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Abstract

Background: Chronic pancreatitis (CP) is a complex disease with
various underlying etiologies, including alcohol consumption, smok-
ing, autoimmune disorders, genetic predispositions, and other less
common causes. Despite extensive research, the impact of these dif-
ferent etiologies on disease progression, complication rates, and long-
term outcomes remains insufficiently understood. In particular, the
distinction between alcohol-related chronic pancreatitis (ARCP) and
non-alcohol-related chronic pancreatitis (NARCP) is not well estab-
lished in terms of prognosis and therapeutic needs.

Methods: We conducted a retrospective cohort study utilizing the
TriNetX US Collaborative Network to compare baseline characteris-
tics and clinical outcomes of ARCP versus NARCP. Propensity score
matching (PSM) was applied to balance baseline characteristics be-
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tween both cohorts. Primary outcome was mortality, while secondary
outcomes included exocrine pancreatic insufficiency (EPI), pseudo-
cyst formation, development of diabetes and pancreatic cancer, and
need for endoscopic retrograde cholangiopancreatography (ERCP)
and celiac plexus injection.

Results: A total of 203,432 patients with CP were identified, includ-
ing 11,696 ARCP and 200,560 with NARCP. After PSM (11,678 per
group), ARCP was associated with significantly lower rates of mor-
tality (13.0% vs. 16.2%; risk ratio (RR) 0.80), diabetes (22.9% vs.
35.8%; RR 0.64), exocrine pancreatic insufficiency (2.0% vs. 6.1%;
RR 0.32), pancreatic cancer (1.1% vs. 8.4%; RR 0.14), and pseudo-
cyst formation (7.1% vs. 9.7%; RR 0.73) compared to NARCP (all P
< 0.001). ARCP patients also had lower rates of celiac plexus injec-
tion (0.1% vs. 0.8%; RR 0.12) and ERCP (2.3% vs. 10.2%; RR 0.23)
(both P <0.001).

Conclusion: In this large, retrospective cohort study, patients with
ARCP demonstrated lower rates of mortality, complications, and
need for interventions compared to those with NARCP. These find-
ings highlight potential differences in disease progression and clinical
management between ARCP and NARCP. Further studies are needed
to elucidate underlying mechanisms contributing to these disparities
and to refine patient-specific treatment approaches.

Keywords: Chronic pancreatitis; Alcohol-related chronic pancreati-
tis; Non-alcohol-related chronic pancreatitis

Introduction

Chronic pancreatitis (CP) is a progressive inflammatory dis-
ease of the pancreas that leads to irreversible structural chang-
es, with potential loss of exocrine and endocrine function,
and recurrent or persistent abdominal pain. Limited evidence
suggests that the incidence and prevalence of CP are approxi-
mately 25 per 100,000 and 92 per 100,000 persons, respec-
tively [1]. These numbers reflect a significant burden on both
affected individuals and healthcare systems due to recurrent
hospitalizations with excessive resource utilization, nutritional
deficiencies, and increased risk of pancreatic cancer.
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The etiological factors underlying CP are diverse, with
alcohol use disorder historically regarded as a primary cause
[2]. Alcohol-related chronic pancreatitis (ARCP) typically re-
sults from long-term alcohol consumption, which induces oxi-
dative stress, direct toxic injury, and inflammatory processes
within the pancreas. However, CP can also occur in individuals
without a history of significant alcohol use, which is termed
non-alcohol-related chronic pancreatitis (NARCP). This form
of pancreatic disease encompasses cases attributable to recur-
rent acute pancreatitis, hereditary pancreatitis due to sequence
variation in genes such as PRSS/ or SPINKI, autoimmune
diseases, obstructive pancreatic duct lesions, and idiopathic
causes [2, 3].

Patients with CP can experience variable clinical courses
depending on the underlying etiology, with some evolving lit-
erature showing different pathways for outcomes based on the
etiology which may impact the clinical outcomes of this debili-
tating disease [4]. Literature suggests that ARCP and NARCP
might differ in terms of disease progression, complications, re-
sponse to treatment, and overall prognosis [5]. Importantly, the
timeline of morphological and functional pancreatic changes
differs markedly between ARCP and NARCP [5]. In idiopathic
CP, particularly in younger patients under the age of 35, these
changes may take a decade or more to manifest after symp-
tom onset. In contrast, patients with ARCP often exhibit these
changes at diagnosis or within a much shorter period following
initial symptoms [5]. Also, patients with ARCP may be more
susceptible to associated comorbidities such as malnutrition,
liver disease, and metabolic disturbances [6], whereas those
with NARCP might present with varying phenotypes depend-
ing on their specific underlying condition, potentially influ-
encing treatment outcomes and quality of life [7].

In this study, we are assessing these clinical outcomes,
based on the underlying etiology of chronic pancreatitis. Un-
derstanding the different outcomes of patients with ARCP ver-
sus NARCP is essential for optimizing patient care and de-
veloping tailored therapeutic strategies. We aimed to leverage
real-world data from a large, national database to comprehen-
sively explore the different outcomes in patients with ARCP
versus NARCP by evaluating the central clinical outcomes
that affect patient well-being, including mortality, exocrine
pancreatic insufficiency (EPI), pseudocyst formation, the need
for celiac plexus injection or endoscopic retrograde cholangio-
pancreatography (ERCP), and development of diabetes or pan-
creatic cancer. Understanding the nuanced features of CP will
improve our ability to stratify treatment approaches for distinct
patient populations with unique needs.

Materials and Methods

Data source and study design

This was a retrospective cohort study of patients with CP in
the TriNetX database (Cambridge, MA, US). We utilized the
TriNetX US Collaborative Network, a robust global federated
health research platform that provides access to electronic
health records from a vast array of large healthcare organiza-

tions across the United States (US). TriNetX US Collabora-
tive Network aggregates de-identified patient data from 71 US
institutions, encompassing over 130 million individuals and
thereby offering a comprehensive and diverse dataset ideal for
conducting large-scale observational studies. The federated
nature of the network ensures data privacy and security while
enabling researchers to perform real-time analytics across
multiple institutions without the need for data centralization.
Clinical variables can be derived directly from the electronic
health records within TriNetX through a built-in natural lan-
guage processing system that extracts variables of interest
from clinical documents. Robust quality assurance of the data-
base is achieved at the time of data extraction before inclusion
within the database. The interface provides only aggregate
counts and statistical summaries to protect patient health in-
formation, ensuring that data remain deidentified at all levels.
Additionally, TriNetX obfuscates patient counts<11 to further
ensure patient anonymity. TriNetX, LLC complies with all re-
quired data privacy laws including the US Health Insurance
Portability and Accountability Act (HIPAA). As per the dei-
dentification standard outlined in Section §164.514(a) of the
HIPAA privacy rule, any patient-level data supplied in a data-
set created by the TriNetX platform or aggregated data shown
on the platform comprise only deidentified data. This study
did not require institutional review board permission because
it used only retrospective deidentified patient records and did
not include the acquisition, use, or transmission of personally
identifiable data.

Study population and patient selection

A real-time search and analysis of the US Collaborative Net-
work in the TriNetX platform was conducted and updated
through October 10, 2025. Inclusion criteria included adult
patients (age > 18 years) with a diagnosis of CP. Patients were
stratified into two groups based on the documented etiology:
ARCP vs. NARCP. Patients were identified with International
Classification of Diseases, 10th Revision (ICD-10) codes spe-
cific to CP. To ensure the accuracy of patients’ classification,
the following criteria were applied to identify the two patient
groups. Patients with ARCP were identified based on alcohol-
induced CP ICD-10 code K86.0. Patients with ICD-10 code
K86.1 (other chronic pancreatitis) were not included in the
ARCP group. Patients with NARCP were identified based on
ICD-10 code K86.1. Patients with ICD-10 codes of alcohol use
disorders (F10) and alcohol-induced CP (K86.0) were exclud-
ed from the NARCP group to exclude patients with recorded
history of alcohol intake disorders who could have been coded
as other chronic pancreatitis while they had history of alcohol
intake.

Baseline characteristics and outcome measures

Baseline demographic characteristics (age, sex, race, and eth-
nicity) and comorbid conditions (hypertension, nicotine depend-
ence, congenital malformation of the pancreas and pancreatic
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duct, chronic ischemic heart disease, obesity, cirrhosis, hyper-
lipidemia, and cystic fibrosis) were extracted and compared
between the two groups to determine significant differences in
patient profiles that could influence analysis outcomes.

The primary outcome of the study was mortality from the
time of CP diagnosis up to 10 years of follow-up. Secondary
outcomes included EPI, pseudocyst formation, development of
diabetes and pancreatic cancer, and need for ERCP and celiac
plexus injection.

Index events and timeline of outcomes

All outcomes were evaluated within a defined time window
starting | day after the initial diagnosis of CP (index event) till
10 years after index diagnosis.

Statistical analysis

All statistical analyses were conducted within the TriNetX
real-time analytics platform. Baseline characteristics were de-
scribed with the mean and standard deviation (SD) for continu-
ous variables and proportions for categorical variables. A 1:1
propensity score matching (PSM) was applied to balance con-
founders between the two groups to reduce potential biases.

PSM aimed to account for differences in baseline charac-
teristics that could affect the outcomes of interest. A logistic
regression model was used to estimate the propensity scores
based on the following covariates: demographics (age, sex,
race, and ethnicity) and comorbid conditions (chronic ischemic
heart disease, primary hypertension, congenital malformations
of the pancreas and pancreatic duct, cystic fibrosis, hyperlipi-
demia, obesity, cirrhosis, and nicotine dependence). Propen-
sity scores for each patient were calculated with the logistic re-
gression model, which included the above covariates. Patients
in the ARCP group were matched to patients in the NARCP
group with a nearest-neighbor algorithm without replacement,
applying a caliper width of 0.1 pooled standard deviations of
the logit of the propensity score. This method helped ensure
that patients from both groups with similar propensity scores
were matched, thus reducing bias.

The balance of baseline characteristics between the two
groups was assessed with standardized mean differences
(SMDs). An SMD of < 0.1 was considered to indicate an ad-
equate balance between the groups. The balance of all included
covariates was confirmed after PSM, showing minimal differ-
ences between the matched groups.

Mortality and occurrence of secondary outcomes were as-
sessed before and after PSM. The matched groups were com-
pared with following analyses: The odds of each outcome were
calculated as adjusted odds ratios (aORs) with 95% confidence
intervals (Cls) for each group. A two-sided P-value < 0.05
was considered statistically significant for all analyses. This
detailed PSM methodology ensured that the groups were bal-
anced with respect to potential confounding variables, allow-
ing for more reliable comparisons between the ARCP group
and NARCP group.

Results

A total of 212,256 patients with CP were identified, includ-
ing 11,696 with ARCP and 200,560 with NARCP. The mean
age was 49.9 + 13.6 years in the ARCP group and 58.0 = 18.0
years in the NARCP group. Before PSM, the ARCP cohort
comprised 67.1% men and 31.5% women, compared to 43.9%
men and 51.8% women in the NARCP group.

Racial distribution also differed prior to matching, with
White (60.5%) and Black or African American (25.4%) pa-
tients predominating in the ARCP group, compared to White
(68.5%) and Black or African American (12.8%) patients in the
NARCEP cohort. Regarding ethnicity, 7.9% of ARCP and 7.0%
of NARCP patients were Hispanic or Latino, while 71.7% and
66.9%, respectively, were not Hispanic or Latino (Table 1).

After PSM, both cohorts included 11,678 patients with
nearly identical mean ages (49.9 + 13.6 vs. 49.9 + 14.2 years)
and comparable sex distributions (67.1% vs. 67.6% male and
31.6% vs. 31.1% female, respectively). Racial and ethnic char-
acteristics were similarly balanced following matching.

Comorbidities such as hypertension (41.1% vs. 41.0%), nic-
otine dependence (35.8% vs. 35.0%), dyslipidemia (23.6% vs.
23.2%), ischemic heart disease (8.5% vs. 8.4%), cirrhosis (6.7%
vs. 5.8%), and body mass index (BMI) > 30 (7.1% vs. 5.9%)
showed comparable prevalence between the matched ARCP and
NARCEP groups. Less frequent conditions, including congenital
pancreatic malformations (0.46% vs. 0.32%) and cystic fibrosis
(0.09% in both), were also balanced across cohorts (Table 1).

Before PSM, patients with ARCP demonstrated significant-
ly lower rates of adverse clinical outcomes compared with those
with NARCP (Table 2). Specifically, the ARCP group had lower
rates of mortality (13.0% vs. 18.6%; risk ratio (RR) 0.70, 95%
CI 0.665 - 0.732), diabetes (22.9% vs. 35.9%; RR 0.64, 95% CI
0.616 - 0.659), EPI (2.0% vs. 7.2%; RR 0.27, 95% CI 0.240 -
0.310), pseudocyst formation (7.1% vs. 9.8%; RR 0.72, 95% CI
0.677 - 0.774), and pancreatic cancer (1.1% vs. 11.2%; RR 0.10,
95% CI 0.086 - 0.121). The ARCP cohort also had lower rates of
celiac plexus injection (0.1% vs. 0.7%; RR 0.13, 95% CI1 0.071 -
0.231) and ERCP utilization (2.3% vs. 10.6%; RR 0.22, 95% CI
0.192 -0.244) (all P < 0.001) (Table 2).

After PSM, the matched cohorts each comprised 11,678
patients, and outcome differences remained statistically sig-
nificant (Table 3). The ARCP group continued to show lower
rates of mortality (13.0% vs. 16.2%; RR 0.80, 95% CI 0.752
- 0.852), diabetes (22.9% vs. 35.8%; RR 0.64, 95% C1 0.613 -
0.666), EPI (2.0% vs. 6.1%; RR 0.32, 95% CI 0.280 - 0.376),
pseudocyst formation (1.1% vs. 8.4%; RR 0.14, 95% CI1 0.113
- 0.161), and pancreatic cancer (0.1% vs. 0.8%; RR 0.12, 95%
CI 0.061 - 0.214). Similarly, therapeutic intervention rates
were lower in ARCP, including celiac plexus injection (2.3%
vs. 10.2%; RR 0.23, 95% CI 0.197 - 0.256) and ERCP (7.1%
vs. 9.7%; RR 0.73, 95% CI 0.672 - 0.798) (all P < 0.001) (Ta-
ble 3).

Discussion

In this retrospective propensity-matched cohort study of a
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Table 1. Characteristics of Patients With Chronic Pancreatitis

. Before PSM After PSM
Variable ARCP, n = 11,696 NARCP, n =200,560 ARCP, n = 11,678 NARCP, n =11,678
Age, mean + SD 499+ 13.6 58+ 18 499+ 13.6 499+14.2
Sex
Male 7,846 (67.1%) 84,088 (43.9%) 7,834 (67.1%) 7,889 (67.6%)
Female 3,687 (31.5%) 99,241 (51.8%) 3,687 (31.6%) 3,632 (31.1%)
Race
White 7,069 (60.5%) 131,285 (68.5%) 7,066 (60.5%) 6,961 (59.6%)

Black or African American
Ethnicity

Not Hispanic or Latino

Hispanic or Latino
Diagnoses

Hypertension (110)

Nicotine dependence (F17)

Dyslipidemia (E78)

Ischemic heart disease (I125)

Cirrhosis (K74.6)

BMI 30 - 39 (Z68.3)

BMI > 40 (268.4)

Congenital pancreatic
malformation (Q45.3)

Cystic fibrosis (E84)

2,968 (25.4%)

8,386 (71.7%)
925 (7.9%)

4,808 (41.1%)
4,190 (35.8%)
2,752 (23.5%)
994 (8.5%)
785 (6.7%)
620 (5.3%)
211 (1.8%)
54 (0.46%)

10 (0.09%)

24,622 (12.8%)

128,329 (66.9%)
13,450 (7.0%)

75,287 (39.3%)
23,013 (12.0%)
62,763 (32.7%)
26,584 (13.9%)
4,747 (2.5%)
12,535 (6.5%)
5,236 (2.7%)
2,131 (1.11%)

4,332 (2.26%)

2,959 (25.3%)

8,376 (71.7%)
925 (7.9%)

4,797 (41.1%)
4,178 (35.8%)
2,752 (23.6%)
994 (8.5%)
777 (6.7%)
620 (5.3%)
211 (1.8%)
54 (0.46%)

10 (0.09%)

3,126 (26.8%)

8,425 (72.1%)
883 (7.6%)

4,787 (41.0%)
4,092 (35.0%)
2,705 (23.2%)
982 (8.4%)
681 (5.8%)
523 (4.5%)
166 (1.4%)
37 (0.32%)

10 (0.09%)

ARCP: alcohol-related chronic pancreatitis; BMI: body mass index; NARCP: non-alcohol-related chronic pancreatitis; PSM: propensity score match-

ing; SD: standard deviation.

large real-world database, we observed consistently lower
rates of serious clinical outcomes and the need for therapeutic
interventions in patients with ARCP compared to those with
NARCP. Using the TriNetX Diamond Network, we were able
to analyze more than 200,000 patients with CP to identify
meaningful differences in disease progression, complications,
and interventions between patients who had different CP etiol-
ogies. Despite the known overall risks associated with alcohol

use [8], patients with ARCP had lower rates of mortality, pan-
creatic cancer development, diabetes mellitus (DM), EPI, and
pseudocyst formation than patients with NARCP. A possible
explanation is that ARCP arises due to a modifiable risk fac-
tor, making pancreatic damage potentially partially reversible
with alcohol abstinence and improved nutrition. Many of these
patients are also smokers, representing another modifiable risk
factor, where smoking cessation may further slow disease pro-

Table 2. Comparison of Outcomes in Patients With Alcohol-Related Versus Non-Alcohol-Related Chronic Pancreatitis Before Pro-

pensity Score Matching

Outcomes ARCP (N =11,696) NARCP (N =200,560) P value RR (95% CI)

Mortality 1,516 (13.0) 35,654 (18.6) <0.001 0.70 (0.665 - 0.732)
Diabetes 2,678 (22.9) 68,910 (35.9) <0.001 0.64 (0.616 - 0.659)
Exocrine pancreatic insufficiency 231 (2.0) 13,891 (7.2) <0.001 0.27 (0.240 - 0.310)
Pancreatic cancer 134 (1.1) 21,555 (11.2) <0.001 0.10 (0.086 - 0.121)
Pseudocyst 829 (7.1) 18,796 (9.8) <0.001 0.72 (0.677 - 0.774)
Celiac plexus injection 11 (0.1) 1,414 (0.7) <0.001 0.13 (0.071 - 0.231)
ERCP 269 (2.3) 20,393 (10.6) <0.001 0.22 (0.192 - 0.244)

ARCP: alcohol-related chronic pancreatitis; Cl: confidence interval; ERCP: endoscopic retrograde cholangiopancreatography; NARCP: non-alcohol-

related chronic pancreatitis; RR: risk ratio.
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Table 3. Comparison of Outcomes in Patients With ARCP Versus NARCP After Propensity Score Matching

Propensity-matched patients, n (%)

Outcomes P value RR (95% CI)
ARCP (N =11,678) NARCP (N = 11,678)

Mortality 1,515 (13.0) 1,892 (16.2) <0.001 0.80 (0.752 - 0.852)
Diabetes 2,676 (22.9) 4,186 (35.8) <0.001 0.64 (0.613 - 0.666)
Exocrine pancreatic insufficiency 231 (2.0) 712 (6.1) <0.001 0.32(0.280 - 0.376)
Pancreatic cancer 11 (0.1) 96 (0.8) <0.001 0.12 (0.061 - 0.214)
Pseudocyst 133 (1.1) 986 (8.4) <0.001 0.14 (0.113 - 0.161)
Celiac plexus injection 268 (2.3) 1,193 (10.2) <0.001 0.23 (0.197 - 0.256)
ERCP 828 (7.1) 1,131 (9.7) <0.001 0.73 (0.672 - 0.798)

ARCP: alcohol-related chronic pancreatitis; Cl: confidence interval; ERCP: endoscopic retrograde cholangiopancreatography; NARCP: non-alcohol-

related chronic pancreatitis; RR: risk ratio.

gression. Moreover, because ARCP generally affects younger
individuals, their ability to recover is likely higher. Conversely,
NARCEP is potentially linked to more non-modifiable factors
such as genetic predispositions, which may result in a more
progressive disease trajectory.

Existing evidence indicates that pancreatic calcification
and insufficiency develop more quickly in ARCP and late-
onset idiopathic CP compared to early-onset idiopathic CP
[9, 10]. Machicado et al found that patients with ARCP had
higher rates of pain, recurrent acute pancreatitis, exocrine in-
sufficiency, and pseudocysts or fluid collections compared to
those with NARCP. Additionally, the cumulative incidence of
exocrine insufficiency from birth until the onset of CP symp-
toms was significantly higher in ARCP patients. This discrep-
ancy may be attributed to differences in study settings, as the
study was conducted in a tertiary care center rather than a pop-
ulation-based cohort. Furthermore, the small sample size may
have limited the generalizability of the findings. Additionally,
the study data were recorded between 1976 and 2006, during
which the diagnostic methods and definitions of diabetes and
exocrine insufficiency evolved. Advances in diagnostic cri-
teria, such as the adoption of HbAlc for diabetes and fecal
clastase-1 for EPI, may partially explain the lower reported
rates of pancreatic insufficiency in earlier cohorts [11].

In addition, a Danish nationwide study has found no
significant differences in mortality rate or risk of pancreatic
cancer between patients with ARCP or NARCP. However, al-
though CP patients were matched with healthy controls in this
study, ARCP and NARCP patients were not directly matched,
which may have introduced confounding and contributed to
the lack of significant differences between the groups [12].
On the other hand, a study by Agarwal et al (2020) found that
NARCP was associated with lower rates of pancreatic cancer,
despite that idiopathic senile chronic pancreatitis patients had
the highest absolute 10-year risk of pancreatic cancer, likely
due to older age at onset [13].

CP has a well-documented association with DM, and this
clinical phenomenon is often referred to as pancreatogenic, or
type 3c, diabetes. Pancreatogenic diabetes develops from en-
docrine and exocrine functions being affected by the progres-
sive destruction of pancreatic tissue [14-16]. The PREDICT3c¢
Study by the Consortium for the Study of Chronic Pancreati-

tis, Diabetes, and Pancreatic Cancer (CPDPC) demonstrated
that NARCP was recognized as an independent correlate for
the development of DM, which goes in agreement with the
findings of our study [16]. Conversely, a 10-year prospective
study from China that compared 404 patients with ARCP to
1,633 with idiopathic CP found that those with ARCP exhib-
ited a significantly higher risk of developing diabetes [15].
The difference in the findings could be a result of the different
patient population and race between both studies. Also in the
same study, 603 out of the total number of 2,037 CP patients
were followed up for less than 2 years after the diagnosis of
CP; hence, patients who later developed DM could have been
missed.

One possible explanation for the worse outcomes in
NARCP compared to ARCP in our study is the longer latent
period during which the disease remains undiagnosed. By the
time of diagnosis, extensive pancreatic damage may have al-
ready occurred, leading to higher rates of complications such
as EPI and pseudocyst formation [9, 17]. In contrast, ARCP
is often diagnosed earlier due to acute episodes, allowing for
earlier intervention and potentially less severe long-term out-
comes [9]. We also observed an age difference between pa-
tients with NARCP and those with ARCP prior to PSM, with
the NARCP group being, on average, about 8 years older. It is
possible that the older age in the NARCP group reflects more
advanced disease due to a longer disease course, which may
have contributed to the higher complication rates and greater
need for procedures. It remains a possibility that adjusting for
age did not fully account for this effect.

Our findings emphasize the importance of etiology-based
management of CP. Patients with ARCP may benefit from
early intervention targeting alcohol cessation and nutritional
support to mitigate disease progression and associated comor-
bidities. Conversely, patients with NARCP - who may have
a more insidious disease course with distinct genetic or au-
toimmune profiles - may require more intensive surveillance
for complications such as pseudocysts, pancreatic cancer, and
EPI. Tailoring management strategies based on etiology could
improve outcomes and reduce unnecessary healthcare utiliza-
tion, particularly for procedures such as ERCP, which carry
risks and costs.

This study’s large and diverse dataset enhances the gen-
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eralizability of its findings, and the use of PSM helped mini-
mize confounding. However, as with any retrospective analy-
sis, potential inaccuracies in ICD-10 coding and reliance on
electronic medical records remain inherent limitations. While
residual confounding from unmeasured factors, such as varia-
tions in alcohol consumption or genetic predispositions, can-
not be entirely ruled out, the study provides valuable insights
into disease progression.

Conclusion

In conclusion, this study highlights significant differences in
the clinical outcomes and therapeutic needs of patients with
ARCP and NARCP, emphasizing the value of etiology-based
treatment strategies. Lower rates of mortality, complications,
and interventions in patients with alcohol-related disease than
in those with non-alcohol-associated disease provide impor-
tant insights into disease patterns that may influence prognosis
and guide therapeutic decisions. By recognizing these differ-
ences, clinicians can optimize treatment plans, improve patient
outcomes, and potentially reduce healthcare costs associated
with CP. Further prospective research is warranted to expand
on these findings and explore precision medicine approaches
tailored to each CP subtype.
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