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Abstract

Background: Behavioural and psychological symp-
toms of dementia (BPSD) are often treated with atypi-
cal antipsychotics, but heterogeneous treatment responses
remain a clinical challenge. A systemic inflammatory
state may contribute to this heterogeneity, but it is unclear
whether the baseline systemic immune-inflammation index
(SII) is associated with differential short-term responses
among BPSD patients treated with risperidone, olanzapine,
and quetiapine. Therefore, this study aimed to investigate
whether baseline SII was associated with differential short-
term responses among antipsychotic treatment groups.

Methods: This was a retrospective cohort study. We
reviewed the electronic medical records of hospitalised pa-
tients with dementia and BPSD from January 2020 to De-
cember 2024 and divided the patients into a risperidone
group, an olanzapine group and a quetiapine group accord-
ing to the antipsychotic treatment in the medical records.
Using the risperidone group as the reference, 1:1 nearest-
neighbour matching without replacement was performed to
obtain three balanced groups of 77 patients each (n = 231 in
total). Normally distributed continuous data were analysed
using t-tests, analysis of variance (ANOVA) and paired t-
tests; non-normally distributed continuous data were ana-
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lyzed using Wilcoxon rank-sum tests, Kruskal–Wallis tests
andWilcoxon signed-rank tests; categorical data were anal-
ysed using chi-square tests. Correlation analysis, multivari-
ate linear regression and restricted cubic splines (RCS)were
used for additional analyses.

Results: Spearman’s rank correlation test revealed di-
vergent therapeutic trajectories. Baseline SII was positively
correlated with the reduction rate of the Scale for the As-
sessment of Positive Symptoms (SAPS) in the risperidone
group (r = 0.863, p< 0.001), and negatively correlated with
the reduction rate of the SAPS in the olanzapine group (r = –
0.513, p< 0.001) and the quetiapine group (r = –0.368, p<
0.001). RCS analysis further revealed a non-linear relation-
ship between SII and SAPS reduction rate (non-linear test
p = 0.001). A significant interaction between medication
type and SII was confirmed by the multivariable regression
model (interaction p < 0.001).

Conclusions: Baseline systemic inflammatory status
is differentially associated with short-term antipsychotic re-
sponse in hospitalised patients with dementia and BPSD.
These findings suggest that inflammatory burden may be
clinically relevant to the heterogeneous short-term response
patterns across antipsychotic groups. However, prospective
validation is required before any implications for treatment
stratification can be drawn.
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Introduction

The contemporary global health landscape is grap-
pling with the relentless emergence of dementia, including
Alzheimer’s disease and related dementias (ADRD). The
World Health Organization anticipates that this challenge
will affect an astonishing 139 million people by 2050 [1].
In addressing this crisis, it is not sufficient to view it from
the perspective of cognitive decline; the high prevalence
of behavioural and psychological symptoms of dementia
(BPSD) must also be recognised. A recent systematic re-
view and meta-analysis conducted in acute hospital settings
reported that approximately 60% of older patients with de-
mentia exhibit at least one BPSD during admission, with
aggression/agitation occurring in about 39% of cases [2].
This constitutes a complex clinical reality and is a major
cause of severe caregiver burnout and the premature and
often inevitable transition of patients to institutional care
[3].

A sharp discrepancy exists in the clinical treatment of
BPSD: on the one hand, there is the gold standard of non-
pharmacological treatment, and on the other hand, there is
the urgency of clinical safety issues. The application of
atypical antipsychotics (AAPs) in BPSD is often hindered
by the challenge of balancing efficacy and risk. Schneider’s
observation further confirms this reality: although AAPs
are statistically superior to placebo, their side effects and
limited therapeutic efficacy lead to a discontinuation rate
ranging between 16% and 24% [4,5]. However, treatment
efficacy is not uniform across individuals. Perhaps the most
concerning issue remains the substantial heterogeneity in
individual responses; moreover, antipsychotic use is asso-
ciated with an increased risk of multiple adverse outcomes,
with higher risks in the early stages after the start of treat-
ment [6].

Although antipsychotic drugs remain widely used in
geriatrics worldwide for the treatment of BPSD in demen-
tia, several problems persist, most notably the absence of
validated biomarkers that could truly guide and person-
alise drug selection [7]. The current reliance on heuris-
tic and ad hoc prescribing practices exposes older adults—
particularly those with dementia—to a substantial risk of
off-target drug effects. Therefore, identifying objective and
readily available indicators that capture subtle interindivid-
ual differences in treatment responses among individuals is
crucial for the future advancement of geriatric psychiatry.

The intricate interplay between the peripheral im-
mune environment and central nervous system homeosta-
sis is attracting increasing attention in immunopsychia-
try. Increasing evidence suggests that peripheral inflam-

matory dysregulation is linked to neurodegenerative vul-
nerability and cognitive impairment, rather than being a
mere epiphenomenon [8,9]. It is precisely this complex-
ity that has motivated the introduction of the systemic
immune-inflammation index (SII)—a biomarker integrat-
ing dynamic changes in neutrophils, lymphocytes, and
platelets—into this context [10]. Elevated SII values sug-
gest an increased burden of small vessel disease and neu-
ropsychiatric vulnerability [9]; moreover, inflammatory
signaling may interact with dopaminergic and microglial
pathways involved in behavioural disturbances and treat-
ment response [11]. However, in clinical practice, whether
baseline inflammatory features truly correlate with variabil-
ity in the efficacy of AAPs for BPSD remains unexplored
by empirical research.

In this retrospective cohort study, we aimed to inves-
tigate whether baseline SII is associated with differences in
short-term response and safety profile among elderly pa-
tients with BPSD treated with risperidone, olanzapine, or
quetiapine. We hypothesized that the baseline inflamma-
tory status is associated with the heterogeneity of therapeu-
tic responses across different drugs.

Methods

Study Design and Participants

Study Design

Grounded in the ethical framework articulated by the
Declaration of Helsinki, this retrospective cohort study used
routinely documented inpatient medical records that were
stripped of all personal identifiers and consolidated into a
fully anonymized dataset under restricted access. The study
was reviewed and approved by the Institutional Review
Board of The Third People’s Hospital of Fuyang (ethical ap-
proval number: (2026)-(2-003-01)), and written informed
consent was obtained from all participants according to in-
stitutional requirements.

Cohort Construction and Matching Strategy

This study is a retrospective analysis based on clinical
data routinely recorded in electronic health records. Be-
tween January 2020 and December 2024, hospitalised pa-
tients with dementia and clinically significant BPSD were
retrospectively identified from routinely documented elec-
tronic medical records. To create comparable groups while
preserving real-world treatment assignment, we employed
a reference-group matching design [12]. We first identified
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eligible patients who received risperidone and selected 77
of them to serve as the fixed reference group. Then, for each
of the 77 risperidone patients, we performed two indepen-
dent 1:1 nearest-neighbour matchings without replacement,
identifying one matched patient from both the olanzapine
and quetiapine groups. The matching variables included
standard demographic factors such as age (within a mar-
gin of 2 years), education, and body mass index (BMI), as
well as more detailed clinical characteristics including de-
mentia subtype, disease duration, swallowing ability, and
a range of comorbidities such as prior stroke and chronic
obstructive pulmonary disease.

Inclusion and Exclusion Criteria

Inclusion criteria: (1) Aged≥ 65 years; (2) Diagnosis
of Alzheimer’s disease (AD), vascular dementia (VaD), or
mixed dementia according to DSM-5 (Diagnostic and Sta-
tistical Manual of Mental Disorders, Fifth Edition) or ICD-
10 (International Statistical Classification of Diseases and
Related Health Problems, 10th Revision) criteria; (3) Sig-
nificant BPSD present at admission and complete Scale for
the Assessment of Positive Symptoms (SAPS) scores avail-
able; (4)Monotherapywith risperidone, olanzapine, or que-
tiapine for at least 14 days.

Exclusion criteria: (1)Missing baseline counts of neu-
trophil, lymphocyte, or platelet counts; (2) Presence of
acute infection, severe hematological disease, or use of
immunosuppressants or corticosteroids within the past 3
months; (3) Inability to take oral medications due to severe
dysphagia or other physical conditions; (4) Length of stay
of less than 14 days.

Clinical Variables and Data Extraction

Baseline variables were extracted from clinical evalu-
ations and laboratory results recorded within 24 hours of
admission. The outcome assessment was based on dis-
charge records following at least 14 days of antipsychotic
monotherapy during the index hospitalisation. Therefore,
in this study, ’short-term’ refers to inpatient outcomes dur-
ing the index hospitalisation rather than to a fixed follow-up
period.

Blood test results recorded within 24 hours of admis-
sion were also extracted from the medical records. The SII
was calculated using the following formula: SII = (Platelet
× Neutrophil)/Lymphocyte [10].

Scores from the Scale for the Assessment of Positive
Symptoms (SAPS) [13], extracted from medical records,

served as a pragmatic measure of psychosis-related symp-
tom burden. SAPS is a clinician-rated tool containing 34
items, with item scores ranging from 0 (none) to 5 (severe),
yielding a total score ranging from 0 to 170. Higher total
scores indicate more severe psychotic symptoms. This
scale has demonstrated good clinical reliability and con-
struct validity for assessing positive psychotic symptoms
in various clinical populations. SAPS was originally
developed for use in schizophrenia; however, it was used
here as a proxy measure for psychosis-dominant BPSD
presentations rather than as a dementia-specific, validated
BPSD instrument. Based on the outcome definition pro-
vided by the Psychiatric Symptom Scale [14], the primary
continuous outcome was defined as SAPS reduction rate,
calculated according to the following formula:
SAPS reduction rate (%) = (SAPS_Admission –
SAPS_Discharge) / SAPS_Admission × 100.

Scores from the Mini-Mental State Examination
(MMSE) were extracted from medical records to quantita-
tively assess patients’ cognitive status [15]. The scale cov-
ers multiple cognitive domains, including orientation, at-
tention, and memory, yielding a total score ranging from
0 to 30. Lower scores indicate more severe cognitive im-
pairment. This scale is one of the most widely used cog-
nitive screening tools in dementia populations, and its re-
liability and construct validity have been well established.
It is therefore suitable for assessing the cognitive status of
the patients in this study [16]. Dementia severity was cate-
gorized based on admission MMSE score into three levels:
mild (21–25), moderate (15–20), and severe (≤ 14) cogni-
tive impairment. This three-level classification was derived
from previously reported MMSE-based severity groupings,
in which the categories of moderately severe (10–14) and
severe (0–9) dementia were merged into a single severe (≤
14) category for analytical purposes in the present study
[17], although MMSE severity cutoffs are not entirely uni-
form across the literature. In addition, clinical stabiliza-
tion was operationally defined for the purpose of chart re-
view as follows: (1) absence of rescue sedative medications
(e.g., haloperidol or diazepam) for at least three consecu-
tive days; and (2) nursing documentation indicating stable
mood, treatment compliance, and the absence of impulsive
or self-harm behaviors. This definition served as a prag-
matic chart-based inpatient endpoint and was not based on
a separately validated external instrument.

Safety outcomes included changes in fasting blood
glucose (FBG) during hospitalisation, new-onset pneumo-
nia, extrapyramidal symptoms (EPS), and falls or other bed-
related accidents. All adverse events were identified using
structured nursing records and physician documentation.
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Statistical Analysis

No imputation procedure was applied for missing
data. The final analyses were therefore conducted us-
ing complete-case data. All data were analysed using R
(Version 4.3.0) (The R Foundation for Statistical Comput-
ing, Vienna, Austria). Normality was assessed using the
Shapiro–Wilk test. Normally distributed data were pre-
sented asmean± standard deviation (SD), and comparisons
were made using analysis of variance (ANOVA) with Bon-
ferroni post-hoc correction; non-normally distributed data
were presented as median (Q1, Q3), and comparisons were
made using the Kruskal–Wallis H test with Dunn’s post-
hoc test and Holm adjustment. Spearman rank correlation
was used to assess the linear association between SII and
SAPS reduction rate. We used the variance inflation fac-
tor (VIF) to assess multicollinearity, requiring all VIF val-
ues to be below 5 as the threshold. To adjust for potential
factors, we fitted a multivariate linear regression model to
explore the association between the standardized SII and
treatment response. The SII was standardized as Z-scores
using the formula: Z = (X – mean)/SD, where X represents
the raw value. This transformation was applied to improve
the comparability of effect estimates and to facilitate the
interpretation of regression coefficients. Subsequently, we
employed restricted cubic spline (RCS) analysis to examine
the potential nonlinear dose-response relationship between
SII and the SAPS reduction rate, thereby overcoming the
limitations of a simple linear model assumption.

To further explore whether the association between
baseline SII and treatment response varied across differ-
ent antipsychotic medication groups, we conducted an in-
teraction analysis by fitting a multivariate linear regression
model. This model included standardized SII, treatment
group, and the multiplicative interaction term between stan-
dardized SII and treatment group; the risperidone groupwas
designated as the reference group. The SAPS reduction rate
served as the dependent variable. The regression coefficient
for standardised SII represents the slope of SII in the risperi-
done group, while the regression coefficient for the interac-
tion term represents the difference in the SII slope between
the given treatment group and the risperidone group.

We also conducted an exploratory analysis to compare
the incidence of adverse events across the different treat-
ment groups. Furthermore, we conducted a supplementary
analysis in which patients within each treatment group were
further stratified into “low-SII” and “high-SII” subgroups
based on the cohort-widemedian baseline SII value (926.9),
which exhibited a skewed distribution; the incidence of ad-
verse events was then compared across these subgroups and
treatment groups. Given that multiple comparisons were

conducted within the same medication group, we applied
the Holm correction to adjust the resulting p-values. A two-
sided p-value < 0.05 was considered statistically signifi-
cant.

Results

Baseline Characteristics and Matching Balance

Using risperidone as the reference group, we per-
formed two independent nearest-neighbour 1:1 match-
ing procedures. This yielded 77 matched pairs for the
risperidone-olanzapine comparison and 77 matched pairs
for the risperidone-quetiapine comparison. These resulted
in 77 matched triplets, totaling 231 patients. As shown in
Table 1, there were no statistically significant differences
observed among the risperidone, olanzapine, and quetiap-
ine groups with respect to demographic variables, dementia
subtype or severity, comorbid conditions, baseline labora-
tory indices, and psychiatric symptom scores (all p> 0.05).
In the matched sample, baseline SII was right-skewed and
was therefore summarised using the median and interquar-
tile range. The cohort median value was 926.9.

Changes in Clinical Symptoms

Within-group analysis showed that after treatment
with risperidone, olanzapine, or quetiapine, SAPS scores
and FBG levels significantly changed compared with ad-
mission (all p < 0.001). MMSE scores showed no sig-
nificant between-group differences at admission or at dis-
charge. In the within-group paired analyses, a small but sta-
tistically significant change in MMSE scores was observed
only in the olanzapine group (Table 2). For between-group
comparisons of clinical change, change scores (discharge
minus admission) were analysed (Table 3). The Kruskal–
Wallis test showed a significant difference in SAPS change
scores among the three groups (p < 0.001). Dunn’s post-
hoc pairwise comparisons showed that the reduction in
SAPS scores was greater in the risperidone group than in
the olanzapine group (p = 0.004) and in the quetiapine group
(p < 0.001). In this study, SAPS-based analyses should be
interpreted as reflecting psychosis-related symptom change
rather than changes in the full spectrum of BPSD.

Regarding cognitive function and glucose
metabolism, there were statistically significant differ-
ences in MMSE change scores among the three groups (p
= 0.042). However, Dunn’s post-hoc analysis showed a
statistically significant but numerically small difference
between the olanzapine and quetiapine groups (p = 0.035),
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Table 1. Baseline demographic and clinical characteristics of the study population (n = 231).
Variables Total (n = 231) Risperidone (n = 77) Olanzapine (n = 77) Quetiapine (n = 77) Statistic p

BMI (kg/m2), Mean ± SD 22.67 ± 1.56 22.67 ± 1.60 22.72 ± 1.51 22.62 ± 1.60 F = 0.07 0.928
Dementia_duration(years), Mean ± SD 4.36 ± 1.65 4.36 ± 1.64 4.32 ± 1.67 4.41 ± 1.65 F = 0.06 0.940
Age (years), M (Q1, Q3) 79.00 (74.00, 84.50) 79.00 (75.00, 85.00) 79.00 (74.00, 83.00) 79.00 (74.00, 85.00) H = 0.49 0.783
SII index, M (Q1, Q3) 926.90 (518.85, 1447.52) 1013.48 (514.58, 1486.51) 926.90 (518.97, 1413.64) 920.00 (521.84, 1455.04) H = 0.08 0.961
HbA1c admission (%) M (Q1, Q3) 5.70 (5.50, 6.80) 5.70 (5.50, 6.80) 5.70 (5.50, 6.80) 5.70 (5.50, 6.50) H = 0.05 0.977
FBG admission (mmol/L), M (Q1, Q3) 5.40 (5.30, 7.40) 5.30 (5.30, 7.40) 5.40 (5.30, 7.50) 5.40 (5.30, 7.20) H = 0.21 0.899
MMSE admission (score), M (Q1, Q3) 17.00 (12.00, 19.00) 17.00 (12.00, 19.00) 17.00 (12.00, 19.00) 17.00 (12.00, 19.00) H = 0.04 0.981
SAPS admission (score), M (Q1, Q3) 35.00 (30.00, 39.00) 34.00 (30.00, 39.00) 35.00 (30.00, 39.00) 35.00 (31.00, 38.00) H = 0.48 0.788
Gender, n(%) χ2 = 0.03 0.983

Female 115 (49.78) 38 (49.35) 39 (50.65) 38 (49.35)
Male 116 (50.22) 39 (50.65) 38 (49.35) 39 (50.65)

Dementia type, n(%) χ2 = 0.06 1.000
AD 167 (72.29) 56 (72.73) 56 (72.73) 55 (71.43)
VaD 43 (18.61) 14 (18.18) 14 (18.18) 15 (19.48)
Mixed 21 (9.09) 7 (9.09) 7 (9.09) 7 (9.09)

Dementia severity, n(%) χ2 = 0.14 0.998
Mild 49 (21.21) 16 (20.78) 17 (22.08) 16 (20.78)
Moderate 112 (48.48) 38 (49.35) 36 (46.75) 38 (49.35)
Severe 70 (30.30) 23 (29.87) 24 (31.17) 23 (29.87)

Residence status, n(%) χ2 = 0.16 0.922
Institution 71 (30.74) 23 (29.87) 25 (32.47) 23 (29.87)
Community/Home 160 (69.26) 54 (70.13) 52 (67.53) 54 (70.13)

History of hypertension, n(%) χ2 = 0.04 0.981
No 83 (35.93) 28 (36.36) 27 (35.06) 28 (36.36)
Yes 148 (64.07) 49 (63.64) 50 (64.94) 49 (63.64)

History of diabetes, n(%) χ2 = 0.30 0.860
No 167 (72.29) 56 (72.73) 54 (70.13) 57 (74.03)
Yes 64 (27.71) 21 (27.27) 23 (29.87) 20 (25.97)
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Table 1. Continued.

Variables Total (n = 231) Risperidone (n = 77) Olanzapine (n = 77) Quetiapine (n = 77) Statistic p

History of CHD, n(%) χ2 = 0.16 0.921

No 161 (69.70) 55 (71.43) 53 (68.83) 53 (68.83)

Yes 70 (30.30) 22 (28.57) 24 (31.17) 24 (31.17)

History of stroke, n(%) χ2 = 0.04 0.978

No 169 (73.16) 56 (72.73) 57 (74.03) 56 (72.73)

Yes 62 (26.84) 21 (27.27) 20 (25.97) 21 (27.27)

History of COPD, n(%) χ2 = 0.07 0.967

No 196 (84.85) 66 (85.71) 65 (84.42) 65 (84.42)

Yes 35 (15.15) 11 (14.29) 12 (15.58) 12 (15.58)

Swallowing dysfunction, n(%) χ2 = 0.16 0.922

No 160 (69.26) 54 (70.13) 52 (67.53) 54 (70.13)

Yes 71 (30.74) 23 (29.87) 25 (32.47) 23 (29.87)

Platelet_admission (× 109/L), Mean ± SD 240.42 ± 30.75 238.74 ± 31.69 241.14 ± 29.51 241.36 ± 31.34 F = 0.17 0.843

Neutrophil admission (× 109/L), M (Q1, Q3) 5.60 (4.32, 6.80) 5.80 (4.30, 6.80) 5.60 (4.30, 6.60) 5.52 (4.32, 6.82) H = 0.36 0.836

Lymphocyte admission (× 109/L), M (Q1, Q3) 1.45 (1.10, 1.92) 1.45 (1.10, 1.90) 1.45 (1.15, 1.95) 1.48 (1.12, 1.92) H = 0.44 0.802

Monocyte admission (× 109/L), M (Q1, Q3) 0.44 (0.40, 0.47) 0.44 (0.40, 0.48) 0.44 (0.40, 0.47) 0.43 (0.40, 0.47) H = 0.08 0.963

MLR index, M (Q1, Q3) 0.27 (0.22, 0.43) 0.27 (0.22, 0.43) 0.27 (0.22, 0.43) 0.27 (0.22, 0.42) H = 0.38 0.827

Albumin admission (g/L), M (Q1, Q3) 38.00 (34.50, 40.00) 38.00 (34.20, 40.00) 38.10 (34.50, 40.10) 38.00 (34.00, 40.00) H = 0.80 0.670

Serum creatinine admission (µmol/L), M (Q1, Q3) 78.00 (74.00, 92.30) 78.00 (74.00, 92.00) 78.20 (74.20, 92.10) 78.00 (74.00, 92.50) H = 0.36 0.836

Education years, M (Q1, Q3) 9.00 (6.00, 12.00) 9.00 (6.00, 12.00) 9.00 (6.00, 12.00) 9.00 (6.00, 12.00) H = 0.92 0.631

Note: F, Analysis of Variance (ANOVA); H, Kruskal–Wallis test; χ2, chi-square test; SD, standard deviation; M, median; Q1, 1st Quartile; Q3, 3rd Quartile. Abbreviations: BMI,
Body Mass Index; SII, Systemic Immune-Inflammation Index; MLR, Monocyte-to-Lymphocyte Ratio; FBG, Fasting Blood Glucose; HbA1c, Glycated Hemoglobin; SAPS, Scale for
the Assessment of Positive Symptoms; MMSE, Mini-Mental State Examination; COPD, Chronic Obstructive Pulmonary Disease; CHD, Coronary Heart Disease. Dementia severity was
categorized according to admission MMSE score as mild (21–25), moderate (15–20), or severe (≤ 14) cognitive impairment.
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Table 2. Within-group changes in psychiatric symptoms, cognitive function, and fasting blood glucose from admission to
discharge.

Variables Group Admission Discharge Wilcoxon signed-rank test
statistic

p

Risperidone 5.30 (5.30, 7.40) 5.80 (5.50, 7.10) 239.00 <0.001
FBG Olanzapine 5.40 (5.30, 7.50) 6.30 (5.80, 7.20) 136.00 <0.001

Quetiapine 5.40 (5.30, 7.20) 5.80 (5.50, 6.80) 258.50 <0.001
H 0.21 9.01
p 0.899 0.011

Risperidone 17.00 (12.00, 19.00) 17.00 (12.00, 19.00) 563.00 0.272
MMSE Olanzapine 17.00 (12.00, 19.00) 17.00 (12.00, 18.00) 680.50 0.004

Quetiapine 17.00 (12.00, 19.00) 17.00 (15.00, 19.00) 363.00 0.262
H 0.04 1.09
p 0.981 0.579

Risperidone 34.00 (30.00, 39.00) 19.00 (17.00, 21.00) 3003.00 <0.001
SAPS Olanzapine 35.00 (30.00, 39.00) 22.00 (21.00, 24.00) 3003.00 <0.001

Quetiapine 35.00 (31.00, 38.00) 27.00 (26.00, 29.00) 2704.00 <0.001
H 0.48 171.84
p 0.788 <0.001

Note: H, Kruskal–Wallis test. Abbreviations: SAPS, Scale for the Assessment of Positive Symptoms; FBG, fasting blood glucose; MMSE,
Mini-Mental State Examination.

with no significant differences observed for the other com-
parisons. There were significant differences in FBG change
scores among the three groups (p = 0.002). Dunn’s post-hoc
comparison showed that the increase in blood glucose lev-
els in the olanzapine group was greater than those in the
risperidone group (p = 0.008) and the quetiapine group (p
= 0.004).

Association Between Baseline SII and Treatment Response

Fig. 1 illustrates the positive correlation between the
rate of SAPS score reduction and baseline SII in the risperi-
done group (r = 0.863, p < 0.001). Olanzapine and queti-
apine both showed negative correlations of different mag-
nitudes (r = –0.513 and r = –0.368, both p < 0.001).

Multivariable Regression and Dose–response Analysis

In the multivariable linear regression model, standard-
ised SII remained significantly associated with SAPS re-
duction rate after adjustment for demographic and clin-
ical covariates (β = –4.60, 95% CI: –7.45 to –1.75, p
= 0.002; Table 4). Additionally, RCS analysis revealed
a clearly nonlinear relationship between baseline SII and
symptomatic change (p for nonlinearity = 0.001; Fig. 2).

The model describes the association between the SII
and SAPS reduction rate, adjusted for all covariates listed

in Table 4. The solid line represents the estimated fitted val-
ues, and the shaded region represents the 95% confidence
interval. Knots were placed at the 10th, 50th, and 90th per-
centiles based on the Bayesian Information Criterion (BIC).

Interaction and Subgroup Analyses

In the multivariable interaction model with risperi-
done as the reference group, standardised SII was posi-
tively associated with SAPS reduction rate in the risperi-
done group (β = 0.05, 95% CI: 0.02 to 0.08, p < 0.001).
Compared to the risperidone group, the SII slopewas signif-
icantly lower in the olanzapine group (interaction β = –0.16,
95% CI: –0.19 to –0.13, p < 0.001) and in the quetiapine
group (interaction β = –0.14, 95% CI: –0.17 to –0.11, p <

0.001). The overall interaction test confirmed a significant
effect modification by treatment group (p for interaction <
0.001) (Table 5).

Among patients in the high-SII subgroup, the SAPS
reduction rate differed across treatment groups, with the
risperidone group showing the highest reduction rate (Ta-
ble 6). In patients with low baseline SII, the difference
in SAPS reduction rates between treatment groups was
smaller. The number of days required to achieve clini-
cal stabilisation also varied among treatment groups. In
the high-SII subgroup, patients in the risperidone group
reached clinical stabilisation earlier than those in the olan-
zapine or quetiapine groups.
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Table 3. Post-hoc pairwise comparisons of discharge-minus-admission clinical change scores among treatment groups.

Variables
Total

(n = 231)
Risperidone
(n = 77)

Olanzapine
(n = 77)

Quetiapine
(n = 77)

Kruskal–
Wallis test

p
Post-hoc Dunn Test

(p adjusted)

FBG fluctuation,
(Dis-Adm)

0.50 (0.20,
0.75)

0.50 (0.20,
0.70)

0.70 (0.20,
1.10)

0.40 (0.20,
0.70)

12.90 0.002 Risp vs Ola (0.008); Risp
vs Que (0.829); Ola vs

Que (0.004)
MMSE change,
(Dis-Adm)

0.00 (–1.00,
0.00)

0.00 (–1.00,
0.00)

0.00 (–1.00,
0.00)

0.00 (–1.00,
1.00)

6.36 0.042 Risp vs Ola (0.533); Risp
vs Que (0.723); Ola vs

Que (0.035)
SAPS change,
(Dis-Adm)

–11.00
(–16.00,
–7.00)

–16.00
(–20.00,
–11.00)

–11.00
(–17.00,
–8.00)

–7.00
(–11.00,
–3.00)

67.18 <0.001 Risp vs Ola (0.004); Risp
vs Que (<0.001); Ola vs

Que (<0.001)

Note: Abbreviations: SAPS, Scale for the Assessment of Positive Symptoms; FBG, fasting blood glucose; MMSE, Mini-Mental State Examina-
tion; Adm, admission; Dis, discharge; Risp, risperidone; Ola, olanzapine; Que, quetiapine; vs, versus. For post-hoc multiple comparisons, Dunn’s
test with Holm adjustment was used for nonparametric pairwise comparisons. Negative SAPS change values indicate symptom improvement.

Fig. 1. Correlation analysis between baseline SII and SAPS reduction rate. (A: Risperidone, Spearman’s correlation coefficient r
= 0.863, p < 0.001; B: Olanzapine, Spearman’s correlation coefficient r = –0.513, p < 0.001; C: Quetiapine, Spearman’s correlation
coefficient r = –0.368, p = 0.001. These analyses describe the direction of associations within treatment groups and are presented for
exploratory purposes.)

Fig. 2. Dose-response relationship between SII and therapeutic efficacy using Restricted Cubic Spline (RCS) regression.
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Table 4. Multivariable linear regression analysis of the association between standardised SII and SAPS reduction rate.
Variables S.E t p β (95%CI)

SII index stand group 1.45 –3.17 0.002 –4.60 (–7.45 to –1.75)
Risperidone 0.00 (Reference)
Olanzapine 1.94 –5.38 <0.001 –10.44 (–14.24 to –6.64)
Quetiapine 1.92 –13.31 <0.001 –25.60 (–29.37 to –21.83)
Gender

Female 0.00 (Reference)
Male 1.64 1.26 0.209 2.06 (–1.15 to 5.26)

Dementia type
AD 0.00 (Reference)
VaD 2.37 –0.47 0.640 –1.11 (–5.76 to 3.54)
Mixed 3.63 0.88 0.379 3.20 (–3.91 to 10.32)

Residence status
Institution 0.00 (Reference)
Community/Home 4.10 –0.94 0.351 –3.84 (–11.88 to 4.20)
History of hypertension

No 0.00 (Reference)
Yes 3.21 –0.84 0.400 –2.71 (–8.99 to 3.58)

History of diabetes
No 0.00 (Reference)
Yes 2.22 0.72 0.471 1.61 (–2.75 to 5.96)

History of CHD
No 0.00 (Reference)
Yes 2.23 –1.9 0.059 –4.24 (–8.61 to 0.13)

History of stroke
No 0.00 (Reference)
Yes 3.86 0.08 0.933 0.32 (–7.24 to 7.89)

History of COPD
No 0.00 (Reference)
Yes 3.74 –1.37 0.171 –5.14 (–12.47 to 2.19)

Swallowing dysfunction
No 0.00 (Reference)
Yes 2.51 –1.21 0.228 –3.04 (–7.96 to 1.88)

Age 0.27 –0.13 0.893 –0.04 (–0.57 to 0.50)
BMI 1.08 –1.63 0.105 –1.76 (–3.87 to 0.36)
Dementia duration 1.12 –0.17 0.868 –0.19 (–2.38 to 2.01)
MMSE admission 0.69 –1.34 0.183 –0.92 (–2.27 to 0.43)
AD, Alzheimer’s disease; VaD, vascular dementia; CHD, Coronary Heart Disease; COPD, Chronic Obstructive Pulmonary Disease; BMI,
Body Mass Index; MMSE, Mini-Mental State Examination.

Table 5. Multivariable interaction analysis of baseline standardised SII and treatment group for SAPS reduction rate.
Variables β 95% CI p

Standardized SII (slope in risperidone group) 0.05 0.02 to 0.08 <0.001
Standardized SII × Olanzapine (vs risperidone) –0.16 –0.19 to –0.13 <0.001
Standardized SII × Quetiapine (vs risperidone) –0.14 –0.17 to –0.11 <0.001
Overall p for interaction — — <0.001

Note: The outcome variable was SAPS reduction rate. SII was Z-score standardised. Risperidone was used as the reference group. The
coefficient for standardised SII represents the slope of SII in the risperidone group, whereas the interaction terms represent the difference in
the SII slope between the given treatment group and the risperidone group. The model was adjusted for age, sex, dementia type, residential
status, history of hypertension, diabetes, coronary heart disease, stroke, chronic obstructive pulmonary disease, swallowing dysfunction,
BMI, dementia duration, and admission MMSE score.
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Table 6. Subgroup analysis of therapeutic efficacy and safety outcomes stratified by baseline SII levels.

Subgroup Variables Total Risperidone Olanzapine Quetiapine Statistic p

Low-SII SAPS_reduction_rate, Mean ± SD 0.32 ± 0.13 0.37 ± 0.10 0.38 ± 0.09 0.21 ± 0.12 F = 30.93 <0.001

FBG fluctuation, M (Q1, Q3) 0.20 (–0.10, 0.30) 0.20 (–0.18, 0.30) 0.25 (0.20,1.32) 0.20 (–0.15, 0.30) χ2 = 9.83# 0.007

Days to stabilization, M (Q1, Q3) 6.00 (6.00, 7.00) 5.00 (5.00, 6.00) 7.00 (6.00, 7.00) 7.00 (6.00, 7.00) χ2 = 45.02# <0.001

High-SII SAPS_reduction_rate, Mean ± SD 0.32 ± 0.19 0.51 ± 0.08 0.29 ± 0.12 0.15 ± 0.14 F = 89.70 <0.001

FBG fluctuation, M (Q1, Q3) 0.70 (0.60, 1.10) 0.70 (0.60,0.85) 0.70 (0.60, 1.10) 0.70 (0.50, 0.88) χ2 = 2.62# 0.270

Days to stabilization, M (Q1, Q3) 7.00 (4.00, 8.00) 4.00 (4.00,4.00) 8.00 (7.00, 8.00) 8.00 (7.00, 9.00) χ2 = 62.10# <0.001

Note: Patients were stratified into Low SII (< 926.9) and High SII (≥ 926.9) subgroups. Abbreviations: FBG, Fasting Blood Glucose; SAPS,
Scale for the Assessment of Positive Symptoms. F, ANOVA; #, Kruskal–Wallis test; SD, standard deviation; M, median; Q1, 1st Quartile; Q3,
3rd Quartile.

Table 7. Comparison of safety profiles and adverse events among the three treatment groups.
Variables Total (n = 231) Risperidone (n = 77) Olanzapine (n = 77) Quetiapine (n = 77) Statistic p

New onset pneumonia, n (%) χ2 = 0.16 0.924
No 183 (79.22) 61 (79.22) 62 (80.52) 60 (77.92)
Yes 48 (20.78) 16 (20.78) 15 (19.48) 17 (22.08)

EPS, n (%) χ2 = 24.89 <0.001
No 214 (92.64) 62 (80.52) 76 (98.70) 76 (98.70)
Yes 17 (7.36) 15 (19.48) 1 (1.30) 1 (1.30)

Falls and bed drops, n (%) χ2 = 0.70 0.704
No 209 (90.48) 71 (92.21) 68 (88.31) 70 (90.91)
Yes 22 (9.52) 6 (7.79) 9 (11.69) 7 (9.09)

Note: χ2, chi-square test. Falls and bed drops included any recorded incidents during the hospitalisation period. Abbreviations: EPS, Extrapyra-
midal Symptoms (including tremor, rigidity, and akathisia).

Safety Outcomes

There were no significant differences in the incidence
of new-onset pneumonia or falls among the three treatment
groups. However, the incidence of extrapyramidal symp-
toms was higher in the risperidone group (19.48%) com-
pared to the olanzapine and quetiapine groups (1.30% each)
(p < 0.001) ((Table 7)).

Further safety analyses stratified by baseline SII
within each treatment group showed that, after Holm ad-
justment for multiple comparisons, patients with high base-
line SII had consistently higher rates of new-onset pneumo-
nia across all three antipsychotic groups. The excess risk
of extrapyramidal symptoms associated with high SII was
mainly observed in the risperidone group, whereas no sig-
nificant subgroup differencewas observed in the olanzapine
or quetiapine groups. No significant SII-related difference
was observed for falls or other bed-related accidents within
any treatment group (Supplementary Table 1).

Discussion

In this retrospective cohort study of elderly patients
with BPSD, we investigated whether baseline systemic
inflammatory status was associated with differences in
short-term response among commonly used atypical an-
tipsychotics. Our findings suggest that baseline SII was
differentially associated with short-term symptom change
among the three treatment groups. In exploratory sub-
group analyses, patients with higher inflammatory burden
showed a more favorable short-term symptomatic response
pattern in the risperidone group, whereas differences be-
tween drugs appeared smaller in patients with lower SII
levels. These findings suggest heterogeneity in treatment-
associated response patterns rather than providing defini-
tive drug-selection guidance.

The observed interactions between SII and drug
classes in this study may be interpreted hypothetically from
the perspective of immune-dopamine interactions. Sys-
temic inflammation increases blood-brain barrier perme-
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ability and activates central microglia, thereby altering
monoaminergic neurotransmission (including dopaminer-
gic signaling) [18,19]. In such a hyperinflammatory state,
pro-inflammatory cytokines may alter dopamine synthesis,
release, and availability [18,20]. Second, from a pharma-
cological perspective, risperidone exhibits relatively higher
D2 receptor affinity and occupancy, while quetiapine is
characterised by rapid dissociation and lower D2 recep-
tor binding affinity [21,22]. In the presence of stronger
inflammation and dopaminergic activity, these differences
may be more pronounced, resulting in a more robust re-
sponse to risperidone in patients with elevated SII. In pa-
tients with lower baseline inflammation, this mechanism
and pharmacological difference may be masked. However,
these biological interpretations were not directly examined
in the present study and should be considered hypothesis-
generating.

Although risperidone was associated with a more
favourable short-term symptom pattern in patients with el-
evated SII, this favourable pattern was accompanied by
a higher rate of extrapyramidal symptoms. In addition,
new-onset pneumonia was common in the overall cohort,
and, according to exploratory stratified analyses, was more
frequent in patients with elevated baseline SII across all
three treatment groups. These findings highlight the impor-
tance of balancing efficacy with safety, especially for pa-
tients with pre-existing swallowing dysfunction. This is be-
cause antipsychotic-related dysphagia, extrapyramidal ef-
fects and sedation can increase the risk of choking and aspi-
ration pneumonia [23,24]. Another notable finding was that
the SAPS and FBG changed significantly during hospitali-
sation, whereas the MMSE showed little overall short-term
change. This pattern suggests that short-term antipsychotic
treatmentmay alleviate acute psychosis-related behavioural
symptoms without conferring a measurable short-term cog-
nitive benefit.

Taken together, our findings suggest that baseline in-
flammatory burden may be clinically relevant to the het-
erogeneous response and safety patterns observed across
antipsychotic groups. Rather than serving as a standalone
predictor or a prescribing tool, SII may help identify pa-
tient subgroups suitable for further prospective evaluation.
Based on this premise, we propose the following two clini-
cal recommendations: (1) Stratified screening: incorporate
SII calculation into routine admission assessments. For pa-
tients with elevated SII levels who do not present with sig-
nificant dysphagia, risperidone may be the preferred agent
for achieving rapid symptom control; and (2) De-escalation
strategy: for patients with lower SII levels, the selection of
quetiapine or olanzapine—agents with superior metabolic
and safety profiles—may yield greater clinical benefit.

This study has several limitations. Firstly, despite
the use of reference-group matching and multivariable ad-
justment, the retrospective and non-randomised design im-
plies that residual confounding factors cannot be ruled out,
meaning that it is not possible to draw conclusions about
cause and effect. Unmeasured factors such as antipsychotic
dosage, non-pharmacological interventions, caregiver bur-
den, and baseline functional status may have influenced
both efficacy and safety outcomes. Secondly, SAPS was
used as a pragmatic proxy for psychosis-related symptoms
rather than as a dementia-specific, validated BPSD instru-
ment, and it should not be directly extrapolated to the full
spectrum of BPSD. Similarly, “clinical stabilisation” was
defined as a practical inpatient outcome derived from med-
ical records rather than independently validated, standard-
ised external instruments. This limitation may reduce the
generalisability of the findings. Thirdly, only baseline SII
was analysed, and the median SII cutoff point used for sub-
group stratification was exploratory in nature rather than
clinically validated. Fourthly, the safety stratification anal-
yses were exploratory and based on relatively low event
counts. Finally, as this was a single-centre study, the gen-
eralisability of its findings is limited. Prospective studies
with 6–12 months of follow-up are needed in the future to
determine whether inflammation-related subgroup differ-
ences are associated with sustained symptom control, re-
lapse risk, and longer-term safety outcomes.

Conclusions

This study identified a significant interaction between
baseline systemic inflammatory status and short-term an-
tipsychotic response patterns in hospitalized patients with
BPSD. Patients with an elevated SII may benefit more from
risperidone treatment, although this should be balanced
against a higher incidence of complications. These findings
suggest that SII could serve as a readily available stratifica-
tion indicator. However, the optimal stratification thresh-
old remains to be determined, and large-scale, multicentre,
prospective validation is required before SII can be used to
inform prescription decisions.

Availability of Data and Materials

The data that support the findings of this study are
available from the corresponding author upon reasonable
request.
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