thrombolytic therapy
and endovascular treatment; (f) Complete clinical data.
Exclusion criteria: (a) Obvious cognitive impairment
before stroke or combined with CNS diseases such as
Parkinson ‘s disease; (b) Combined with severe dysarthria
or aphasia, can not cooperate to complete the relevant
scale assessment; (c) A history of mental illness including
depression before stroke; (d) Taking antidepressants and
other psychiatric drugs; (e) Renal insufficiency (estimated
glomerular filtration rate <60ml/min/ 1.73m?); (f) Severe
liver dysfunction, pulmonary dysfunction, acute and
chronic inflammatory diseases and other acute vascular
ischemic diseases including acute myocardial infarction;
(g) Previous autoimmune diseases, malignant tumors and
hematological diseases. Ultimately, a total of 358 partici-
pants met the study criteria and had their data analyzed,
of whom 92 were diagnosed with PSD at discharge and
266 were not. The incidence of PSD in this study was
25.7% (Fig. 1).

The study protocol was approved by the Ethics Com-
mittee of Affiliated Huai’an Hospital of Xuzhou Medical
University (Approval No. HEYLL202229 of Institutional
Review Committee). This research is based on the princi-
ples of the Helsinki Declaration. Patients included in the
study were informed of the study and signed informed
consent. For illiterate patients, we obtained the informed
consent of their legal guardian.

Collection of baseline data

The general data of patients were collected through the
hospital database. Including hospitalization days, demo-
graphic information [gender, age, education, marital
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649 patients with acute ischemic stroke

A

A 4

358 patients were included in our study

Excluded:

1.time from onset to admission was more than 7 days(n=27)
2.receive thrombolysis or mechanical thrombectomy (r=48)
3.dementia or depression before stroke(r=18)

4.severe aphasia or dysarthria(n=51)

S.infectious diseases or cancer(n=26)

6.kidney dysfunction(n=17)

7 history of stroke(n=29)

8.take psychotropic drugs(n=2)

9.incomplete data(n=73)

A 4

92 patients with post-stroke depression
266 patients without post-stroke depression

Fig. 1 Included and excluded patients

status and body mass index (BMI)], vascular risk factors
(hypertension, diabetes, coronary heart disease, hyper-
lipidemia, smoking and drinking), neuropsychological
assessment [National Institutes of Health Stroke Scale
(NIHSS) [20] at admission was used to record the degree
of neurological deficit, Barthel Index (BI) [21] and modi-
fied Rankin Scale (mRS) [22] were used to evaluate the
functional prognosis of patients at discharge, and 17-item
Hamilton Depression Scale (HAMD) [23] was used to
evaluate the mental health of patients before discharge
(day 7-14 after the onset of stroke)]. Stroke subtypes
classified according to the criteria of the Trial of Org
10,172 in Acute Stroke Treatment (TOAST) [24] were
also collected. In addition, we collected the volume of
cerebral infarction in the patients. The volume of cerebral
infarction (according to the Pullicino formula) [25] =the
longest diameter X the widest diameter X the number
of layers X (layer spacing+layer thickness) X 0.5 shown
on head computed tomography/magnetic resonance
imaging.

Psychological measurement

All patients were assessed with the 17-item Hamilton
Depression Scale (HAMD) [23] before discharge (day
7-14 after the onset of stroke). According to Structured
Clinical Interview for the Diagnostic and Statistical
Manual of Mental Disorders, 4th edition. Patients with
HAMD score >7 were diagnosed with PSD. Doctors who
assessed the scale were not aware of the clinical symp-
toms and laboratory data of the patients.

Laboratory data testing

Peripheral venous blood was collected from all patients
within 24 h of admission and fasting for more than 8 h for
detection, including serum LCN2, leucocyte, neutrophil,

lymphocyte, high-sensitivity C-reactive protein (hs-CRP)
and serum creatinine (Scr). Estimate glomerular filtration
rate (eGFR) was calculated according to serum creatinine
level, age and gender. The eGFR was calculated using a
Chinese population-adjusted formula [26], eGFR(ml/
min/1.73m?) = 175x[Scr(mg/dl)] }?3*x[age(years)]
0179 gender(male =1, female =0.79).

Detection of LCN2: After standing for 30 min, the eli-
gible blood sample was centrifuged at 3500 r/min for
15 min and the serum was separated to ensure that the
sample was free of haemolysis. LCN2 level was detected
by magnetic particle chemiluminescence immunoassay
(double antibody sandwich method). LCN2 reagent was
purchased from Beijing Hotgen Biotech Co.,Ltd.

Statistical analysis

For this study, all statistical analyses were performed
using SPSS version 25.0 (SPSS Inc., Chicago, IL,
USA). Normally distributed data are expressed as the
mean + standard deviation (SD), and group compari-
sons were performed by two independent-sample t
tests. Nonnormally distributed data are expressed as
the median and interquartile range. Group comparisons
were made with the Mann—Whitney U test. Count data
are expressed as the number and percentage (n,%), and
group comparisons were performed using the chi-square
test. The relationship between serum LCN2 and PSD
was tested by univariate and multivariate binary logistic
regression analysis. Correlation analyses were performed
using Pearson correlation or Spearman rank-order cor-
relation. A receiver-operating characteristic (ROC) curve
was used to estimate the optimal cut-off value of serum
LCN2 for predicting PSD in patients with AIS, and the
area under the curve (AUC), sensitivity and specificity of
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the ROC were evaluated. P<0.05 was considered statisti-
cally significant.

Results

Comparison of baseline data between PSD and Non-PSD
groups

In the baseline data of the two groups of patients shown
in Table 1, the PSD group was mainly female (62.0% vs.
41.0%, P=0.001) and had a lower years of education (3
(0, 6) vs. 5 (2, 6), P=0.020). We found significant differ-
ences in serum LCN2 (139.90 (118.80, 178.85) vs. 113.95
(87.99, 143.63), P<0.001) and eGFR (98.17 (81.32, 119.45)
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vs. 112.38 (89.03, 138.97), P=0.001) between the two
groups. Compared with non-PSD group, patients in PSD
group had more severe stroke symptoms, higher NIHSS
score at admission (3 (2, 5) vs. 2 (1, 4), P=0.008), higher
mRS score at discharge (1 (1, 3) vs. 1 (1, 2), P=0.006) and
lower BI score (85 (70, 90) vs. 90 (80, 100), P=0.010). In
addition, patients with PSD had higher cerebral infarct
volumes than those without PSD (2297.50 (993.10,
5289.86) vs. 1794.60 (760.80, 3645.08), P=0.029). There
was no significant difference in age, marital status, BMI,
hospitalization days, hypertension, diabetes, coronary
heart disease, hyperlipidemia, smoking, drinking, cause

Table 1 Comparison of baseline data between PSD group and Non-PSD group

Variables All patients PSD group Non-PSD group P value
(n=358) (n=92) (n=266)
Demographic data
Age, years 65 (59, 70) 66 (60, 71) 64 (59, 70) 0.169
Female (%) 166 (46.4) 57 (62.0) 109 (41.0) 0.001
Education, years 4(1,6) 3(0,6) 5(2,6) 0.020
Married (%) 348(97.2) 89 (96.7) 259 (97.4) 0.752
BMI, kg/m? 24.77 (23.22,26.87) 24.50 (23.08, 26.67) 24.87 (23.23,26.92) 0.789
Hospitalization days, days 1210, 14) 13 (10, 15) 12 (10, 14) 0.205
Vascular risk factors
Hypertension (%) 280 (78.2) 71(77.2) 209 (78.6) 0.780
Diabetes (%) 104 (29.1) 24 (26.1) 80 (30.1) 0.468
Coronary heart disease (%) 62 (17.3) 18 (19.6) 44 (16.5) 0.509
Hyperlipidemian (%) 111 (31.0) 27 (29.3) 84 (31.6) 0.690
Smoking (%) 106 (29.6) 25(27.2) 81(30.5) 0.553
Drinking (%) 66 (184) 16 (17.4) 50(18.8) 0.764
Stroke subtypes 0.592
LAA (%) 271(75.7) 73(79.3) 198 (74.4)
CE (%) 42 (11.7) 8(8.7) 34(12.8)
SAO (%) 33(9.2) 7(7.6) 26 (9.8)
ESUS (%) 12 (34) 4(4.3) 8(3.0)
Neuropsychological function
NIHSS on admission, score 25(1,4) 3(2,5) 2(1,4) 0.008
Bl score at discharge, score 90 (80, 95) 85 (70, 90) 90 (80, 100) 0.010
mRS score at discharge, score 1(1,2) 1(1,3) 1(1,2) 0.006
HAMD score, score 32,8 12(9,15) 2(1,4) <0.001
Laboratory data
Leucocyte, X1 0% /L 91 (5.67, 8.30) 6.90 (6.08, 8.41) 6.95 (5.53,8.30) 0.233
Neutrophil, x107 /L 4.72 (3.51,5.76) 4.82 (4.06, 5.66) 464 (3.32,5.78) 0.085
Lymphocyte, x10% /L 1.58 (1.23,2.03) 1.55(1.23,1.89) 1.59(1.22,2.14) 0.305
Hs-CRP, mg/L 2.57(1.05, 3.56) 268 (1.61,3. 95) 2.57(0.90, 3.49) 0.192
LCN2, ng/ml 121.91(93.13,155.20) 139.90(118.80, 178.85) 13.95 (87.99, 143.63) <0.001
eGFR, ml/min/1.73m? 107.82 (87.00, 133.97) 98.17 (81.32,11945) 112.38(89.03, 138.97) 0.001
Infarct volume, mm?3 1849.88 (822.79, 4125.00) 2297.50(993.10, 5289.86) 1794.60 (760.80, 3645.08) 0.029

Abbreviations: PSD post-stroke depression, Non-PSD Non-post-stroke depression, BMI body mass index, LAA Large artery atherosclerosis, CE Cardioembolism, SAO
small-artery occlusion, ESUS embolic stroke of undetermined source, NIHSS National Institutes of Health Stroke Scale, Bl Barthel Index, mRS modified Rankin Scale,
HAMD Hamilton Depression Scale, Hs-CRP High-sensitivity C-reactive protein, LCN2 Lipocalin 2, eGFR estimated glomerular filtration rate.
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of stroke, leucocyte, neutrophil, lymphocyte and high-
sensitivity C-reactive protein between the two groups
(P>0.05) (Table 1).

The relationship between serum LCN2 and PSD

We observed a significant difference in serum LCN2
between PSD and non-PSD patients. In order to further
explore the relationship between serum LCN2 and PSD,
we divided the patients into three groups according to
the serum LCN2 value (Tertilel LCN2<105.24ng/ml,
n=119; Tertile2 LCN2: 105.24-140.12ng/ml, n=120;
Tertile3 serum LCN2>140.12ng/ml, n=119). In Fig. 2,
the incidence of PSD increased with the increase of
serum LCN2 level (Tertilel 14.3%; Tertile2 25.0%; Ter-
tile3 37.8%). Chi-square test showed that there was a sig-
nificant difference in the proportion of PSD and non-PSD
patients (P<0.001).

Correlation analysis showed that serum LCN2 level
was positively correlated with HAMD score in the total
participants (r=0.290, P<0.001). This correlation was
mainly found in PSD participants (r=0.437, P<0.001),
but not in non-PSD participants (r=0.102, P=0.098).

In the multivariate regression analysis, as shown in
Table 2, with the occurrence of PSD as the dependent
variable and the T1 layer of serum LCN2 as a reference,
univariate logistic regression analysis showed that indi-
viduals in T2 layer (odds ratio [OR]=2.000, 95% con-
fidence interval [CI]: 1.035-3.866, P=0.039) and T3
layer (OR=3.649, 95% CI: 1.937-6.873, P<0.001) had a
higher risk of PSD. After adjusting for gender, education,
NIHSS score, Bl score, mRS score, eGFR and infarct vol-
ume, T3 layer was independently associated with the
occurrence of PSD (OR=2.639, 95% CI: 1.317-5.287,
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P=0.006), while T2 layer was not significantly associ-
ated with the occurrence of PSD (OR=1.646, 95% CI:
0.817-3.317, P=0.163) (Table 2). As shown in Fig. 3
forest plot, when serum LCN2 was used as a continu-
ous variable, serum LCN2 was still associated with PSD
in logistic regression analysis, and this correlation was
still significant even after confounding factors were con-
trolled (unadjusted: OR=1.017, 95% CI: 1.011-1.023,
P<0.001; after adjustment: OR=1.014, 95% CI: 1.007—
1.021, P<0.001) (Fig. 3). In addition, Fig. 3 also showed
that female (OR=1.973, 95% CI: 1.116-3.488, P=0.019)
was also independently associated with an increased risk
of PSD (Fig. 3).

According to the ROC curve (Fig. 4), the optimal
cut-oftf value of serum LCN2 for predicting PSD was
117.60ng/ml, and the Youden index was 0.3055. The cor-
responding sensitivity was 77.2%, specificity was 53.4%,
and AUC was 0.682 (95% CI: 0.618—-0.747).

Correlation analysis between serum LCN2 and NIHSS score,
cerebral infarction volume

In Spearman correlation analysis, serum LCN2 was
not significantly correlated with NIHSS score (P>0.05)
(Fig. 5A), while serum LCN2 was positively correlated
with cerebral infarction volume (r=0.161, P=0.002)
(Fig. 5B).

Discussion

The incidence of PSD at discharge was 25.7% in our study,
and baseline serum LCN2 levels were significantly higher
in PSD patients than in non-PSD patients. Further mul-
tivariate logistic regression analysis showed that com-
pared with lower serum LCN2, even after adjusting for

PSD
<105.24 - = Non-PSD
>
(&)
-
g 105.24-140.12
=
[
n r
>140.12 /
1 1 1 1 1 1
0 20 40 60 80 100 120

Percentage of patients with PSD (%)

Fig. 2 Relationship between serum LCN2 and PSD incidence. Abbreviations: PSD post-stroke depression, Non-PSD Non-post-stroke depression,

LCN2 Lipocalin 2
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Variables OR(95%CIl) P
Female = - 1.973 (1.116 - 3.488)  0.019
Education < I—I~—l 0.946 (0.864 - 1.035)  0.225
Serum LCN2 - :- 1.014 (1.007 - 1.021) <0.001
NIHSS '—-—- 1.087 (0.977 - 1.209) 0.125
Bl - — 1.005 (0.982 - 1.027)  0.687
mRS - .—_.—- 1.074 (0.774 - 1.490)  0.670
eGFR - - 0.996 (0.987 - 1.005)  0.350
Infarct volume = -m 1.025 (0.959 - 1.095)  0.464

; I 1 1

0 1 2 3 4

OR

Fig. 3 Forest plot of odds ratios for PSD. Abbreviations: PSD post-stroke depression, LCN2 Lipocalin 2, NIHSS National Institutes of Health Stroke
Scale, Bl Barthel Index, mRS modified Rankin Scale, eGFR estimated glomerular filtration rate. In this step, the unit of infarct volume is cm?

1.0 Table 2 Multivariate adjusted odds ratios for the association
between serum LCN2 and PSD
Tertiles OR 95%Cl P value
. Unadjusted Tertile1 reference
> Tertile2 2.000 1.035-3.866 0.039
E 0 6 . Tertile3 3.649 1.937-6.873 <0.001
] ) Model 1 Tertile1 reference
0 Tertile2 1.796 0.903-3.574 0.095
< Tertile3 2932 1489-5773 0002
o 0.4- ' B '
(7)) Model 2 Tertile1 reference
AUC: 0.682 Tertile2 1646 0.817-3317 0.163
- Tertile3 2639 1317-5287 0.006
0.2 " 95%Cl: 0.618-0.747
Model 1: adjusted for gender, education, NIHSS score, Bl score, mRS score and
P infarct volume
0 0 Model 2: adjusted for covariates from model 1 and further adjusted for eGFR
. 1 |

1 1 |

00 02 04 06 0.8 1.0
ies - Individuals in T3 layer had a 2.639 times higher probabil-
1- SpeCIflClty ity of PSD at dischade than those in T1 layegr (OR=2.639,
Fig.4 ROC curve of serum LCN2 level and PSD 95% CI: 1.317-5.287, P=0.006). According to the ROC
curve, the optimal cut-off value of serum LCN2 at admis-
sion to predict PSD at discharge was 117.60ng/ml, with
confounding factors such as gender, education, NIHSS ~ a sensitivity of 77.2% and a specificity of 53.4%. Previous
score, BI score, mRS score, eGER and infarct volume, Studies have shown that women are independent risk
higher serum LCN2 at admission was still independently ~ factors for PSD [27], including in other types of depres-
associated with the occurrence of PSD at discharge. ~sion, women tend to be more susceptible to depression,



Liu et al. BMC Neurology (2023) 23:294
A 25
r=0.055
20 ] P=0.302

 15- . . o
1] .
z - . .
Z 10+

5-

0 = fTiommmemi IR L.

0 50 100 150 200 250

Serum LCN2

Page 7 of 10

B 40000+ o1l
=0.
. P=0.002
(] -
g 30000
32 .
[}
2 20000+ L
o . .
8 .. . .
£

Serum LCN2

Fig. 5 Correlation analysis between serum LCN2 and NIHSS score, cerebral infarction volume. Abbreviations: LCN2 Lipocalin 2, NIHSS National

Institutes of Health Stroke Scale

which is consistent with our findings (OR=1.973, 95%
CI: 1.116-3.488, P=0.019).

It is reported that depression has become the main
cause of disability [28]. Stroke patients are usually asso-
ciated with depression, which commonly leads to dete-
rioration of the patients’ condition and slow recovery [2].
Therefore, it is necessary to explore the pathogenesis of
PSD and PSD-related body fluid markers. As a heteroge-
neous disease, the pathogenesis of PSD is complex and
involves brain injury and psychological stress caused by
various pathologies. A single pathophysiological mecha-
nism is not sufficient for a complete explanation. Some
processes that may lead to PSD mainly include decreased
monoamine levels, abnormal neurotrophic response
to stroke, increased inflammation and hypothalamic-
pituitary-adrenal axis disorders and glutamate-mediated
excitatory toxicity [29]. Extensive studies have shown
that neuroinflammation caused by stroke may play an
essential role in the development of PSD (30, 31].

As a member of the lipid carrier protein family, LCN2
has various functions such as inflammatory response,
insulin sensitivity, cell differentiation and cell migration
[32]. LCN2 in the peripheral circulation can be used as
a biomarker for numerous diseases, such as metabolic
syndrome, acute kidney injury, cardiovascular disease or
various brain diseases [33]. When stroke occurs, reactive
astrocytes, activated microglia, neurons, choroid plexus
and endothelial cells synthesize and secrete LCN2 in
response to inflammation or damage to the brain [34]. It
is reported that elevated levels of LCN2 in human plasma
1-3 days after ischaemic stroke [35, 36], and plasma
LCN?2 still has a high expression level in the subacute
phase [37]. Significantly elevated LCN2 in cerebrospinal
fluid (CSF) or peripheral blood is associated with poor
functional prognosis after stroke [14]. Previous studies
have suggested that plasma LCN2 is involved in the early
inflammatory events of mild cognitive impairment (MCI)
and Alzheimer ‘s disease (AD). Elevated plasma LCN2

levels may reflect CNS inflammation in patients with
MCI and AD [38]. Olson B et al. [39] observed that under
the condition of ensuring the integrity of BBB, LCN2
in CSF changed the same after the increase of LCN2 in
peripheral blood, which means that LCN2 can easily
cross BBB. Based on the above research, we believe that
serum LCN2 can reflect the neuroinflammatory state of
patients to a certain extent.

LCN2 has been shown to be associated with multiple
biological behavioral activities such as pain hypersensi-
tivity, cognitive function, emotion, depression and anxi-
ety [34]. Naudé PJ et al. [40] observed that the plasma
LCN2 level in patients with depression was significantly
higher than that in the non-depression control group.
Compared with patients with the first episode, the
plasma LCN?2 level in patients with recurrent depression
was higher. LCN2 is considered to be a potential diag-
nostic biomarker for depression. Another study by the
team showed that depression in patients with chronic
heart failure was associated with elevated plasma LCN2,
but not with the clinical severity of the underlying dis-
ease [18]. The relationship between LCN2 and depres-
sion should not be ignored. Therefore, our study explored
the association between serum LCN2 at admission and
PSD at discharge for the first time in human samples. The
results suggest that patients with depression have higher
serum LCN2 levels. After adjusting for multiple con-
founding factors, high baseline serum LCN2 is an inde-
pendent risk factor for PSD at discharge, and it showed
significant diagnostic accuracy in distinguishing PSD
patients from patients without depression.

Serum LCN2 is often widely used as an indicator of
renal injury [41]. Our data suggest that elevated serum
LCN2 is associated with lower eGFR. Baseline data
showed that PSD patients had lower eGFR levels than
non-PSD patients. When multivariate binary logistic
regression analysis was included, the correlation between
renal function and PSD was not significant (OR=0.996,
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95% CI: 0.987-1.005, P=0.350). After stroke, an increase
in serum LCN2 is not only caused by kidney injury, but
may also originate in the CNS. Based on the current data,
we cannot attribute the association between high serum
LCN2 levels and PSD to impaired renal function. Naudé
PJ et al. [18] also believed that elevated serum LCN2 lev-
els in depressed patients with chronic heart failure may
reflect inflammation associated with depressive symp-
toms, but not with the presence of renal dysfunction.

The exact biological mechanism behind the observed
correlation between serum LCN2 and PSD remains
unclear. Relevant basic studies have shown that after
ischemic stroke, elevated LCN2 activates various inflam-
matory pathways in glial cells, leading to glial cell prolif-
eration, cytokine production and enhanced inflammatory
response, so that neuroinflammation persists [34]. The
abnormal increase of LCN2 not only directly destroys the
BBB, but also forms a complex with matrix metallopepti-
dase-9 (MMP-9), which prolongs the activity of MMP-9
and participates in the destruction of the BBB [37].
Moreover, peripheral neurotoxic substances that pass
through the damaged BBB also exacerbate neuroinflam-
mation. The application of LCN2 specific monoclonal
antibody in the time window can significantly reduce the
levels of LCN2 mRNA and protein and pro-inflammatory
mediators, reduce neurological deficits, cerebral infarc-
tion, edema, BBB leakage and neutrophil infiltration, and
improve the functional prognosis of stroke [42]. Mucha
M et al. [43] suggested that LCN2 is an important regu-
lator of stress-induced dendritic spine density and mor-
phological changes in the hippocampus. Increased brain
LCN2 levels may result in decreased hippocampal syn-
aptic spine density. Wei L et al. [19] observed that hip-
pocampal microglia were activated during PSD in PSD
mouse model. LCN2 may regulate the activation of hip-
pocampal microglia via the P38 MAPK pathway and be
involved in the development of PSD. The findings of this
study also found that patients with higher serum LCN2
levels had more severe depressive symptoms. Combined
with the above studies, this suggests that LCN2 plays a
crucial role in the process of PSD and that LCN2 can be
used as a promising biomarker for PSD.

Our data showed a positive correlation between serum
LCN2 and cerebral infarct volume (r=0.161, P=0.002).
Unfortunately, we did not find a correlation between
serum LCN2 and NIHSS score, which may be related
to the fact that we excluded some patients with severe
symptoms who were not able to cooperate with the scale
assessment. In addition, we analyzed the differences
in the expression of serum LCN2 levels between stroke
subtypes, and patients in the large artery atherosclerosis
group had significantly higher serum LCN2 levels than
those in the small-artery occlusion group (see Additional
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file 1). Previous studies have shown a positive associa-
tion between circulating LCN2 and carotid intima-media
thickness and subclinical atherosclerosis in type 2 dia-
betes, suggesting a potential role of LCN2 as a member
of the lipoprotein family in atherosclerosis pathogenesis
[44]. This difference may be related to the severity of ath-
erosclerosis. LCN2 is considered to be an inflammatory
factor associated with aging and is associated with sev-
eral CNS diseases [45]. Our data support a positive cor-
relation of serum LCN2 with age even after the onset of
AIS (r=0.135, P=0.010), but serum LCN2 did not differ
significantly between genders (see Additional file 1).

Nevertheless, this study has several limitations. Firstly,
due to our strict inclusion and exclusion criteria, we
excluded patients with severe aphasia, dysarthria and
renal insufficiency, which may lead to selection bias and
underestimate the incidence of PSD. Secondly, we only
measured serum LCN2 once within 24 h of admission
and were not able to assess the relationship between
dynamic changes in serum LCN2 and PSD. In addition,
we only assessed depressive symptoms at discharge,
while future studies could assess depressive symptoms
and conduct longitudinal studies during long-term fol-
low-up after stroke. Thirdly, we did not test the level of
LCN2 in CSE. Simultaneous detection of CSF and serum
LCN?2 levels in patients will provide more insights for
future research. Finally, we do not have detailed data on
pre-stroke serum LCN2 and cannot establish causality
based on observational data.

Conclusions

In conclusion, high serum LCN2 levels at admission were
independently associated with the occurrence of PSD in
patients with AIS at discharge, which could provide a ref-
erence for the identification of early PSD in patients with
AIS. Our findings should be considered preliminary, and
further studies are needed to verify this association.
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