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Abstract: Objective: To evaluate the preventive effect of dipeptidyl peptidase-4 inhibitors (DPP-4i) on post-stroke
cognitive impairment (PSCI) in patients with type 2 diabetes mellitus (T2DM) and concurrent acute ischemic stroke
(AIS). Methods: A retrospective cohort study was conducted on 236 patients with T2DM+AIS recruited from April
2021 to October 2024. Patients were grouped based on DPP-4i use: an observation group (107 cases) with DPP-4i
therapy and a control group (129 cases) without. Patients’ baseline demographics, clinical features, laboratory in-
dices, and follow-up data were extracted from the electronic medical record system. The primary outcome measure
was the incidence of PSCI, defined as a Montreal Cognitive Assessment Scale (MoCA) score <26 at six months
after AIS. Secondary outcomes included inflammatory cytokines, oxidative stress markers, neuroprotective factors
(BDNF), glycemic metabolism indicators, and life quality [Barthel Index (Bl), Functional Independence Measure
(FIM), and Instrumental Activities of Daily Living (IADL)]. Results: At 6 months after AIS, the incidence of PSCI was
significantly lower in the observation group than in the control group (P<0.05). Furthermore, inflammatory and oxi-
dative stress marker levels were decreased whereas BDNF level was significantly elevated in the observation group
compared to the control group (all P<0.05). According to the quality-of-life assessment, patients receiving DPP-4i
had higher BI, FIM, and IADL scores (P<0.05), along with a lower all-cause readmission rate (P<0.05). Subgroup
analysis indicated that different DPP-4i types (e.g., sitagliptin, saxagliptin) had consistent cognitive protective ef-
fects (P>0.05). Conclusion: DPP-4i can lower PSCI risk in T2DM+AIS patients. Its mechanism involves multi-dimen-
sional effects like anti-inflammation, anti-oxidation, insulin sensitivity enhancement, and neuroprotection.
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Introduction

Post-stroke cognitive impairment (PSCI) is a
common and disabling complication of acute
ischemic stroke (AIS). Approximately 30% to
50% of patients experience cognitive function
decline within 6 months after AIS, manifested
by memory impairment and executive dysfunc-
tion among others, which significantly compro-
mises independent living ability and long-term
quality of life [1, 2]. For AIS patients with type 2
diabetes mellitus (T2DM), hyperglycemia can
further increase PSCI risk through mechanisms
such as aggravating neuronal oxidative stress,

amplifying neuroinflammation, and promoting
cerebral amyloid deposition [3]. Currently, PSCI
management mainly relies on traditional drugs
such as cholinesterase inhibitors. However,
effective preventive strategies for the high-risk
population with concomitant T2DM and AIS
remain limited [4].

In recent years, dipeptidyl peptidase-4 inhibi-
tors (DPP-4i) have attracted increasing interest
because of their pleiotropic effects beyond gly-
cemic control [5]. Experimental studies have
demonstrated that DPP-4i plays a neuroprotec-
tive role by inhibiting inflammatory cytokines
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(ICKs) release, improving endothelial function,
and up-regulating brain-derived neurotrophic
factor (BDNF) expression [6]. Animal experi-
ments further suggest its ability to attenuate
the apoptosis of hippocampal neurons after
AIS [7]. Nonetheless, existing studies mostly
focused on the short-term effect of DPP-4i on
post-AlS glycemic control [8, 9], or on isolated
neurological outcomes, such as motor func-
tion. Real-world evidence evaluating their effect
on PSCI, particularly in patients with concurrent
T2DM and AIS, remains limited.

This study comprehensively investigated the
preventive effect of DPP-4i on PSCI in T2DM
patients with AIS through a retrospective cohort
design. By focusing on this high-risk population
with concurrent T2DM and AlS, this study aimed
to address an important gap in PSCI prevention
research. Elucidating the role of DPP-4i in
reducing the risk of PSCI may support a dual-
benefit therapeutic strategy, hypoglycemic con-
trol and neuroprotection, for the comprehen-
sive management of T2DM patients with AIS,
facilitating earlier intervention for cognitive
decline after AIS and improving long-term prog-
nosis and quality of life.

Materials and methods
Study participants

This single-center, retrospective cohort study
enrolled patients with T2DM complicated by
AIS who were admitted to The Second People’s
Hospital of Changzhou between April 2021 and
October 2024.

Inclusion criteria: age >50 years; first-onset AIS
diagnosed by cranial CT; confirmed T2DM [10];
no cognitive impairment upon admission, with
a Montreal Cognitive Assessment Scale (MoCA)
[11] score 226 (adjusted for years of education:
illiteracy <25, primary school <26, middle
school or above >27); receipt of standardized
secondary prevention of AIS (e.g., anti-platelet
aggregation, statins, blood pressure/glycemic
control) during hospitalization; availability of
complete 6 month follow-up data.

Exclusion criteria: pre-AlS diagnosis of demen-
tia; severe hepatorenal insufficiency; history of
malignancies and mental illness; death or loss
of follow-up during hospitalization; concurrent
use of drugs that could interfere with cognition;
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cumulative DPP-4i treatment period <7 days
during hospitalization.

After screening, 236 participants were finally
included. Among them, 107 patients who re-
ceived DPP-4i therapy during hospitalization
were assigned to the observation group, while
the remaining 129 patients who did not receive
DPP-4i treatment constituted the control group.
This study was approved by the Ethics Commi-
ttee of The Second People’s Hospital of Chang-
zhou (Approval No. [2025]YLJSA0G9). Given
the retrospective nature and anonymization of
the patient data, informed consent was waived.

Treatment methods

After admission, all patients received second-
ary preventive treatment for AlS, including anti-
platelet aggregation (aspirin 100 mg once daily
or clopidogrel 75 mg once daily), lipid-lowering
therapy with statins (atorvastatin 20-40 mg
once nightly), blood pressure control (<140/90
mmHg), and glycemic control (glycated hemo-
globin [HbAlc] <7.0%). Patients in the observa-
tion group received DPP-4i treatment within 24
hours after AIS onset (i.e., after admission),
with specific regimens based on clinical prac-
tice (sitagliptin 200 mg once daily, saxagliptin 5
mg once daily, or linagliptin 5 mg once daily). All
patients in the observation group continued
DPP-4i treatment without interruption through-
out the 6-month follow-up period. Those who
discontinued DPP-4i treatment due to adverse
were excluded prior to analysis.

Data acquisition

Patient data were retrieved from the electronic
medical record system, including demogra-
phic data (age, sex, years of education), clinical
characteristics (TOAST classification, National
Institutes of Health Stroke Scale [NIHSS] score,
infarction location and volume, time from on-
set to hospital admission), comorbidities (e.g.,
hypertension, coronary heart disease), and lab-
oratory indicators(e.g., HbAlc, fasting plasma
glucose at admission and discharge). All pa-
tients completed 6-month follow-up without
dropout.

Primary outcome

The risk of PSCI served as the primary out-
come. MoCA scores were evaluated at baseline
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and 6 months after treatment. The incidence of
PSCI at 6 months after AIS was calculated,
defined as a MoCA score <26 points (adjusted
for years of education).

Secondary outcomes

Laboratory indicators, including HbAlc, FPG,
interleukin-6 (IL-6), tumor necrosis factor-o
(TNF-a0), high-sensitivity C-reactive protein (hs-
CRP), superoxide dismutase (SOD), malondial-
dehyde (MDA), and BDNF, were measured using
enzyme-linked immunosorbent assay (ELISA)
at baseline and the 6-month follow-up. The ho-
meostasis model assessment of insulin resis-
tance (HOMA-IR) was calculated according to
the formula: HOMA-IR = [fasting blood glucose
(mmol/L) x fasting insulin (ulU/mL)]/22.5. Fast-
ing insulin (FINS) levels were detected simulta-
neously at baseline and 6-month follow-up. At
the final follow-up visit, functional outcomes
and quality of life were evaluated using the
Barthel Index (Bl) [12], Functional Independen-
ce Measure (FIM) [13], and Instrumental Acti-
vities of Daily Living (IADL) scale [14]. In addi-
tion, stroke recurrence, mortality, and all-cause
readmission rates during the follow-up were
also recorded.

Quality control

Relevant data were independently extracted by
two investigators, with any discrepancies re-
solved through discussion with a third investi-
gator. To minimize assessment bias, trained
neuropsychologists who were blinded to DPP-4i
use were responsible for MoCA assessment
(using the standardized version). Similarly, Bl,
FIM, and IADL assessments were conducted by
dedicated rehabilitation therapists who were
blinded to DPP-4i use.

Statistical methods

All statistical analyses were performed using
SPSS 32.0. Categorical variables were expres-
sed as [n (%)] and compared using chi-square
test or Fisher’s exact test (count <5). Continu-
ous variables were first assessed for norma-
lity using the Shapiro-Wilk test. Data with nor-
mal distribution were presented as mean *
standard deviation (mean + SD) and were com-
pared using independent sample t-tests for
between-group comparisons and paired t-tests
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for within-group comparisons. Data with ske-
wed distribution were expressed as median
(25th-75th percentile) [M (P25, P75)] and were
analyzed using the Mann-Whitney U test for
between-group comparisons and the Wilco-
xon signed-rank tests for within-group com-
parisons. Statistical significance was set at
P<0.05.

Results
Baseline characteristics

There were no significant inter-group differenc-
es in demographic variables, clinical features,
comorbidities, or baseline laboratory indicators
between the two groups (P>0.05), indicating
good comparability and minimal influences of
confounding factors (Table 1). All patients com-
pleted the prognostic follow-up without missing
data.

PSCI incidence

Baseline MoCA scores were comparable bet-
ween the two groups (P>0.05). At 6 months
after treatment, MoCA scores decreased in
both groups compared to baseline, with a sig-
nificantly greater reduction in the control gro-
up (P<0.05). In addition, the incidence of
PSCI at post-treatment 6 months in the obser-
vation group was 19.63%, significantly lower
than 31.78% in the control group (P<0.05,
Table 2).

Subgroup analysis of DPP-4i

Patients in the observation group were fur-
ther stratified according to the specific DPP-4i
agent they received. Subgroup analysis demon-
strated no significant difference in cognitive
outcomes among different DPP-4i types (e.g.,
sitagliptin, saxagliptin), suggesting comparable
cognitive protective effects across agents
(P>0.05, Table 3).

Dynamic changes in glycemic metabolism and
insulin sensitivity

After treatment, the HbAlc and FPG levels
decreased significantly in both groups com-
pared to baseline levels (P<0.05). Notably,
HOMA-IR decreased significantly in the obser-
vation group after treatment (P<0.05), whe-
reas no obvious change was observed in the
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Table 1. Comparison of baseline characteristics between the two groups

Observation group Control group

(n=107) (n=129) toryx? P value
Age 66.22+4.90 65.81+6.18 0.557 0.578
Sex, n (%) 0.703 0.402
Male 64 (59.81) 84 (65.12)
Female 43 (40.19) 45 (34.88)
BMI (kg/m?) 23.27+3.04 23.32+2.34 0.145 0.885
Duration of T2DM (years) 10.48+2.74 10.31+3.21 0.424 0.672
Time from AIS onset to hospital admission (h) 17.2947.13 18.4445.22 1.601 0.111
Years of education, n (%)
Illiteracy 6 (5.61) 8 (6.20)
Primary school 68 (63.55) 79 (61.27)
Secondary school and above 33(30.84) 42 (32.56)
Smoking, n (%) 0.936 0.333
Yes 76 (71.03) 84 (65.12)
No 31 (28.97) 45 (34.88)
Alcohol consumption, n (%) 0.784 0.375
Yes 26 (24.30) 38 (29.46)
No 81 (75.70) 91 (70.54)
Family History of AIS, n (%) 0.014 0.907
Yes 16 (14.95) 20 (15.50)
No 91 (85.05) 109 (84.50)
Note: BMI, body mass index; AIS, acute ischemic stroke; T2DM, type 2 diabetes mellitus.
Table 2. Comparison of MoCA scores and PSCI incidence between the two groups
MoCA scores
Baseline Post-treatment Psc
Observation group (n=107) 28.12+1.37 26.68+3.01% 21 (19.63)
Control group (n=129) 28.03+1.40 25.67+3.58% 41 (31.78)
Statistical (t or x?) 0.498 2.332 4.463
P 0.619 0.021 0.035

Note: #P<0.05, compared with baseline. PSCI, post-stroke cognitive impairment; MoCA, Montreal Cognitive Assessment Scale.

Table 3. Comparison of MoCA scores stratified by different DPP-4i agents

MoCA scores
- PSCI
Baseline Post-treatment

Sitagliptin (n=54) 28.22+1.48 27.13+2.58" 12 (22.22)
Saxagliptin (n=31) 28.23+1.36 26.37+3.58% 6 (19.35)
Linagliptin (n=22) 28.02+1.35 26.67+2.85* 3(13.64)
Statistical (F or x?) 0.304 0.417 0.733
P 0.739 0.660 0.693

Note: #P<0.05, compared with baseline. DPP-4i, dipeptidyl peptidase-4 inhibitors; PSCI, post-stroke cognitive impairment;
MoCA, Montreal Cognitive Assessment Scale.

control group (P>0.05). After treatment, al- monstrated significantly lower FPG and HO-
though HbA1c differed insignificantly between MA-IR levels than the control group (P<0.05,
groups (P>0.05), the observation group de- Figure 1).
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Figure 1. Comparison of glucose metabolism profiles. A. HbAlc; B. FPG; C. HOMA-IR. Notes: #P<0.05, compared to
baseline; &P<0.05, compared to observation group. HbA1c, glycated hemoglobin Alc; FPG, fasting plasma glucose;

HOMA-IR, homeostasis model assessment of insulin resistance.

Comparison of neuroprotective effects and
inflammatory/oxidative stress markers

There were no significant differences in serum
indicators between the two groups at base-
line (P>0.05). Following treatment, levels of
inflammatory cytokines (ICKs) including IL-6,
TNF-a, and hs-CRP, were significantly decrea-
sed in both groups (P<0.05), indicating allevi-
ated inflammation. Concurrently, MDA levels
decreased while SOD increased in both groups
(P<0.05), indicating alleviated oxidative stress
damage. Additionally, serum BDNF levels were
significantly elevated, indicating neurological
function improvement.

Inter-group comparison at the 6-month follow-
up showed significantly reduced hs-CRP and
MDA levels, as well as increased BDNF and
SOD levels in the observation group compared
to the control group (P<0.05, Figure 2). These
findings indicate that DPP-4i administration
was associated with better neurological func-
tion enhancement and inflammation/oxidative
stress alleviation.

Comparison of quality of life

Quality of life was assessed using BI, FIM, and
IADL scores. At the 6-month follow-up, patients
in the observation group demonstrated higher
BI, FIM, and IADL scores than those in the con-
trol group (P<0.05, Figure 3), suggesting supe-
rior life quality.

Comparison of prognostic outcomes

There were no significant differences in recur-
rence or all-cause mortality rates between
the two groups (P>0.05). However, the observa-
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tion group showed an rehospitalization rate of
10.28%, significantly lower than 20.16% in the
control groups (P<0.05, Table 4).

Discussion

Employing a retrospective cohort design, this
study found that DPP-4i use was associated
with a lower risk of PSCI in patients with T2DM
and AIS. In addition, DPP-4i use was associated
with more favorable glucose control and anti-
inflammation and anti-oxidation effects, as well
as improved quality of life. Specifically, the inci-
dence of PSCI at 6 months after AIS was low-
er in the observation group, accompanied by
greater reductions in ICKs and oxidative stress
markers, as well as more evident increases in
BDNF and SOD. Functional assessments using
Bl, FIM, and IADL scales further indicated bet-
ter functional independence among patients in
the observation group. Moreover, a significantly
lower all-cause readmission rate was observed
in this group. Though not significantly different
in recurrence or mortality rates, the observa-
tion group demonstrated better rehabilitation
quality than the control group. These findings
lay a reliable foundation for clinical DPP-4i
applications.

Consistent with previous basic research, this
study also found that DPP-4i use was associat-
ed with a reduced risk of PSCI in patients with
T2DM complicated by AIS. In an animal study by
Huang et al., DPP-4i reduced glucagon-like pep-
tide-1 (GLP-1) degradation through suppression
of DPP-4 enzyme activity, thus activating the
PI3K/Akt signaling pathway and reducing hip-
pocampal neuronal apoptosis [15]. The pleio-
tropic effects of DPP-4i may be exerted through
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Figure 2. Comparison of neuroprotection effects and inflammatory/oxidative stress markers. A. IL-6; B. TNF-«; C. hs-
CRP; D. MDA; E. SOD; F. BDNF. Notes: #P<0.05, compared to baseline; &P<0.05, compared to observation group.
IL-6, iInterleukin-6; TNF-a, tumor necrosis factor-; hs-CRP, high-sensitivity C-reactive protein; SOD, superoxide dis-
mutase; MDA, malondialdehyde; BDNF, brain-derived neurotrophic factor.
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Figure 3. Comparison of quality-of-life scores. A. Bl; B. FIM scores; C. IADL scores. Notes: &P<0.05, compared to
observation group. BI, Barthel Index; FIM, Functional Independence Measure; IADL, Instrumental Activities of Daily
Living.

Table 4. Comparison of clinical outcomes between the two groups

Recurrence rate Mortality rate All-cause rehospitalization rate

Observation group (n=107), n (%) 10 (9.35) 4 (3.74) 11 (10.28)

Control group (n=129), n (%) 12 (9.30) 6 (4.65) 26 (20.16)

X2 0.001 0.120 4.314

P 0.991 0.729 0.038

the following pathways: (1) Anti-inflammation: sistent with the lower post-treatment hs-CRP
DPP-4i down-regulates systemic inflammatory levels observed in the observation group; (2)
responses by reducing hs-CRP, IL-6, and other Neuroprotection: Up-regulation of BDNF, pro-
pro-inflammatory cytokines [16], which is con- motes synaptic plasticity and neuronal survival
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[18]; (3) Attenuation of oxidative stress: DPP-4i
was associated with reduced MDA levels and
increased SOD activity, indicating an improve-
ment in oxidative stress status. Previous stud-
ies had suggested that DPP-4i may suppress
oxidative damage by inhibiting NADPH oxidase-
mediated free radical generation [19]. Although
previous studies had reported that DPP-4i can
improve cerebral blood flow [17], this study did
not measure cerebral blood flow or vascular
function indicators; therefore, this mechanism
cannot be directly validated. Notably, subgroup
analysis revealed no significant differences in
PSCI risk among different DPP-4i agents, sug-
gesting similar cognitive protective effects
across DPP-4i types. This discovery also fills
the evidence-based gap of cognitive preserva-
tion in this subgroup.

Regarding glycemic metabolism, although Hb-
Alc levels decreased in both groups after treat-
ment, no significant inter-group difference was
observed, indicating comparable overall glyce-
mic control. However, the observation group
showed lower FPG and HOMA-IR, suggesting
potential advantages of DPP-4i for improving
insulin sensitivity independent of HbAlc. No-
tably, the lower incidence of PSCI in the obser-
vation group despite comparable HbA1c levels
highlights the glycemic-independent neuropro-
tective effect of DPP-4i, which is consistent
with its pleiotropic properties. Previous studies
have demonstrated that DPP-4i exert glucose-
dependent hypoglycemic effects by delaying
gastric emptying and inhibiting glucagon secre-
tion, thereby reducing the risk of hypoglycemia
[20]. In addition, Bianchi et al. reported that
improved insulin resistance, as reflected by
lower HOMA-IR, an index closely related to AB
clearance disorders and tau protein phosphory-
lation, may reduce neurotoxicity [21]. Therefore,
we hypothesize that DPP-4i may also indirectly
protect cognitive function by improving insulin
resistance.

The significant improvement in Bl, FIM, and
IADL scores in the observation group also
reflects the protective effect of DPP-4i on the
overall functional outcomes. This may be relat-
ed to the following mechanisms: (1) Cognitive
preservation improves patients’ ability to per-
form daily activities; (2) Glucose homeostasis
reduces the occurrence of metabolic compli-
cations, such as infections; (3) Inflammation
reduction alleviates non-specific symptoms
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such as fatigue and depression. Among these,
the between-group difference in IADL scores
suggests that DPP-4i may be particularly asso-
ciated with the preservation of higher-order
cognitive functions required for complex daily
activities, such as financial management and
social activities.

Although no significant differences were ob-
served in stroke recurrence or mortality bet-
ween the two groups, the significantly lower
rehospitalization rate in the observation group
suggests that DPP-4i may reduce the risk of
cardiovascular events by improving metabolic
homeostasis and the immune microenviron-
ment. This aligns with previous evidence report-
ed by Sattar et al., showing that GLP-1 receptor
agonists (sharing partial overlapping mecha-
nisms with DPP-4i) can reduce the risk of car-
diovascular death in patients with T2DM [22].

Based on the results of this study, DPP-4i is
recommended as a preferred drug for second-
ary prevention in patients with T2DM compli-
cated with AIS, especially for those with hyper-
glycemia, elevated ICKs, or a high risk of cog-
nitive decline. Nevertheless, longer follow-up
periods are needed to further verify the long-
term effects of DPP-4i on clinical outcomes.

Although extensive efforts were made to adjust
for known confounding factors, due to the ret-
rospective design, unmeasured confounders,
such as diet and exercise habits may have influ-
enced the final results. In addition, the inclu-
sion of only 236 patients may limit the general-
izability of the findings. Objective indicators
such as MRI findings (e.g., hippocampal vol-
ume, white matter lesions) were not collected,
precluding direct correlation between neuro-
protective mechanisms and cognitive outco-
mes. Finally, although subgroup analyses dem-
onstrated consistent effects across different
DPP-4i agents, variations in pharmacokinetic
and pharmacodynamic properties, such as the
longer half-life of sitagliptin, may have affected
the universality of these conclusions.

Conclusions

DPP-4i intervention was associated with a
reduced risk of PSCI in patients with T2DM and
AIS. The mechanism involves the synergistic
actions of anti-inflammatory and antioxidant
effects, improved insulin sensitivity, and neu-
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roprotection. These findings not only provide
new evidence for the clinical application of
DPP-4i but also provide an important refe-
rence for the optimization of comprehensive
management strategies for T2DM patients
with AIS. Subsequently, prospective multi-cen-
ter studies need to be conducted to further
verify the long-term efficacy and safety of DPP-
4i, and to facilitate its clinical transformation in
neuroprotection.
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