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Psoriatic disease, encompassing psoriasis and
psoriatic arthritis, is a chronic inflammatory condition
with bidirectional associations with type 2 diabetes
mellitus. Current evidence regarding dipeptidyl pep-
tidase-4 inhibitors’ effects on psoriatic disease pre-
sents conflicting findings, with the impact on psoriatic
arthritis remaining unexplored. This study aimed to
investigate the association between dipeptidyl pepti-
dase-4 inhibitors use and psoriatic disease risk in dia-
betic patients. A nationwide population-based cohort
study was conducted using Taiwan’s National Health
Insurance Research Database (2009-2021), including
78,865 patients with type 2 diabetes mellitus: 15,773
dipeptidyl peptidase-4 inhibitors users and 63,092
matched controls. Primary outcomes were incident
psoriasis and psoriatic arthritis. During a median fol-
low-up of 7.08 years, 393 cases developed psoriatic
disease: 51 cases in the dipeptidyl peptidase-4 inhibi-
tors cohort vs 342 cases in controls. Dipeptidyl pepti-
dase-4 inhibitors therapy was associated with signi-
ficantly lower psoriatic disease risk (adjusted hazard
ratio 0.583, 95% confidence interval 0.430-0.696).
Individual dipeptidyl peptidase-4 inhibitors demon-
strated varying protective effects, with alogliptin sho-
wing the strongest protection. In vitro experiments
confirmed that dipeptidyl peptidase-4 inhibitors sig-
nificantly attenuated inflammatory responses in hu-
man skin cells. This large-scale nationwide study de-
monstrates that dipeptidyl peptidase-4 inhibitors use
is associated with a 41.7% lower risk in psoriatic di-
sease in diabetic patients.
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SIGNIFICANCE

Diabetes and skin diseases like psoriasis often occur
together, creating health challenges for millions worldwide.
Some diabetes medications might help protect against skin
problems, but previous studies presented mixed results.
We studied nearly 79,000 diabetes patients over 13 years
and found that those taking specific diabetes drugs had a
42% lower risk of developing psoriasis or joint problems.
Different medications showed varying levels of association.
Laboratory tests indicated that these drugs may reduce
skin inflammation. This means doctors could choose dia-
betes medications that control blood sugar while possibly
reducing the risk of skin diseases, though clinical trials are
needed.

Psoriatic disease (PsD) encompasses psoriasis (PsO)
and psoriatic arthritis (PsA). It represents a chronic
immune-mediated inflammatory condition affecting
millions worldwide (1). In Taiwan, the epidemiological
burden has increased substantially, with PsO prevalence
rising from 0.18% to 0.86% between 2006 and 2017,
while PsA prevalence increased from 0.01% to 0.08%,
despite stable incidence rates (2). This inflammatory
disorder demonstrates a well-established bidirectional
relationship with type 2 diabetes mellitus (T2DM). PsO
patients exhibit a 38% higher diabetes risk. Diabetic
patients show a 40% increased PsO risk (3).

Dipeptidyl peptidase-4 inhibitors (DPP-4is) are widely
prescribed antidiabetic medications. They have emerged
as potential modulators of inflammatory diseases beyond
their established glucose-lowering effects (4, 5). While
DPP-4is paradoxically increase bullous pemphigoid
risk, they demonstrate protective effects against various
inflammatory skin conditions, including cutaneous lupus
erythematosus, lichen planus, and atopic dermatitis (6).

However, current evidence regarding DPP-4is and PsO
presents conflicting findings that warrant clarification. A
nationwide Israeli study demonstrated increased PsO risk,
showing a 2.12-fold elevated risk among DPP-4is users
(95% CI1 0.99-4.66) (7). Conversely, compelling clinical
evidence supports protective effects, including a notable
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case report documenting complete psoriatic plaque re-
solution following 3 months of sitagliptin treatment (8).
Large-scale epidemiological studies have similarly de-
monstrated reduced incident PsO among DPP-4is users (6,
9, 10). The DINUP trial further investigates sitagliptin’s
therapeutic potential in PsO management (11).

Despite these emerging findings, critical knowledge
gaps persist. First, most studies have utilized relatively
short observation periods or earlier datasets. These may
not reflect contemporary prescribing patterns and patient
populations. Second, while research has focused exclu-
sively on PsO, the effects on PsA remain completely
unexplored. PsA affects approximately 30% of psoriasis
patients and involves distinct inflammatory pathways.
Third, differential effects among various DPP-4is sub-
types are unclear. This limits clinical decision-making
regarding optimal agent selection. Finally, mechanistic
understanding lacks robust experimental validation to
support the observed epidemiological associations.

Therefore, we conducted this comprehensive nation-
wide cohort study using Taiwan’s National Health Insu-
rance Research Database (2009-2021). We investigated
the association between DPP-4is use and PsD risk in
patients with T2DM. Our study addresses these critical
limitations by utilizing a comprehensive 13-year dataset.
We expanded beyond previous research to examine both
PsO and PsA as distinct outcomes, and comparing effects
among different DPP-4is subtypes. We incorporated
mechanistic validation t in vitro experiments exploring
interleukin-17A (IL-17A)-induced inflammatory respon-
ses in human keratinocytes. This multifaceted approach
aims to provide definitive evidence regarding DPP-4is
effects on the entire spectrum of psoriatic disease and
elucidate underlying mechanisms.

MATERIALS AND METHODS

Data sources

This study utilized Taiwan’s National Health Insurance
Research Database (NHIRD). The NHIRD encompasses
over 99% of the population through mandatory enrol-
ment. It comprises comprehensive anonymized records
including outpatient, inpatient, and emergency data.
Diagnoses were coded using ICD-9-CM (2009-2015)
and ICD-10-CM (2016-2021), with validated accuracy
(12, 13). The study was approved by Tri-Service General
Hospital Institutional Review Board (TSGHIRB No.
E202516043).

Study design and participants

We conducted a population-based matched-cohort
study of 78,865 patients with diabetes mellitus from the
Longitudinal Health Insurance Database (2009-2021)
(Fig. 1). Patients with diabetes mellitus (ICD-9-CM
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code 250; ICD-10-CM code E11) recorded >3 times in
outpatient or once in inpatient settings were included. The
exposed group comprised DPP-4i users (>90 days treat-
ment, n=15,773) matched 1:4 w ith unexposed controls
(n=63,092) by age, gender, and index year. We excluded
patients receiving GLP-1 receptor agonists, those with
PsD before 2009 or before first diabetes mellitus visit,
and patients <18 years.

Outcome measures

Primary outcome was incident PsD, encompassing PsO
(ICD-9-CM: 696.1; ICD-10-CM: L40.0, L40.4, L.40.9)
and PsA (ICD-9-CM: 696.0; ICD-10-CM: L40.5,L.40.51,
L40.52, L40.53, L40.54, L40.59). Follow-up extended
from index date until PsD onset, insurance withdrawal,
or 31 December 2021. Secondary analyses examined
PsO and PsA separately.

Covariates

Variables included demographics (gender, age groups:
18-44, 45-64, >65 years), comorbidities assessed by
Charlson Comorbidity Index revised (CCI_R, excluding
diabetes) (14), healthcare utilization level, seasonality,
urbanization level (4 levels), and geographic location.
These covariates were included to control for potential
confounding effects related to healthcare accessibility
and resource distribution.

In vitro experimental validation

HaCaT human keratinocytes were cultured in Dulbecco’s
Modified Eagle Medium at 37°C with 5% CO,. At
50-60% confluence, cells were treated with IL-17A (100
ng/ml) and/or DPP-4i (vildagliptin 5 pM, saxagliptin
0.5 uM). Gene expression of inflammatory markers
(S100A7, IL-36y, CXCLS8, CCL20) was analysed by
quantitative real-time polymerase chain reaction. Experi-
ments were performed in triplicate with >3 independent
replicates. Statistical significance was determined by
analysis of variance with post hoc analysis (p <0.05).

Statistical analysis

Statistical analyses used SPSS version 22 (IBM Corp,
Armonk, NY, USA). Categorical and continuous variab-
les were compared using y* and #-tests, respectively. In-
cidence rates were calculated per 100,000 person-years.
Multivariable Cox proportional hazard models estimated
hazard ratios (HRs) and 95% confidence intervals (CIs),
adjusting for age, gender, comorbidity, season, location,
urbanization, and care level. Cumulative incidence was
evaluated using Kaplan—Meier analysis with log-rank
tests. Statistical significance was set at p<0.05. Subgroup
analyses examined individual DPP-41 agents (alogliptin,
linagliptin, saxagliptin, sitagliptin, vildagliptin) and
disease subtypes separately.
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Outpatient and inpatient of Longitudinal Health Insurance Database in 2009-2021 in Taiwan

n=1,948,273
Inclusion criteria
DM =3 OPD in | year or IPD, >
with DPP-4i consecutive used = 90 days
n=22790
1. DM / DPP-4 before index date
2. BP before tracking
L, 3. GLP-1 agonist
4. Without tracking
5. Age < 20 years
6. Gender unknown
—7.017 Fig. 1. Study population selection
n=s flowchart. Patient selection from Taiwan'’s
National Health Insurance Research Database
I. DM = 3 OPD in I year or IPD, with OHA (NHIRD) (2009-2021). From 1,948,273
] B _ patientsin the Longitudinal Health Insurance
2. Without DPP-4i in the study period Database (LHID), 22,790 met inclusion
3. Tracking > 90 days criteria (diabetes mellitus with dipeptidyl
4. The s s e b oot peptidase-4 inhibitors’ (DPP-4is) use =90
. ¢ same exclusion critena of study cohort days). After applying exclusion criteria and
5. 4-fold propensity score matching by gender, age, and index date 1:4 propensity score matching by gender,
+ age, and index date, the final cohort
comprised 15,773 DPP-4is users and 63,092
With DPP-4i (Study cohort) ¥ -, | Without DPP-4i (Comparison cohort) controls. During follow-up to December
n=15,773 n=63,092 2021, 51 psoriatic disease cases occurred
- _ - in the DPP-4is group vs 342 in controls.
l Tracking endpoint (Dec. 31%, 2021) l NHIRD: National Health Insurance Research
PsO / PsA PsO / PsA Database; LHID: Longitudinal Health
Insurance Database; DPP-4is: dipeptidyl
n=>5l1 n =342 . o
peptidase-4 inhibitors.

RESULTS

Baseline characteristics

This cohort comprised 78,865 participants: 15,773 DPP-
4i users and 63,092 controls. Demographics were well
balanced between groups, with 51.85% male participants
in both cohorts (»=0.999). Mean age was comparable
(DPP-4i: 64.13+11.86 years vs controls: 64.10+11.75
years, p=0.775). Age distribution showed a majority
>65 years (56.91%), followed by 45—64 years (36.34%)
and 18—44 years (6.75%) in both groups. CCI_R scores

Table I. Baseline characteristics of study participants stratified
by DPP-4i use

DPP-4i Total With Without
Variables n % n % n % p-value
Total 78,865 15,773 63,092
Sex 0.999
Male 40,895 51.85 8,179 51.85 32,716 51.85
Female 37,970 48.15 7,594 48.15 30,376 48.15
Age (years) 64.11 +11.77 64.13 + 11.86 64.10 + 11.75 0.775
Age groups 0.999

18-44 years 5,320 6.75 1,064

45-64 years 28,660 36.34 5,732

>65 years 44,885 56.91 8,977
CCI_R 0.81 +1.32 0.84 +1.35

6.75 4,256 6.75
36.34 22,928 36.34
56.91 35,908 56.91

0.80 £1.31 < 0.001

P: x?/Fisher’s exact test on category variables and t-test on continuous variables.
CCI_R: Charlson Comorbidity Index Revised; DPP-4i: dipeptidyl peptidase 4 inhibitor.
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differed slightly but significantly between groups
(0.84+1.35 vs 0.80+1.31, p<0.001). Median follow-
up was 7.15 years for DPP-4i users and 7.04 years for
controls (Table I, Table SI).

Incidence and risk assessment of psoriatic disease

During follow-up, 393 patients (0.50%) developed PsD.
There were 51 cases (0.32%) in the DPP-4i group vs 342

Table II. Endpoint characteristics of study participants stratified
by DPP-4i use

DPP-4i Total With Without
Variables n % n % n % p-value
Total 78,865 15,773 63,092
PsD < 0.001
Without 78,472 99.50 15,722 99.68 62,750 99.46
With 393 0.50 51 0.32 342 0.54
Sex 0.999
Male 40,895 51.85 8,179 51.85 32,716 51.85
Female 37,970 48.15 7,594 48.15 30,376 48.15
Age (years) 70.98 + 18.54 71.15 + 18.66 70.94 +18.51 0.203
Age groups 0.243
18-44 years 4,206  5.33 801 5.08 3,405 5.40
45-64 years 21,601 27.39 4,305 27.29 17,296 27.41
>65 years 53,058 67.28 10,667 67.63 42,391 67.19
CCI_R 0.83 £1.34 0.87 +1.40 0.82 +1.33 < 0.001

P: x?/Fisher’s exact test on category variables and t-test on continuous variables.
PsD: psoriatic disease; CCI_R: Charlson Comorbidity Index Revised; DPP-4i:
dipeptidyl peptidase 4 inhibitor.
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Table III. Cox regression analysis of psoriatic disease risk factors stratified by demographic variables with Bonferroni correction for

multiple comparisons

DPP-4i With Without (Reference) With vs without (Reference)
Stratified Events PYs Rate Events PYs Rate aHR 95% CI 95% CI p-value
Total 51 112,776.35 45.22 342 448,512.26 76.25 0.583 0.430 0.696 <0.001
Gender

Male 27 58,497.51 46.16 179 232,573.10 76.97 0.589 0.436 0.704 <0.001
Female 24 54,278.84 44.22 163 215,939.16 75.48 0.575 0.423 0.687 <0.001
Age group

18-44 years 2 5,729.23 34.91 16 24,206.97 66.10 0.515 0.382 0.618 <0.001
45-64 years 15 30,787.56 48.72 99 122,978.23 80.50 0.597 0.441 0.714 <0.001
> 65 years 34 76,259.56 44.58 227 301,327.06 75.33 0.580 0.430 0.697 <0.001

Adjusted HR: adjusted hazard ratio (adjusted for age, gender, comorbidity, season, location, urbanization level, and level of care); CI: confidence interval; DPP-4i:

dipeptidyl peptidase 4 inhibitor; PsD: psoriatic disease; PYs: person-years.

cases (0.54%) in controls. After multivariable adjustment
for demographics, comorbidities, and healthcare factors,
DPP-4i therapy was associated with significantly redu-
ced PsD risk (adjusted HR 0.583, 95% CI 0.430-0.696,
p<0.001), representing a 41.7% risk reduction (Tables 11
and III).

Gender-stratified analyses demonstrated consistent
protective effects in both sexes. Males showed aHR
0.589 (95% CI 0.436-0.704, p<0.001), and females
showed aHR 0.575 (95% CI 0.423-0.687, p<0.001).
Age-stratified analyses revealed significant risk reduction
across all strata: 18—44 years (aHR 0.515, 95% CI1 0.382—
0.618), 45-64 years (aHR 0.597, 95% CI1 0.441-0.714),
and >65 years (aHR 0.580, 95% CI 0.430-0.697), all
»<0.001 (see Table III).

Individual DPP-4 inhibitor effects

Analysis of individual DPP-4i agents revealed varying
degrees of protection. Alogliptin demonstrated the
strongest effect (aHR 0.468, 95% CI 0.345-0.562,
p<0.001), followed by sitagliptin (aHR 0.505, 95%
CI 0.372-0.607, p<0.001), vildagliptin (aHR 0.563,
95% CI 0.418-0.674, p<0.001), saxagliptin (aHR
0.602, 95% CI 0.445-0.719, p<0.001), and linagliptin
(aHR 0.769, 95% CI 0.567-0.922, p=0.011) (Table
V).

Disease-specific analysis

DPP-4i therapy demonstrated protective effects against
both psoriatic manifestations. For PsO, the aHR was
0.573 (95% CI 0.428-0.687, p<0.001), while for PsA,
the aHR was 0.630 (95% CI 0.462-0.751, p<0.001).

Incidence rates per 100,000 person-years were substan-
tially lower in the DPP-41i group for both PsO (37.24 vs
63.77) and PsA (7.98 vs 12.49) (Table V).

Temporal analysis

Kaplan—Meier analysis revealed consistently lower cu-
mulative PsD incidence in the DPP-4i cohort throughout
the 13-year follow-up period. The protective effect was
evident from year 1 (3 vs 28 cases, p<0.001) and sus-
tained through to year 13 (51 vs 342 cases, p<0.001),
indicating durable benefit (Fig. 2, Table SII).

In vitro mechanistic validation

IL-17A treatment significantly upregulated expression
of psoriasis-associated inflammatory genes (S100A7,
IL-36y, CXCL8, CCL20) in HaCaT keratinocytes. Both
vildagliptin and saxagliptin substantially attenuated these
IL-17A-induced inflammatory responses (p <0.05). Vil-
dagliptin demonstrated slightly superior anti-inflamma-
tory activity compared with saxagliptin. These findings
provide mechanistic support for the protective effects
observed in the clinical cohort (Fig. 3).

DISCUSSION

This large-scale nationwide cohort study demonstrates
that DPP-4i use is associated with a significantly reduced
risk of developing PsD in patients with T2DM. The aHR
was 0.583 (95% C10.430-0.696, p<0.001), representing
a41.7% risk reduction. These findings provide important
evidence regarding DPP-4i effects on PsD and address
critical knowledge gaps in this evolving field.

Table IV. Cox regression analysis of psoriatic disease risk among DPP-4i subgroups with Bonferroni correction for multiple comparisons

DPP-4i Populations Events PYs Rate (per 100,000 PYs) aHR 95% CI 95% CI p-value
Without 63,092 342 448,512.26 76.25 Reference

With 15,773 51 112,776.35 45.22 0.583 0.430 0.696 <0.001
Alogliptin 3,074 8 21,978.86 36.40 0.468 0.345 0.562 <0.001
Linagliptin 3,285 14 23,487.33 59.61 0.769 0.567 0.922 0.011
Saxagliptin 2,993 10 21,395.64 46.74 0.602 0.445 0.719 <0.001
Sitagliptin 3,214 9 22,978.80 39.17 0.505 0.372 0.607 <0.001
Vildagliptin 3,207 10 22,935.72 43.60 0.563 0.418 0.674 <0.001

Adjusted HR: adjusted hazard ratio (adjusted for age, gender, comorbidity, season, location, urbanization level, and level of care); CI: confidence interval; DPP-4i:

dipeptidyl peptidase 4 inhibitor; PsD: psoriatic disease; PYs: person-years.
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Table V. Cox regression analysis of psoriatic disease subgroups with Bonferroni correction for multiple comparisons

DPP-4i With Without (Reference) With vs without (Reference)

PsD subgroups Events PYs Rate Events Rate aHR 95% CI 95% CI p-value
Overall 51 112,776.35 45.22 342 448,512.26 76.25 0.583 0.430 0.696 0.001
Ps 42 112,776.35 37.24 286 448,512.26 63.77 0.573 0.428 0.687 < 0.001
PsA 9 112,776.35 7.98 56 448,512.26 12.49 0.630 0.462 0.751 < 0.001

Adjusted HR: adjusted hazard ratio (adjusted for age, gender, comorbidity, season, location, urbanization level, and level of care); Rate: per 100,000 PYs; CI: confidence
interval; DPP-4i: dipeptidyl peptidase 4 inhibitor; PsD: psoriatic disease; PYs: person-years.

Comparison with previous studies and novel findings

Previous research has yielded conflicting results. An
Israeli study suggested increased PsO risk among DPP-4i
users, with a 2.12-fold increased risk (95% CI 0.99—4.66,
p=0.050) (7). Conversely, clinical evidence supports
protective effects, including complete resolution of
psoriatic lesions after sitagliptin treatment (8). Clinical
studies have reported that DPP-4i can reduce systemic
inflammation levels and improve skin lesion severity in
PsO patients (9, 15). Large-scale studies demonstrated
reduced incident PsO among DPP-4i users, with Chen
et al. reporting an aHR of 0.56 (95% CI 0.52-0.61) for
psoriasis specifically (16). The DINUP trial evaluated
sitagliptin efficacy in combination with narrow-band
ultraviolet-B phototherapy for PsO treatment, demonstra-
ting additional benefits with improved PASI scores (11).

Our findings align with protective effects, demonstra-
ting consistent risk reduction. While previous studies
focused exclusively on PsO, our study uniquely exami-
ned both PsO and PsA as distinct outcomes. We showed
protective effects against both conditions: PsO (aHR
0.573, 95% CI 0.428-0.687, p<0.001) and PsA (aHR
0.630, 95% CI 0.462-0.751, p<0.001). This is parti-

DPP-4i

—With
-7 "Without

0.60— Logrank P < 0.001

0.50—

0.40—

0.30

0.20

0.10—

Cumulative risk of PsO / PsA

0.00—

1T 1T T 1T T 1T 1T 1T T T T T1
01 2 3 4 5 6 7 8 910111213

Years of follow-up

Fig. 2. Kaplan—-Meier survival analysis for psoriatic disease risk.
Cumulative risk of psoriatic disease over 13 years in diabetes patients
stratified by dipeptidyl peptidase-4 inhibitors (DPP-4is) treatment. Solid
line: DPP-4is group (n=15,773); dashed line: control group (n=63,092).
DPP-4is treatment demonstrated consistently lower cumulative incidence
throughout follow-up (log-rank test p < 0.001).

Acta Derm Venereol 2025

cularly significant, as PsA affects approximately 30%
of PsO patients and represents a distinct clinical entity
previously unexplored in DPP-4i studies.

Differential effects among DPP-4i subtypes

Our study provides the first comprehensive comparison
of different DPP-4i subtypes regarding PsD risk. We
revealed significant differences: alogliptin (aHR 0.468),
sitagliptin (aHR 0.505), vildagliptin (aHR 0.563), sax-
agliptin (aHR 0.602), and linagliptin (aHR 0.769). These
differential effects may relate to variations in DPP-4
selectivity and pharmacokinetic profiles. Alogliptin’s
high selectivity for DPP-4 may contribute to its superior
protective effect (17). These differential effects among
DPP-4i subtypes provide additional evidence supporting
the observed association between DPP-4 inhibition and
PsD risk reduction, though the underlying mechanisms
require further investigation.

Mechanistic insights and experimental validation

Experimental evidence supports anti-inflammatory
effects of DPP-4i through multiple mechanisms. Recent
diabetic mouse models with imiquimod-induced psori-
asis-like lesions showed that DPP-4i treatment reduced
skin inflammation through MAPK/NF-«B pathway
inhibition, decreasing inflammatory mediators including
TNF-a, IL-1B, IL-17A, and IL-23 (18). Notably, DPP-4
expression and activity are dramatically upregulated in
psoriatic skin, with 6.6-fold increased enzymatic acti-
vity and 11-fold elevated mRNA levels compared with
normal skin (5).

Our in vitro studies demonstrated that both vildagliptin
and saxagliptin significantly attenuated IL-17A-induced
expression of key psoriatic inflammatory markers
(S100A7, IL-36y, CXCL8, CCL20) in human keratino-
cytes. Importantly, emerging research has highlighted
skin—joint crosstalk mechanisms in psoriatic disease.
Mellor et al. demonstrated that keratinocyte-derived
S100A9 affects both skin and joint inflammation (19).
Xu et al. showed that keratinocyte-secreted CXCL10
contributes to joint inflammation in psoriatic arthritis
(20). These studies provide mechanistic support for how
keratinocyte-targeted interventions could influence both
manifestations of psoriatic disease.

The mechanistic evidence suggests DPP-4 inhibi-
tion modulates immunopathological processes through
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Fig. 3. Anti-inflammatory effects of dipeptidyl peptidase-4 inhibitors (DPP-4is) in human keratinocytes. Expression levels of inflammatory
markers (S100 calcium-binding protein A7 [S100A7], interleukin-36 gamma [IL-36y], C-X-C motif chemokine ligand 8 [CXCL8], C-C motif chemokine
ligand 20 [CCL20]) in HaCaT cells treated with interleukin-17A (IL-17A) (100 ng/ml) = DPP-4is (vildagliptin 5 pM, saxagliptin 0.5 pM). Both DPP-4is
significantly attenuated IL-17A-induced inflammatory gene expression. Data presented as mean + standard error of the mean (SEM) from 3 independent
experiments. P<0.05, *P<0.01, **P<0.001 vs. control; #P<0.05, ##P<0.01, ###P<0.001 vs. IL-17A alone. S100A7: S100 calcium-binding protein
A7; IL-36y: interleukin-36 gamma; CXCL8: C-X-C motif chemokine ligand 8; CCL20: C-C motif chemokine ligand 20; IL-17A: interleukin-17A; DPP-4is:

dipeptidyl peptidase-4 inhibitors; SEM: standard error of the mean.

altering chemokine truncation and enhancing GLP-1
signalling pathways (21, 22). However, we acknowledge
our experimental scope focused primarily on keratino-
cyte responses, and future research should include more
comprehensive cellular models.

Clinical implications and limitations

The differential effects among DPP-41 suggest potential
differences in protective mechanisms that warrant further
investigation. The protective effects against both PsO and
PsA suggest potential systemic benefits for the entire PsD
spectrum. These observational findings generate hypothe-
ses that require validation through randomized controlled
trials before any clinical recommendations can be made.
The consistency across all demographic subgroups and
sustained protection throughout 13 years indicates the
robustness of these associations, though causality cannot
be established from observational data alone.

Several limitations should be acknowledged. Taiwan’s
NHIRD lacks detailed clinical information including
PsO severity scores, preventing assessment of disease
severity-dependent effects. The database also does not
contain data on important lifestyle factors such as smo-
king, weight, or income, which prevents adjustment for
these potential confounders. This represents a signifi-
cant limitation of our observational study design. The
predominantly Taiwanese population may limit genera-
lizability to other ethnic groups. Potential unmeasured
confounders may influence observed associations despite
statistical adjustment.

Regarding diagnostic accuracy, while ICD coding
has inherent limitations, several well-regarded studies
have successfully employed NHIRD for psoriasis and
psoriatic arthritis epidemiological research, confirming
the reliability of these diagnostic codes in large cohort
studies (23, 24). The use of ICD-based definitions re-
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presents the standard methodology required for large
database research. We acknowledge that PsA coding
specificity may be particularly affected by underdiag-
nosis or misdiagnosis in clinical practice. However,
any misclassification is likely non-differential between
treatment groups and would tend to bias results toward
the null, potentially leading to conservative estimates of
the observed associations.

Our in vitro experimental approach focused primarily
on keratinocyte inflammatory responses. While HaCaT
cells have certain limitations including tumour origin
and potential ethnic differences, they represent an in-
ternationally recognized model for studying psoriasis-
related inflammatory mechanisms. The transformed
nature of HaCaT cells and their Caucasian origin may
limit direct extrapolation to primary Asian keratinocytes,
and the single-cell model cannot capture the complex
multicellular interactions involved in PsA pathogenesis.
Future research should focus on prospective randomi-
zed controlled trials to establish causality, mechanistic
studies using more comprehensive cellular models to
explore effects on joints and systemic immune systems,
and investigation of optimal dosing strategies for PsD
prevention.

This nationwide cohort study provides robust evi-
dence that DPP-4i use in diabetic patients is associated
with significantly reduced risk of developing both PsO
and PsA. Our findings extend beyond previous research
by demonstrating differential effects among DPP-4i
subtypes and including both cutaneous and articular
manifestations of PsD. The results, supported by mecha-
nistic evidence from cellular studies, suggest that DPP-4i
may offer important benefits beyond glycaemic control
in managing T2DM patients at risk of PsD. However,
these observational findings require validation through
randomized controlled trials before clinical practice
recommendations can be made.
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