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Hospital of Huainan), Huainan, China

Objectives: Inflammation vitally impacts the progression of depression resulting
from intracerebral hemorrhage (ICH), while red blood cell distribution width (RDW)
marks inflammatory-related diseases. The present study aimed at evaluating how
RDW affects depression after ICH.

Methods: From prospective analyses of patients admitted to our department
between January 2017 and September 2022, ICH patients with complete medical
records were evaluated. The 17-item Hamilton Depression (HAMD-17) scale was
used for measuring the depressive symptoms at 3 months after ICH. Diagnosis
of post-ICH depression was conducted for patients based on the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-V) criteria.

Results: A total of 438 patients were enrolled in the study, out of which 93 (21.23%)
patients had PSD at the 3-month follow-up. Accordingly, patients with depression
had higher RDW levels (13.70 [IQR: 13.56-13.89] vs.13.45 [IQR: 12.64-13.75], p
< 0.001) at admission compared with those without depression. In multivariate
analyses, RDW was used for independently predicting the depression after ICH
at 3 months (OR: 2.832 [95% ClI: 1.748-4.587], p < 0.001). After adjusting the
underlying confounding factors, the odds ratio (OR) of depression after ICH was
4.225 (95% Cl: 1.686-10.586, p = 0.002) for the highest tertile of RDW relative to
the lowest tertile. With an AUC of 0.703 (95% CI: 0.649-0.757), RDW demonstrated
a significantly better discriminatory ability relative to CRP and WBC. RDW as an
indicator for predicting depression after ICH had an optimal cutoff value of 13.68,
and the sensitivity and specificity were 63.4% and 64.6%, respectively.

Conclusions: Elevated RDW level predicted post-ICH depression at 3 months,
confirming RDW as an effective inflammatory marker for predicting depression
after ICH.
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1. Introduction

Intracerebral hemorrhage (ICH) is an extremely dangerous
type of stroke, which takes up nearly 10%—30% of all illnesses
and deaths related to stroke (1). The prevalence of stroke in most
provinces in China has increased from 2.28% to 2.52% in the past
7 years (2013-2019) (2). Poststroke depression (PSD) is one of the
most frequent psychosomatic disorders after stroke (such as ICH)
and can lead to lower quality of life, lower cognitive function, weak
functional outcomes, and elevated mortality (3-5). Accumulating
studies have revealed that approximately 20% of ICH survivors
presented signs of depression (6, 7). Therefore, it is still necessary
to further explore factors that predict the early diagnosis of PSD as
well as the potential pathophysiological mechanisms of PSD (8).

Currently, PSD is associated with biological factors from
many perspectives, namely, the inflammatory response,
oxidative stress, nitrosative stress pathways, neurotransmitter
systems, neurotrophin, and neurogenesis regulation, as well
as hypothalamic-pituitary-adrenal axis modulation (9, 10).
According to extensive reports, high levels of pro-inflammatory
and inflammatory markers impacted the inflammatory response
to depression, namely, interleukin-1(IL-1), IL-18, IL-6, tumor
necrosis factor-o (TNF-a), IFN-y, and C-reactive protein (CRP)
(11-13). Consequently, animal experiments have also confirmed
the association of inflammation with the development of PSD (14).
In addition, increased systemic immune-inflammation index (SII),
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte
ratio (PLR), and derived neutrophil-to-lymphocyte ratio (ANLR),
especially the SIT at admission, were considerably related to PSD
and may assist in the early detection of PSD from a prognostic
aspect (15). Inflammation has also been indicated recently to
facilitate the depression development after ICH by the toll-like
receptors (TLRs) signal pathway, nuclear factor kappa-B (NF-kB)
mediated signal pathway,
receptor (PPAR)-y-dependent signal pathway, etc. (16).

Red blood cell distribution width (RDW) constitutes the

complete blood count as well as serves as an accessible marker

peroxisome proliferator-activated

of disease related to inflammation. It represents the coefficient
of variation of circulating erythrocyte size or erythrocyte volume
distribution and may represent the states of chronic systemic
inflammation, malnutrition, and microcirculatory disorders (17).
Numerous clinical studies have investigated how RDW affects
the prognosis of some vascular diseases, namely, in ICH,
hemorrhagic transformation for patients with acute ischemic stroke
who had received intravenous thrombolysis therapy, acute non-
traumatic subarachnoid hemorrhage, acute myocardial infarction,
symptomatic chronic heart failure, and ischemic stroke (18-22).
Post-ICH depression presented a relationship with the
worsening disability in the late stages, which was irrelevant to the
initial bleeding severity (7). Additionally, higher-level RDW could
independently predict the occurrence of depression after acute
cerebral ischemia (23, 24) and predicted the risk of coronary artery
disease for patients with major depression disorder (25). Elevated
RDW is correlated with the occurrence of stroke and strongly
predicts both cardiovascular and all-cause mortalities in patients
with known strokes (26). A literature review has also revealed
that the higher RDW independently predicted poor outcomes
in patients with ischemic stroke (IS), carotid atherosclerosis,
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or cerebral embolism (27). In addition, a comprehensive meta-
analysis of 31 studies revealed that higher RDW was associated
with unfavorable functional outcomes, either at discharge or at 90
days (28). To date, there have been no studies exploring the effect
of RDW on post-ICH depression. Therefore, the study was aimed
at investigating the relationship between RDW and PSD, as well
as further exploring how RDW predicted depression at 3 months
after ICH.

2. Materials and methods
2.1. Subjects

From January 2017 to September 2022, patients with ICH were
consecutively enrolled from the Bozhou Hospital, Anhui Medical
University, Bozhou, China in this prospective observational study.
Within 24 h after all suspected ICH patients were admitted to
the hospital, computed tomography (CT) confirmed the diagnosis.
Patients were not included if they (1) had a hemorrhagic
transformation of cerebral infarction, primary intraventricular
hemorrhage, hemorrhage due to arteriovenous malformation,
hemorrhage due to aneurysm, and secondary hemorrhage due to
anticoagulant therapy; (2) had no CRP or RDW data; (3) had
hematological diseases and renal or liver diseases; (4) had hormonal
and immunosuppressive therapy history with 3 months prior to
ICH onset; (5) concurrently had a disease that was possibly affecting
the RDW value, such as active infection, chronic inflammatory
disease, malignancy, and autoimmunological diseases; (6) once
suffered major depression disorder (MDD) or other psychiatric
disorders; (7) once suffered severe aphasia, dysarthria, and
cognitive impairment that made it impossible to complete the
psychological scale assessment; (8) had a previous history of stroke;
(9) had cerebral amyloid angiopathy; or (10) had undergone
surgical treatment. At last, the study included 438 cases with ICH
in total (Figure 1). This study has obtained the approval of the
institutional ethics review board of the participating center and also
all participants’ written informed consent following the Helsinki
Declaration of 1975.

2.2. Data collection

We collected the sociodemographic and clinical characteristics
regarding ICH patients on admission, such as age, sex, marital
status, educational level, vascular risk factors (hypertension,
diabetes mellitus, coronary heart disease, atrial fibrillation, current
smoking habit, alcohol consumption, and prior stroke), hematoma
volume and location, and adopted a standard case report form.
The National Institutes of Health Stroke Scale (NIHSS) was used
for assessing the stroke severity on the first day (time 1) and on
day 90 (time 2) after the admission. Impairment of consciousness
was categorized by the use of the Glasgow Coma Scale (GCS)
score. The Barthel index (BI), the modified Rankin Scale (mRS),
and the Mini-Mental State Exam (MMSE) were used for assessing
the functional outcome and the cognitive functions after 90-day
follow-up, respectively (29-31). ICH volume was measured by
ABC/2 technology (A = greatest hemorrhage diameter by CT, B
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656 ICH patients referred to the Bozhou Exclued:
Hospital affiliated to Anhui medical

University from 1/2017 to 9/2022

v

(D A history of depression or other psychiatric disorders (n=13)
® Serious dysarthria or aphasia (n=16)

® A history of hormonal and immunosuppressive therapy (n=16)
@ Severe hepatic or renal disease and tumor organ (n=18)

® Hematological diseases and tumor (n=54)

® No RDW or CRP data (n=9)

@ A previous history of stroke (n=36)

had secondary hemorrhage (n=8)

© had cerebral amyloid angiopathy (n=8)

478 patients with ICH at baseline screened

Exclued:

@ 25 patients due to early death
@ 15 patients declined the invitation to participate

438 patients complete 3-month follow-up
Depression: 93 patients
Non-Depression: 345 patients

FIGURE 1
Flowchart of participant selection.

= diameter perpendicular to A, and C = the approximate number
of CT slices with hemorrhage multiplied by the slice thickness).

2.3. Blood collection and laboratory test

The study enrolled participants with ICH within 24h of
onset. We collected patients’ blood samples after an 8-h fast in
the morning at room temperature. Sysmex XE-2100 Hematology
Automated Analyzer was used for measuring the RDW, white
blood cell (WBC), mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), mean corpuscular hemoglobin
concentration (MCHC), platelet (PLT), hemoglobin (Hb), and
red blood cell (RBC) at our hospital’s laboratory. The serum
CRP, glucose (G), total cholesterol (TC), triglycerides (TG), high-
density lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), homocysteine (Hcy), apolipoprotein A
(ApoA), and apolipoprotein B (ApoB) were measured by AU5811
automatic biochemical analyzer (Beckman Coulter, USA) in the
clinical laboratories of our hospital. All methods and procedures
followed in this study strictly conformed to relevant instructions.
To minimize assay variation, professional clinical technicians who
did not know the clinical outcomes or neuroimaging findings
took charge of randomly analyzing all samples in duplicate on the
same day.

2.4. Psychological measurement

The primary endpoint referred to the psychological evaluation
3 months after the admission, which was carried out at 3
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months by two trained neurological physicians who did not
know the laboratory results of patients. All participants who were
diagnosed with major, moderate, or minor depression received
the structured clinical interview following the Diagnostic and
Statistical Manual of Mental Disorders, 5th edition (DSM-V)
(SCID-I-R). We investigated the inter-rater reliability for 200
patients and confirmed the kappa as 0.90 (YQ Li and ZB Sun). The
HAMD-17 scale was used for measuring depressive severity and a
HAMD-17 scale score > 7 was reported for PSD (32).

2.5. Statistical analysis

SPSS 23.0 statistical software (SPSS, Inc., Chicago, IL, USA)
was used for the statistical analyses. Data for continuous variables
were in the form of mean = standard deviation (SD) or median
(interquartile range), which was decided by whether the tested
data presented normal or non-normal distribution. The Chi-
square test was used in evaluating categorical variables. In the case
of conducting an abnormal distribution test on the continuous
variables, the Kruskal-Wallis test and the Mann-Whitney U test
were used for comparing the difference between the three groups
and that between two groups, respectively. Student’s f-test or
one-way analysis of variance (ANOVA) were used for analyzing
the normally distributed continuous variables. We included the
variables with a p-value < 0.5 confirmed by the univariate analysis
in the final multivariable analysis. Multivariate logistic regression
analysis was used for determining the risk factors independently
for predicting depression 3 months after ICH. Bivariate correlations
were analyzed with Pearson correlation coefficient test or Spearman
rank correlation test analyses. The admission RDW was taken
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TABLE 1 Clinical and demographic characteristics of patients in the depression and non-depression groups.

Variables

Total (n = 438)

Depression after ICH

10.3389/fneur.2023.1077518

Demographic characteristics

Depression (n = 93)

Non-depression (n = 345)

Sex, female, 1 (%) 172 (39.27) 44 (47.31) 128 (37.10) 0.074
Age, years, mean & SD 66.16 £ 8.10 66.30 £ 7.96 65.65 =+ 8.62 0.491
Education years, median (IQR) 5(3-8) 5(3-8) 5(3-8) 0.255
Marital status, married, n (%) 416 (94.98) 88 (94.62) 328 (95.07) 0.860
Vascular risk factors (%)
Hypertension 281 (64.16) 55 (59.14) 226 (65.51) 0.256
Diabetes mellitus 132 (30.14) 31(33.33) 101 (29.28) 0.449
Coronary heart disease 52(11.87) 14 (15.05) 38 (11.01) 0.285
Atrial fibrillation 38 (8.68) 12 (12.90) 26 (7.54) 0.150
current smoking 133 (30.37) 30 (32.26) 103 (29.86) 0.655
Alcohol consumption 155 (34.70) 33 (35.48) 119 (34.49) 0.859
Hematoma volume, ml, median (IQR) 7 (4-10) 8 (5-9) 6 (3-10) 0.092
Laboratory findings (IQR)
WBC, x10°/L, median (IQR) 6.48 (5.62-7.75) 7.53(6.18-8.75) 6.29 (5.39-7.44) ok
CRP, mg/L, median (IQR) 6.11 (5.26-7.48) 7.22 (6.04-9.20) 5.96 (5.17-7.00) e
Plt, x10°/L, mean & SD 213 £ 58 203 £59 216 £57 0.055
MCYV, fl, mean &+ SD 86.95 £+ 5.97 87.56 £ 6.02 86.78 £+ 5.96 0.281
MCH, pg, median (IQR) 29.58 (27.00-32.20) 29.50 (26.75-33.10) 29.60 (27.00-32.00) 0.467
MCHC, g/L, mean £ SD 328.79 £ 31.12 328.61 £ 14.12 328.83 +34.31 0.952
RBC, x 10'?/L, mean = SD 4.81 4 0.54 4.86 +0.49 4.80 £0.55 0.345
Hb, g/L, mean £ SD 139 £ 11 139 £ 11 139 +£ 10 0.996
RDW, %, median (IQR) 13.56 (12.72-13.78) 13.70 (13.56-13.89) 13.45 (12.64-13.75) o
Glucose, mmol/L, median (IQR) 5.30 (4.70-6.80) 5.60 (4.70-6.75) 5.2 (4.70-6.80) 0.329
TG, mmol/L, mean £ SD 1.67 +1.27 1.62 £ 1.51 1.68 +1.20 0.962
TC, mmol/L, mean 4+ SD 4.64 £ 1.49 4.59 £ 1.06 4.65 £+ 1.59 0.916
HDL-C, mmol/L, mean £ SD 1.09 +0.52 1.18 £ 0.96 1.06 +0.31 0.241
LDL-C, mmol/L, mean + SD 2.57 £0.87 2.64 £0.84 2.5540.88 0.422
ApoA, g/L, mean £ SD 1.28 £0.27 1.30 £0.24 1.28 +£0.28 0.666
ApoB, g/L, mean & SD 0.90 £+ 0.39 0.92 +0.27 0.89 £ 0.41 0.546
Hcy, pmol/L, median (IQR) 12.76 (10.29-16.30) 13.01 (10.81-16.46) 12.76 (10.19-16.39) 0.415
Hematoma location, n (%)
Frontal lobe 66 (15.07) 10 (10.75) 56 (17.23) 0.190
Parietal lobe 52(11.87) 10 (10.75) 42 (12.17) 0.707
Temporal lobe 129 (29.45) 26 (27.96) 103 (29.86) 0.722
Occipital lobe 62 (14.16) 11(11.83) 51 (14.78) 0.468
Basal ganglia 174 (39.73) 47 (50.53) 127 (36.81) 0.016
Brainstem 31(7.08) 8 (8.60) 20 (6.67) 0.182
Cerebellum 52(9.59) 7(7.53) 45 (13.04) 0.144
Concurrent ventricular hemorrhage 31(7.08) 10 (10.75) 21 (6.09) 0.142
(Continued)
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TABLE 1 (Continued)

Variables Total (n = 438) Depression after ICH

Depression (n = 93) Non-depression (n = 345)
Neuropsychological function
NIHSSI score, median (IQR) 6 (4-9) 10 (8-13) 5 (4-8)
NIHSS2 score, median (IQR) 3(1-5) 6 (4-8) 2(1-4)
MMSE score, median (IQR) 22 (18-26) 20 (17-26) 22 (18-26) 0.788
GCS score, median (IQR) 15 (15-15) 14 (15-15) 15 (15-15) 0.124
BI score, median (IQR) 65 (45-85) 50 (40-65) 70 (50-90)
mRS score, median (IQR) 2(2-3) 4(3-4) 2(2-3)
HAMD score, median (IQR) 5(2-8) 7 (3-12) 4(2-6)

5D < 0,001,

into account for dividing patients into tertiles (T1: <12.95, T2:
12.97-13.69, and T3: >13.7). We applied three models for the
multivariable regression analyses, for recognizing the factors that
could predict post-ICH depression, with model 1 targeting age,
sex, education years, and marital status; model 2 targeting model
1 as well as vascular risk factors; model 3 targeting variables with
a p < 0.05 confirmed by the univariate analyses (WBC, CRP,
BGLs, baseline NIHSS score, mRS score, and Bl score). In addition,
the association was in the form of OR with 95% CI. Besides, a
receiver operating characteristic curve (ROC) analysis assisted in
identifying the cutoff point on the RDW levels on admission, which
could be the most sensitive and specifically serve for predicting the
post-ICH depression at the 3-month follow-up. We calculated the
AUC regarding RDW for measuring the test accuracy; p < 0.05 was
reported to be statistically significant.

3. Results

3.1. Baseline characteristics exhibited by
patients in depression and non-depression
groups

The study included ICH patients presented at the participating
center from January 2017 to September 2022. We first enrolled 656
participants, followed by excluding 218 participants, including 15
participants who were not followed up at 3 months, 25 patients who
died, 9 participants who did not provide their RDW or CRP data,
and 169 participants who conformed to the exclusion criteria, such
as a history of depression or other psychiatric disorders, a history
of hormonal and immunosuppressive therapy, serious dysarthria
or aphasia, hepatic or renal disease, hematological diseases, tumor,
as well as secondary hemorrhage, etc. Lastly, the study yielded
438 patients (172 women, aged 66.16 + 8.10 years), of which 93
(21.23%) patients were included in the depression group after ICH
and 345 (78.77%) patients were included in the non-depression
group after ICH. Relative to the patients in the depression group
after ICH, those in the non-depression group presented higher
baseline NTHISS1 scores (p < 0.001), higher NIHISS2 scores (p
< 0.001), higher WBC (p < 0.001), higher CRP (p < 0.001),
higher RDW (p < 0.001), higher mRS scores (p < 0.001), and
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lower BI scores (p < 0.001). Among hematoma locations, the basal
ganglia (p = 0.014) was considerably related to the depression
risk. Table 1 compares the baseline characteristics between the two
groups of patients.

3.2. Baseline characteristics exhibited by all
patients in RDW tertiles

Tertiles of the RDW level were taken into account for dividing
all patients into three subgroups, ensuring that each subgroup
had sufficient patient categories from 10.96 to 16.30 (T1, 146
patients; T2, 146 patients; and T3, 146 patients). The cutoff values
(COV) for stratifying the RDW into tertiles were T1, 10.96-
12.95; T2, 12.97-13.69; and T3, 13.70-16.30. Ascending tertiles of
RDW reported lower BI scores (p = 0.001), higher RDW (p <
0.001), higher NTHSS1 scores (p <0.001), higher NTHISS2 scores (p
<0.001), higher HAMD scores (p = 0.024), higher CRP (p <0.001),
higher hematoma volume (p <0.001), and higher WBC (p = 0.007)
(Table 2). The depression and non-depression groups presented
significant differences in terms of the RDW (x? = 25.88, p <
0.001). For the depression group, the percentage of patients in the
lowest tertile (10.96-12.95) and the highest tertile (13.70-16.30)
were remarkably lower and higher, respectively. Besides, there were
11 (11.83%), 37 (39.78%), and 45 (48.39%) patients with depression
after ICH in tertile 1, tertile 2, and tertile 3, respectively (Table 3).

3.3. Association between the level of RDW
and depression after ICH

We conducted the multivariate logistic regression analysis by
including WBC, CRP, basal ganglia infarction, RDW, NIHSS1
score, NIHSS2 score, mRS score, and BI score as independent
variables, confirming that the NIHSS1 score (OR: 1.404; 95%
CL: 1.205-1.635, p < 0.001), NIHSS2 score (OR: 1.237; 95% CI:
1.041-1.471, p = 0.016), RDW (OR: 2.832; 95% CI: 1.748-4.587;
p < 0.001) could independently predict depression at 3 months
after ICH (Table 4). Correlation analyses indicated the positive
relationship between the NIHSS1 scores and the HAMD scores
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TABLE 2 Baseline characteristics exhibited by Patients With ICH according to RDW tertiles.

Variables

RDW

10.3389/fneur.2023.1077518

p value

Demographic characteristics

T1 (<12.95, n = 146)

T2 (12.97-13.69, n = 146)

T3 (>13.7, n = 146)

Frontiersin Neurology
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Sex, female, 1 (%) 48 (32.88) 66 (45.21) 88 (60.27) 0.097
Age, years, mean+SD 68 (62-71) 68 (63-72) 66 (61-70) 0.103
Education years, median (IQR) 5(3-8) 5(3-7) 5(3-8) 0.587
Marital status, married, 7 (%) 140 (95.89) 139 (95.21) 137 (98.84) 0.715
Vascular risk factors (%)
Hypertension 101 (69.18) 88 (60.27) 92 (63.01) 0.267
Diabetes mellitus 38 (26.03) 47 (32.19) 47 (32.19) 0.415
Coronary heart disease 17 (11.64) 17 (11.64) 18 (12.33) 0.658
Atrial fibrillation 8 (5.48) 9 (6.16) 15 (10.27) 0.235
current smoking 47 (32.19) 40 (27.40) 46 (31.51) 0.629
Alcohol consumption 52 (35.62) 52 (35.62) 48 (32.88) 0.851
Hematoma volume, ml, median (IQR) 5(2-8) 4 (7-11) 8 (4-11) ok
Laboratory findings (IQR)
WBC, x10°/L, median (IQR) 6.10 (5.26-7.44) 6.66 (5.73-7.92) 6.79 (5.74-8.15) 0.007
CRP, median (IQR) 5.62 (4.68-6.55) 6.14 (5.43-7.61) 6.77 (5.95-8.37)
Plt, x10°/L, median (IQR) 212 (174-250) 219 (182-255) 213 (173-241) 0.308
MCYV, fl, mean &+ SD 86.58 £ 5.68 87.34 £ 5.81 86.93 +6.42 0.555
MCH, pg, median (IQR) 29 (27-32) 29.89 (27.40-33.23) 29.65 (26.90-31.43) 0.852
MCHG, g/L, median (IQR) 330.70 (320.00-339.65) 331.60 (323.75-342.00) 328.30 (314.80-341.60) 0.119
RBC, x10'2/L, median (IQR) 4.94 (4.54-5.26) 4.78 (4.51-5.23) 4.54 (3.79-5.36) 0.207
Hb, g/L, median (IQR) 141 (134-145) 140 (134-145) 138 (132-144) 0.268
RDW, %, median (IQR) 12.57 (11.75-12.80) 13.56 (13.24-13.68) 13.87 (13.76-13.96) o
Glucose, mmol/L, median (IQR) 5.30 (4.70-6.90) 5.30 (4.70-6.80) 5.30 (4.70-6.70) 0.990
TG, mmol/L, median (IQR) 1.44 (0.94-2.05) 1.27 (0.97-1.84) 1.35(0.90-2.01) 0.634
TC, mmol/L, median (IQR) 4.57 (3.86-5.28) 4.34 (3.66-5.19) 4.54 (3.79-5.36) 0.412
HDL-C, mmol/L, median (IQR) 1.05 (0.88-1.30) 1.04 (0.86-1.23) 0.98 (0.81-1.20) 0.292
LDL-C, mmol/L, mean + SD 2.594+0.84 2.56 £ 0.86 2.57 +0.90 0.965
ApoA, g/L, median (IQR) 1.28 (1.12-1.45) 1.25(1.10-1.45) 1.27 (1.07-1.42) 0.447
ApoB, g/L, median (IQR) 0.87(0.71-1.02) 0.84(0.69-1.02) 0.87(0.68-1.03) 0.692
Hcy, pmol/L, median (IQR) 12.98 (10.16-16.45) 13.24 (10.43-16.99) 12.66 (10.29-15.74) 0.719
Hematoma location, n(%)
Frontal lobe 21 (14.38) 24 (16.44) 21 (14.38) 0.875
Parietal lobe 25(17.12) 13 (8.90) 14 (8.59) 0.055
Temporal lobe 42 (28.77) 49 (33.56) 38 (26.03) 0.360
Occipital lobe 23 (15.75) 22 (15.07) 17 (11.64) 0.559
Basal ganglia 40 (27.40) 50 (34.25) 84 (57.53) ok
Brainstem 15 (10.27) 8 (5.48) 8 (5.48) 0.182
Cerebellum 22 (15.07) 14 (9.59) 16 (10.96) 0.322
Concurrent ventricular hemorrhage 12 (8.22) 9 (6.16) 10 (6.85) 0.784
(Continued)
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TABLE 2 (Continued)

Variables RDW

T1 (<12.95, n = 146) T2 (12.97-13.69, n = 146) T3 (>13.7, n = 146)
Neuropsychological function
NIHSS! score, median (IQR) 5(4-8) 6 (5-10) 7 (5-10) ok
NIHSS2 score, median (IQR) 4(2-6) 5(2-8) 5(3-9) ok
MMSE score, median (IQR) 22 (17-26) 23 (18-26) 23 (18-26) 0.240
GCS score, median (IQR) 15 (15-15) 15 (15-15) 15 (15-15) 0.479
BI score, median (IQR) 70 (50-90) 65 (50-80) 60 (40-80) 0.001
mRS score, median (IQR) 2(2-3) 3(2-4) 3(2-4) 0.006
HAMD score, median (IQR) 4(2-6) 5(2-8) 5(3-9) 0.024

P < 0.001.

TABLE 3 RDW tertiles of patients.

Variables Depression (n = 93) Non-depression (n = 345)

RDW 25.88
Tertile 1 (10.96-12.95) 11 (11.83%) 135 (39.13%) 24.57
Tertile 2 (12.97-13.69) 37 (39.78%) 109 (31.59%) 221 0.137
Tertile 3 (13.70-16.76) 45 (48.39%) 101 (29.28%) 12.04 0.001

P < 0.001.

(r = 0.283; p < 0.001), and the positive relationship between the
NIHSS2 scores and the HAMD scores in all patients 3 months
after admission (r = 0.284, p < 0.001). Similarly, a weak positive
correlation was found between RDW and CRP (r = 0.100, p=
0.036). Moreover, a positive correlation also existed between RDW
and WBC (r = 0.288, p < 0.001).

In the logistic regression model without making any
adjustments and the model with multiple adjustments, we
considered all patients as a whole, considering the post-ICH
depression and the lowest tertile as the dependent variable and
the reference, respectively, for investigating RDW (Table 5). In the
logistic regression model without making any adjustments, for
patients with admission RDW, the highest tertile presented more
obvious ICH depression symptoms relative to the lowest tertile
(non-adjusted: OR: 5.468; 95% CI: 2.694-11.098, p < 0.001). In the
logistic regression model that adjusted for the confounders of age,
sex, education years, marital status, vascular risk factors, BGLs,
baseline NIHSS score, BI score, mRS score, and laboratory data
(WBC and CRP), the highest tertile of RDW could independently
predict the prevalence of post-ICH depression (model 1b: OR =
5.336, 95% CI = 2.624-10.852, p < 0.001; model 2¢: OR = 5.086,
95% CI = 2.482-10.426, p < 0.001; model 3d: OR = 4.225, 95%
CI = 1.686-10.586, p = 0.002). As revealed by the ROC curve,
the estimated optimal COV of RDW that predicted the post-ICH
depression was 13.68, with the sensitivity and specificity reaching
63.4% and 64.6%, respectively, and the AUC at 0.703 (95% CI:
0.649-0.757; p < 0.001) (Figure 2).

4. Discussion

To the best of our knowledge, this study is the first prospective
cohort study exploring the relationship between RDW and PSD at 3

Frontiersin Neurology

months in ICH patients. Our results revealed that high-level RDW
at admission exhibited an obvious relation to the 3 month-post-
ICH depression and documented that, after adjusting for major
confounders, patients in the highest RDW tertile presented a post-
ICH depression risk that was 4.225-fold higher than those in the
lowest RDW tertile, which epidemiologically proved the potential
effectiveness of RDW for predicting the post-ICH depression at 3
months. Hence, RDW can serve well as a useful therapeutic target
for treating depression after ICH.

A prospective nationwide hospital-based cohort study revealed
that the incidence of adverse events in ICH patients was 2.5 times
higher than that of IS patients (52.0 % vs. 21.7 %, respectively)
(33). In fact, 21.23% of ICH patients in this study developed
depression in the third month, meeting the results of previous
studies (34). According to previous investigations, the frequency
of PSD was in the range of 21.2%—75% (35, 36). The possible
reasons for the difference in the incidence of PSD are related
to the different criteria for determining PSD, the methods of
psychological assessment, and the time of assessment. PSD can
be diagnosed dynamically, and different time points impact the
prevalence of PSD in different ways. The study revealed the
relationship between high-level RDW and higher NIHSS1 and
NIHSS2 scores in ICH patients. As found in the study, relative
to patients in the non-depression group, for ICH patients in the
depression group, the stroke severity was elevated and functional
outcomes were poor, which matched the previous studies (37). The
frontal lobe, the temporal lobe, and the basal ganglia act as the
core brain regions in the emotional network, and the appearance of
hemorrhage in these brain regions is associated with PSD. Damage
to the limbic—cortical-striatal-pallidal-thalamic (LCSPT) circuit
can lead to depressive symptoms (38, 39). We also found similar
results that patients who had post-ICH depression held a larger
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TABLE 4 Multivariate logistic regression analysis for ICH patients’
depression.

Variables (O] 95% ClI p
WBC 1.124 0.983-1.284 0.087
CRP 1.038 0.842-1.280 0.725
Basal ganglia hematoma 1.377 0.724-2.617 0.329
RDW 2.832 1.748-4.587 o
NIHSSI1 score 1.404 1.205-1.635 o
NIHSS2 score 1.237 1.041-1.471 0.016
Bl score 0.839 0.977-1.019 0.251
mRS score 0.998 0.977-1.019 0.839
P < 0.001.

TABLE 5 Multivariate logistic regression analysis demonstrating the
independent predictors of depression after ICH.

Tertile OR? 95% ClI p value

Unadjusted Middle 4.116 2.030-8.549 o

Highest 5.468 2.694-11.098 ok
Model 1° Middle | 4201 | 2.039-8.653

Highest | 5336 | 2.624-10.852
Model 2¢ Middle | 4.195 | 2.021-8.707

Highest | 5.086 | 2.482-10.426
Model 3¢ Middle | 4266 | 1.690-10.770 0.002

Highest 4.225 1.686-10.586 0.002

P < 0.001.

2Reference OR (1.000) is the lowest tertile of RDW for PSD.

"Model 1: adjusted for age, sex, education years, and marital status.

‘Model 2: adjusted for covariates from Model 1, with further adjustment for vascular
risk factors.

dModel 3: adjusted for covariates from Model 2, with further adjustment for variables with a
p < 0.05 in univariate analysis (WBC, CRP, basal ganglia hematoma, baseline NTHSS score,
mRS score, and BI score).

likelihood of developing basal ganglia hematoma. Nevertheless,
patients in the depression and non-depression groups after ICH
did not present obvious differences in the frontal and temporal lobe
lesions. A larger-sized sample needs to be adopted for validating the
abovementioned findings.

Research has not explored well the mechanism by which the
elevated RDW level was accompanied by an increased incidence
rate of depression. Hence, discussing the possible physiological
or pathological effects of elevated RDW levels on depression
development is of larger significance. At first, numerous studies
have shown that RDW may be associated with the inflammatory
response after ICH (18, 40). The cascade of inflammatory reactions
caused by direct mechanical compression of the surrounding
tissues by the hematoma, chemical reactions, and oxidative damage
after ICH is the cause of secondary neuronal death around
the hematoma (41). Animal experiments and clinical studies
have demonstrated that hematoma causes an early inflammatory
response that exacerbates brain tissue damage, thereby affecting
patients’ prognosis (41, 42). Inflammatory cytokines such as TNF-
o, IL-1B, and IL-6 inhibit erythropoietin-induced erythrocyte
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maturation, resulting in the entry of immature erythrocytes
into the peripheral blood, which can lead to increased RDW
levels (43). Shafiee et al. demonstrated that elevated RDW is
associated with WBC, strongly supporting the consideration of
RDW as an effective marker of inflammation (44). Some studies
have suggested that RDW is similar to TNF receptors or CRP,
which are also markers for inflammation (45). Ferrucci et al.
proposed that various inflammatory cytokines can be used as a
parameter, demonstrating that higher levels of inflammation and
high RDW levels in non-anemic elderly are strongly associated
with erythropoietin production but are negatively related to anemia
(46). Additionally, pro-inflammatory cytokines reduce erythrocyte
survival by altering the deformability of the erythrocyte membrane
and inhibiting erythropoiesis, ultimately leading to erythrocyte
injury. The higher RDW reports erythropoiesis impairment,
manifested by chronic inflammation and elevated oxidative stress
(47). Besides, previous studies have demonstrated the impact of
RDW on ICH occurrence and prognosis, revealing its vital effect on
the unfavorable prognostic outcome after ICH (48). Nevertheless,
depressive symptoms report weak functional outcomes for ICH
patients (49).

A second explanation is that oxidative stress has been
considered a significant factor determining RDW, which is capable
of lowering erythrocytes’ lifespan, while inflammation shows a close
association with inhibited erythropoiesis. Both oxidative stress and
inflammation can elevate the RDW level (50-52). Oxidative stress
may considerably affect the course of ICH and lead to elevated
RDW. Low antioxidant defenses present a positive relation to RDW
and can also independently predict all-cause mortality, especially
in ICH (53). In addition, after cerebral vessels are broken, blood
components, composed of erythrocytes and their metabolites,
thrombin, and fibrinogen, are capable of entering the cerebral
parenchyma through the impaired blood-brain barrier (BBB),
as well as inducing inflammatory cascades and oxidative stress.
These exacerbate the destruction of the BBB and promote blood
components to be further infiltrated, thereby causing a vicious cycle
exacerbating the neurological damage as well as the brain edema
caused by ICH (54). Similarly, elevated RDW inhibits endothelium-
dependent nitric oxide-mediated vasodilation, reducing the oxygen
supply to the impaired brain tissue and thus diminishing the
repairing and recovery ability of the nervous system (55).

Besides, the inflammatory response remarkably affects ICH.
Upon the occurrence of ICH, the organism is capable of inducing
a systemic inflammatory response while elevating the RDW,
WBC, and CRP levels in ICH patients (40, 56, 57). Furthermore,
previous reports demonstrated that high RDW reported increased
inflammation indices, such as CRP and IL-6 (58, 59). A meta-
analysis revealed that patients with higher CRP levels in the acute
phase of stroke are more likely to develop PSD (13). According
to Gong et al, the higher the WBC level, the more obvious
the depressive symptoms after ICH (34). As found in the study,
RDW could robustly predict post-ICH depression (AUC: 0.665)
compared to CRP (AUC: 0.697) and WBC (AUC: 0.692). In
addition, inflammation mediates the neurotransmitter alteration,
especially the synthesis and the metabolism of glutamine and 5-
hydroxytryptamine, thereby contributing to the dysfunction of
synaptic plasticity and depression. RDW is capable of reflecting
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FIGURE 2
The ROC curves for the prediction of post-ICH depression. Predictive values of RDW, CRP, and WBC for depression at 3 months after ICH: AUC of
0.669 (95%Cl, 0.607-0.730; p < 0.001) for CRP; 0.631 (95% Cl, 0.564-0.698; p < 0.001) for WBC; and 0.703 (95% Cl, 0.649-0.757; p < 0.001) for RDW;
RDW had a COV of 13.68, and the sensitivity and specificity were 63.4% and 64.6%, respectively.

the inflammatory state after ICH, on the one hand, and can affect
depression development, on the other hand (60). Based on the
AUC of RDW, RDW can well predict the prognosis of depression
after ICH, and the sensitivity and specificity are 63.4% and 64.6%,
respectively. Taken together, elevated RDW levels may report high
inflammation levels, which exhibits a larger possibility of leading to
depression after ICH. Consequently, patients with elevated RDW
levels should be treated with caution. Further prospective studies
are vital to investigating whether RDW lowering treatment offers
a potential prevention or therapeutic target for depression after
ICH. We believe that the use of RDW could be standardized when
estimating depression in patients with ICH, as RDW is a laboratory
parameter automatically provided in conventional hemograms.
The study has some limitations: (1) The measurement of the
RDW level only occurred at the acute stage of ICH patients; hence,
the study failed to obtain the data on the time and duration for the
biomarkers to make a change in these participants, (2) the study
only assessed the post-ICH depression once, at the 3-month follow-
up. Hence, the study will be more valid if the assessment can be
conducted both at shorter (1 month and 2 months) and longer time
(1 year and 2 years) points, (3) the study excluded patients who had
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serious dysarthria or aphasia; as a result, the actual prevalence of
post-ICH depression may be underestimated and result bias may
occur, (4) we did not investigate the availability of antidepressant
treatment during the follow-up period from onset to 3 months,
thereby influencing the incidence of post-ICH depression, and (5)
several studies have already reported the association of several risk
factors with post-ICH depression, such as economic status and
social support.

5. Conclusions
In summary, a higher RDW can independently report post-
ICH depression at 3 months, showing that RDW on admission may

be an important biomarker of inflammatory-related disease for the
prediction of post-ICH depression occurrence.
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