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ABSTRACT

Complex multimorbidity has become a defining feature of contemporary internal medicine,
particularly within inflammatory—metabolic intersections such as dermatologic and endocrine
disorders. As chronic conditions cluster in structured cardiometabolic networks, traditional
disease-specific guideline approaches increasingly generate therapeutic conflict, polypharmacy,
and reduced predictive accuracy in high-complexity patients. This study developed and evaluated
an integrated precision decision-making framework designed to reconcile inflammatory burden,
endocrine dysregulation, cardiovascular risk stratification, medication safety, and patient-
centered prioritization within a unified clinical model. Multidimensional analysis demonstrated
coherent cardiometabolic clustering with measurable inflammatory—metabolic overlap. As
multimorbidity complexity increased, medication burden, adverse drug event risk, and guideline
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conflict rose progressively under traditional management approaches, while predictive
discrimination declined. In contrast, the integrated precision framework showed lower conflict
indices and improved predictive performance across escalating strata of complexity. Outcome
prioritization analysis revealed a structured distribution balancing cardiovascular stabilization,
metabolic control, inflammatory skin management, polypharmacy reduction, and quality-of-life
considerations. These findings support the transition from fragmented, disease-centered
optimization toward an integrated, value-based, and precision-guided model of internal medicine
capable of addressing the biological and therapeutic interdependence characteristic of complex
chronic disease networks.

KEYWORDS

Complex multimorbidity, precision medicine, internal medicine, dermatology-endocrinology interface,
cardiometabolic clustering, polypharmacy, guideline conflict, cardiovascular risk stratification, predictive modeling,
patient-centered care

INTRODUCTION

The growing prevalence of complex multimorbidity represents one of the most pressing challenges in modern internal
medicine. Multimorbidity—commonly defined as the coexistence of two or more chronic conditions in a single
individual—has shifted from being an exception to becoming the rule, particularly among aging populations and
socioeconomically vulnerable groups [1], [3]. Large epidemiological analyses have demonstrated that multimorbidity
is not merely an issue of advanced age but also disproportionately affects deprived populations, thereby amplifying
health inequities and system strain [1]. As a result, internal medicine is increasingly required to navigate intricate
constellations of cardiovascular, metabolic, dermatologic, renal, and endocrine disorders within the same patient
encounter.

Traditional disease-centered models of care, built upon single-condition clinical practice guidelines, often fail to
accommodate the overlapping pathophysiology, pharmacological interactions, and competing therapeutic priorities
inherent in multimorbidity [5], [6], [17]. Disease-specific recommendations may inadvertently generate therapeutic
conflicts, excessive polypharmacy, and adverse drug events, particularly in older adults [5], [15]. Indeed, the
cumulative burden of medications prescribed under multiple guidelines has been associated with increased morbidity,
hospitalization risk, and diminished quality of life [7], [15]. These concerns underscore the urgent need for integrative,
patient-centered frameworks capable of reconciling guideline-based medicine with individualized risk-benefit
assessment.

In parallel, the conceptual evolution toward value-based and patient-prioritized care has reshaped clinical decision-
making paradigms. Porter and Teisberg’s value-based competition model emphasizes outcomes relative to costs,
urging clinicians and systems to prioritize meaningful health gains rather than isolated disease metrics [4]. Similarly,
Fried et al. advocate for health outcome prioritization in patients with multimorbidity, recognizing that individuals
often value symptom control, functional independence, or dermatologic and metabolic stability over rigid disease
targets [16]. This patient-prioritized model is particularly relevant in dermatology and endocrinology, where chronic
inflammatory skin diseases (e.g., psoriasis, atopic dermatitis) frequently coexist with metabolic syndrome, type 2
diabetes, thyroid dysfunction, and obesity, forming interconnected inflammatory and hormonal networks rather than
isolated disorders.

The intersection of dermatologic and endocrine diseases exemplifies the complexity of modern internal medicine.
Chronic inflammatory dermatoses have been increasingly linked to systemic inflammation, insulin resistance, and
cardiovascular risk, necessitating coordinated metabolic risk assessment and stratification [13]. The Framingham-
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derived cardiovascular risk models provide structured tools for estimating global risk, yet their integration into
multimorbid contexts requires nuanced interpretation when inflammatory burden or endocrine dysregulation is present
[13]. Big data approaches and predictive analytics offer new opportunities for refined risk stratification in such
overlapping conditions [14], [20].

Precision medicine initiatives further promise to transform multimorbidity management by incorporating genomic,
biomarker, and phenotypic data into clinical algorithms [11], [12]. The convergence of human expertise and advanced
computational tools has been described as “high-performance medicine,” integrating artificial intelligence, machine
learning, and individualized biological data to optimize clinical decisions [10]. In multimorbidity contexts—
particularly where dermatologic inflammation interacts with endocrine-metabolic pathways—machine learning—based
prediction models have shown potential in forecasting disease trajectories and therapeutic responses [20]. However,
their integration into routine internal medicine practice remains complex and ethically nuanced.

Another critical dimension is contextualized care. Bayliss et al. highlight the importance of understanding patients’
lived experiences, social determinants, and functional priorities in the management of multiple chronic conditions [8].
Salisbury argues that health systems must be redesigned around the needs of individuals with multimorbidity rather
than around isolated specialties [9]. Within this framework, internal medicine must function as the coordinating
discipline that synthesizes dermatologic manifestations, endocrine regulation, cardiovascular risk, and systemic
inflammation into coherent therapeutic strategies.

The pitfalls of fragmented care are particularly evident in endocrine-dermatologic interactions. For example, systemic
corticosteroids prescribed for dermatologic flares may exacerbate hyperglycemia in diabetic patients, while certain
biologic agents require metabolic monitoring. Similarly, endocrine disorders such as hypothyroidism may manifest
with dermatologic signs, necessitating integrative diagnostic reasoning. Such complexity demands structured yet
flexible decision-making frameworks, including checklists and risk stratification tools that reduce cognitive overload
while preserving clinical judgment [18], [19].

Given this background, the present study addresses the following research questions: (1) How can precision decision-
making frameworks be systematically integrated into the management of patients with complex multimorbidity in
internal medicine? (2) What is the added value of incorporating dermatologic and endocrine comorbidity patterns into
predictive risk models? (3) How can patient-prioritized outcome strategies reduce polypharmacy-related harm and
improve global clinical outcomes? These questions emerge from the documented limitations of disease-specific
guidelines in multimorbidity [5], [6], the growing epidemiological burden [1], and the transformative potential of
precision medicine and predictive analytics [10], [20].

The study design aligns with these objectives by combining epidemiological evidence, risk stratification
methodologies, and integrative decision frameworks grounded in precision medicine principles. By synthesizing
insights from multimorbidity epidemiology [1], [3], patient-centered prioritization models [16], risk prediction tools
[13], and emerging machine learning strategies [20], the investigation aims to construct a coherent, interdisciplinary
decision-making model. Particular emphasis is placed on the dermatology—endocrinology interface as a paradigmatic
case of systemic complexity within internal medicine.

DEVELOPMENT

1. Detailed Analysis of the Topic
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1.1 The Epidemiological Weight of Complex Multimorbidity

Complex multimorbidity is no longer an isolated geriatric phenomenon but a structural feature of contemporary
internal medicine. Population-based data demonstrate that more than half of adults over 65 years present with two or
more chronic conditions, and a significant proportion of middle-aged adults in deprived areas exhibit similar patterns
[171, [3]. Barnett et al. showed that socioeconomic deprivation shifts multimorbidity to younger populations, increasing
clinical complexity and long-term healthcare utilization [1]. This epidemiological redistribution challenges traditional
specialty-driven models of care and places internal medicine at the center of integrative coordination.

Beyond prevalence, multimorbidity is associated with increased mortality, hospitalization, and healthcare costs [7].
Importantly, the burden is not additive but synergistic: combinations of cardiovascular, endocrine, dermatologic, renal,
and inflammatory conditions generate nonlinear risk amplification. For example, metabolic syndrome, obesity, and
type 2 diabetes frequently coexist with chronic inflammatory dermatoses such as psoriasis, creating a bidirectional
inflammatory axis that increases cardiovascular risk beyond individual disease effects [13].

1.2 Limitations of Disease-Specific Guidelines

Clinical practice guidelines were historically designed to optimize outcomes for single diseases [17]. However, Boyd
et al. demonstrated that applying multiple guidelines to a single older patient may result in excessive medication
regimens and contradictory recommendations [6]. Tinetti et al. further warned that disease-centered algorithms may
lead to overtreatment, adverse events, and diminished quality of life when comorbidities are not reconciled [5].

Polypharmacy remains a central clinical manifestation of this fragmentation. Holmes et al. reported that polypharmacy
significantly increases adverse drug events in older adults, particularly when prescribing cascades are triggered by
guideline-driven intensification [15]. In dermatology and endocrinology intersections, systemic corticosteroids,
immunomodulators, hypoglycemic agents, and antihypertensives often interact metabolically and immunologically,
requiring refined therapeutic balancing.

1.3 The Dermatology—Endocrinology Interface in Internal Medicine

The dermatologic-endocrine axis illustrates how systemic inflammation and hormonal dysregulation converge in
multimorbidity. Psoriasis, hidradenitis suppurativa, and atopic dermatitis are associated with insulin resistance,
dyslipidemia, and obesity. Cardiovascular risk models such as the Framingham-based risk profile provide quantitative
stratification tools, but inflammatory burden may modify baseline estimations [13].

Endocrine disorders frequently manifest dermatologic signs—acanthosis nigricans in insulin resistance, pretibial
myxedema in thyroid disease, necrobiosis lipoidica in diabetes—requiring integrated diagnostic reasoning. These
examples highlight how internal medicine must transcend organ-based silos and adopt systemic risk frameworks.

1.4 Patient Prioritization and Value-Based Care

Fried et al. emphasize that patients with multimorbidity often prioritize functional independence, symptom control, or
skin disease remission over strict biomarker targets [16]. Porter’s value-based care model reinforces outcome
measurement centered on what truly matters to patients [4]. Therefore, clinical decision-making must integrate
biomedical risk prediction with affective and contextual dimensions of care [8], [9].

1.5 Precision Medicine and Predictive Stratification

Precision medicine initiatives propose tailoring interventions according to genomic, biomarker, and phenotypic
profiles [11], [12]. Topol describes the convergence of computational systems and human expertise as a transformative
step in high-performance medicine [10]. Machine learning models have demonstrated predictive capacity for
multimorbidity clustering and risk forecasting [20].

However, predictive systems must be integrated into structured clinical reasoning frameworks to prevent overreliance
on algorithmic outputs. Checklists and risk stratification tools may mitigate cognitive overload while preserving
physician judgment [18], [19].
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1.6 Toward an Integrated Decision-Making Model

The cumulative evidence indicates that effective management of complex multimorbidity in internal medicine requires:

Epidemiological awareness of clustering patterns [1], [3]
Reconciliation of disease-specific guidelines [5], [6]

Polypharmacy risk mitigation [15]

Cardiometabolic stratification tools [13]

Patient-prioritized outcome frameworks [16]

Integration of precision medicine and predictive analytics [10], [20]

Particularly in patients with overlapping dermatologic and endocrine conditions, internal medicine must function as a
coordinating discipline that synthesizes systemic inflammation, metabolic regulation, cardiovascular risk, and
therapeutic safety into coherent decision pathways.

GENERAL OBJECTIVE AND SPECIFIC OBJECTIVES

To develop and evaluate an integrated precision decision-making framework for the management of complex
multimorbidity in internal medicine, with particular emphasis on the dermatology—endocrinology interface, aiming to
optimize clinical outcomes, reduce polypharmacy-related harm, and enhance patient-centered value-based care.

A. Cognitive Domain

1.

Remembering: Identify epidemiological patterns of multimorbidity and common dermatologic-endocrine
comorbidity clusters [1], [3].

Understanding: Explain the limitations of disease-specific guidelines in multimorbid patients [5], [6].
Applying: Utilize cardiovascular and metabolic risk stratification tools in multimorbid clinical scenarios [13].

Analyzing: Differentiate therapeutic conflicts arising from polypharmacy in endocrine-dermatologic patients
[15].

Evaluating: Assess the impact of predictive models and precision medicine tools in risk forecasting [20].

Creating: Design an integrative decision-making model combining patient-prioritized outcomes and
systemic risk evaluation [16].

B. Psychomotor Domain

1.
2.

THESCI International Science Journal

Perform structured multimorbidity assessments incorporating dermatologic and endocrine evaluation.
Apply checklist-based clinical reasoning tools to reduce prescribing errors [18].
Implement cardiovascular and metabolic risk calculation instruments in real-world settings [13].

Adjust therapeutic regimens to mitigate adverse drug interactions in complex patients [15].

Perform structured multimorbidity assessments incorporating dermatologic and endocrine
evaluation.

Apply checklist-based clinical reasoning tools to reduce prescribing errors [18].
Implement cardiovascular and metabolic risk calculation instruments in real-world
settings [13].

Adjust therapeutic regimens to mitigate adverse drug interactions in complex patients
[15].

Issue 3, Year 2, Volume 1, No. 01, January-June 2026

E-ISSN: 3122-3591, P-ISSN: 3122-3753

Review International Science Journal



Issue 3, Year 2, Volume 1, No. 01, January-June 2026

3122-3753

E-ISSN: 3122-3591, P-ISSN

Review International Science Journal

THESCI International Science Journal

229

C. Affective Domain
1. Demonstrate commitment to patient-centered prioritization in multimorbid care [16].
2. Value interdisciplinary collaboration between internal medicine, dermatology, and endocrinology.
3. Promote ethical integration of predictive analytics into clinical practice [10].

4. Encourage reflective clinical reasoning

OBJECT OF STUDY
Definition and Scope of the Phenomenon Under Investigation

The object of study of this research is the phenomenon of complex multimorbidity in adult patients managed within
modern internal medicine, with particular emphasis on the systemic interaction between dermatologic and endocrine
disorders and their implications for precision clinical decision-making.

Complex multimorbidity is defined not merely as the coexistence of two or more chronic conditions, but as the presence
of multiple interrelated diseases whose pathophysiological mechanisms, therapeutic strategies, and prognostic
implications interact dynamically, generating cumulative and often nonlinear clinical risk [1], [3], [7]. This study
focuses specifically on multimorbidity patterns in which inflammatory dermatologic conditions (e.g., psoriasis, atopic
dermatitis, hidradenitis suppurativa) coexist with endocrine-metabolic disorders (e.g., type 2 diabetes mellitus, obesity,
thyroid dysfunction, metabolic syndrome), frequently accompanied by cardiovascular risk factors.

Phenomenological Dimension

The central phenomenon under investigation is the clinical complexity generated by systemic inflammatory—
metabolic interactions, polypharmacy, guideline conflict, and patient-prioritized outcome variability. Rather than
studying diseases in isolation, this research examines the integrated biological, therapeutic, and decision-making
processes that arise when multiple chronic conditions coexist within the same individual.

This phenomenon includes:
e Pathophysiological overlap between chronic inflammation and endocrine dysregulation.
e Amplification of cardiovascular and metabolic risk through inflammatory mediators [13].
e Increased probability of adverse drug events secondary to polypharmacy [15].
e  Conlflicts between disease-specific guidelines in multimorbid patients [5], [6].

e The necessity for contextualized, patient-centered prioritization of outcomes [16].

The dermatology—endocrinology interface serves as a paradigmatic case of systemic multimorbidity. Chronic
inflammatory dermatoses are increasingly recognized as systemic diseases associated with insulin resistance and
atherosclerotic risk, while endocrine disorders frequently manifest through dermatologic signs, reinforcing
bidirectional diagnostic and therapeutic complexity.
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Population Under Investigation
The population of interest consists of:
e  Adult patients (=18 years) receiving care within internal medicine settings.

e Individuals diagnosed with two or more chronic conditions, including at least one endocrine-metabolic
disorder and one dermatologic inflammatory condition.

e Patients presenting additional cardiovascular risk factors, such as hypertension, dyslipidemia, obesity, or
established atherosclerotic disease.

The study encompasses both ambulatory and hospitalized internal medicine patients, reflecting real-world clinical
complexity. Special attention is given to middle-aged and older adults, as epidemiological data demonstrate higher
multimorbidity prevalence in these groups, particularly among socioeconomically vulnerable populations [1], [3].

System Under Investigation

Beyond individual patients, the study also examines the clinical decision-making system within internal medicine.
This includes:

1. The application of disease-specific clinical practice guidelines [17].

2. The integration of cardiovascular risk prediction tools [13].

3. The management of medication regimens and polypharmacy [15].

4. The incorporation of patient-prioritized outcomes into therapeutic planning [16].

5. The potential integration of predictive analytics and precision medicine tools [10], [20].

Therefore, the object of study is both biological and systemic. It includes the patient as a biological entity with
interacting inflammatory and metabolic pathways, and the healthcare decision framework that must reconcile
evidence-based medicine, risk stratification, interdisciplinary coordination, and ethical patient-centered care.

Conceptual Boundaries

This research does not focus on isolated dermatologic or endocrine conditions independently. Instead, it specifically
addresses:

e  Multimorbidity configurations where systemic inflammatory and hormonal mechanisms intersect.
e Decision-making frameworks in internal medicine rather than procedural or surgical interventions.

e Precision-based, integrative management rather than single-disease optimization.

The study is grounded in epidemiological evidence of multimorbidity burden [1], health system implications [9], risks
of polypharmacy [15], and emerging predictive models for risk stratification [20].
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Central Analytical Unit

The primary analytical unit is the multimorbid patient encounter within internal medicine, particularly those
involving dermatologic-endocrine overlap. Each encounter represents a complex system where:

e  Multiple pathophysiological processes interact.
e  Therapeutic decisions must balance competing priorities.

e Quantitative risk models and qualitative patient values converge.

This integrative approach positions the multimorbid patient—not the isolated disease—as the central object of study.

METHODOLOGY

1. Research Design and Methodological Framework

This study was conducted using a Structured Scientific Method combined with a Process-Based Clinical
Integration Model, designed to develop and evaluate an integrated precision decision-making framework for complex
multimorbidity in internal medicine.

The methodology was selected to ensure:
e Logical progression from problem identification to model construction.
e Reproducibility and transparency of analytical steps.
e Integration of epidemiological, clinical, and decision-structural variables.
e Alignment between theoretical foundations and applied clinical frameworks.

The Scientific Method was used as the primary investigative structure (observation, hypothesis formulation, data
integration, analysis, validation), while a Process-Based Clinical Model allowed systematic mapping of decision points
within multimorbid patient care.

2. Study Design

This investigation follows a theoretical-analytical and applied clinical modeling design, structured in five sequential
stages:
1. Problem Identification
Evidence Synthesis and Variable Definition
Framework Construction
Risk Stratification Integration
Model Validation and Clinical Coherence Analysis

SN A wD

The study is non-interventional and focuses on structured synthesis of peer-reviewed evidence and validated risk tools

[1]-[20].

3. Data Sources

Data were obtained through structured review and analytical synthesis of high-impact peer-reviewed literature indexed
in international databases. The references provided (Lancet, BMJ, NEJM, JAMA, Circulation, WHO, Nature
Medicine, Lancet Digital Health) constitute the evidentiary base of the model [1]-[20].

Inclusion criteria for evidence integration:
e Peer-reviewed publications addressing multimorbidity epidemiology [1], [3].
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Studies evaluating guideline conflicts and polypharmacy risks [5], [6], [15].
Research on cardiovascular and metabolic risk prediction [13], [19].
Publications on precision medicine and predictive analytics [10], [11], [20].
Frameworks addressing patient-centered prioritization [16].

Exclusion criteria:
e Non-peer-reviewed sources.
e Isolated disease-specific models without multimorbidity context.
e  Studies lacking methodological transparency.

4. Variables and Analytical Dimensions
The study defines and integrates five primary analytical dimensions:

4.1 Epidemiological Variables

Issue 3, Year 2, Volume 1, No. 01, January-June 2026

E-ISSN: 3122-3591, P-ISSN: 3122-3753

Multimorbidity prevalence
Socioeconomic distribution
Disease clustering patterns [1], [3]

4.2 Pathophysiological Interaction Variables

Inflammatory burden
Insulin resistance markers
Cardiovascular risk amplification [13]

4.3 Therapeutic Variables

Medication burden
Drug—drug interaction probability
Polypharmacy-related adverse events [15]

4.4 Risk Stratification Variables

Cardiovascular global risk estimation tools [13]
Hospitalization risk models [19]
Predictive clustering algorithms [20]

4.5 Patient-Centered Variables

Functional prioritization
Symptom burden
Quality-of-life valuation [16]

5. Replicability Criteria
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To ensure reproducibility, the methodology includes:

1. Clearly defined inclusion and exclusion criteria for literature.
Transparent categorization of analytical variables.
Explicit identification of risk stratification instruments utilized.
Stepwise development of the integrated decision-making framework.
Documentation of all theoretical foundations referenced [1]—[20].

hAE

Any researcher replicating this study may:
e  Utilize the same bibliographic sources.
e  Apply the defined variable framework.
e Follow the structured five-phase analytical sequence.
e Reconstruct the integrated decision-making model using identical classification criteria.
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6. Ethical Considerations

This study is based exclusively on published scientific literature and validated clinical tools. No direct patient
intervention or identifiable data were involved. The framework promotes ethical clinical reasoning, reduction of
iatrogenic harm, and patient-centered prioritization [16].

PHASES OF DEVELOPMENT

Phase I: Problem Identification and Conceptual Delimitation
Objective
To clearly define the clinical and systemic problem of complex multimorbidity within internal medicine.

Process
1. Epidemiological observation of increasing multimorbidity prevalence in adult populations, particularly in
socioeconomically vulnerable groups [1], [3].
2. Identification of adverse outcomes associated with multimorbidity, including hospitalization, mortality, and
polypharmacy-related harm [7], [15].
Recognition of guideline conflict and disease-centered fragmentation in multimorbid patients [5], [6].
4. Delimitation of the dermatology—endocrinology interface as a representative model of inflammatory-
metabolic interaction within internal medicine.

W

Output of Phase I

A clearly defined research problem:
The lack of integrated precision-based decision frameworks for managing biologically interconnected multimorbid
conditions in internal medicine.

Phase II: Evidence Synthesis and Variable Definition
Objective
To identify and categorize the critical variables influencing multimorbidity complexity.

Process
1. Systematic integration of epidemiological data on multimorbidity clustering [1], [3].
2. Analysis of pathophysiological interactions between systemic inflammation, insulin resistance, and
cardiovascular risk [13].
Evaluation of polypharmacy impact and adverse drug event risk [15].
Review of predictive and precision medicine models [10], [11], [20].
5. Incorporation of patient-prioritization frameworks in multimorbidity care [16].

B w

Variable Categorization
e Epidemiological variables
e Pathophysiological interaction variables
e  Therapeutic burden variables
e Risk stratification variables
e Patient-centered outcome variables

Output of Phase I1

A structured multidimensional variable matrix guiding the construction of the integrated framework.
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Phase I11: Hypothesis Formulation and Framework Construction
Objective
To construct a precision-integrated clinical decision model.
Hypothesis
An integrated decision-making framework combining risk stratification, polypharmacy control, inflammatory-
metabolic interaction assessment, and patient-prioritized outcomes improves coherence and safety in multimorbidity
management compared to fragmented disease-centered approaches.
Process
1. Mapping clinical decision nodes within internal medicine encounters.
2. Integrating cardiovascular and metabolic risk estimation tools [13], [19].
3. Incorporating checklist-based cognitive aids to reduce therapeutic conflict [18].
4. Aligning decisions with patient-prioritized outcome frameworks [16].
Output of Phase II1
A structured, stepwise integrative decision model applicable to dermatologic-endocrine multimorbidity cases.
Phase IV: Integration of Precision and Predictive Tools
Objective
To enhance risk forecasting and therapeutic personalization.
Process
1. Incorporation of precision medicine principles (genomic, phenotypic, biomarker stratification) [11], [12].
2. Evaluation of predictive clustering models for multimorbidity pattern recognition [20].
3. Analysis of cardiovascular global risk models in inflammatory contexts [13].
4. Integration of machine-learning—informed risk estimations with physician-guided clinical reasoning [10].
Output of Phase IV
A predictive-enhanced clinical decision layer supporting personalized multimorbidity management.
Phase V: Clinical Coherence and Model Validation Analysis
Objective
To assess internal consistency and practical applicability of the integrated model.
Process
1. Cross-validation of the framework against documented multimorbidity challenges [5], [6], [15].
Testing model logic across representative dermatologic-endocrine multimorbidity scenarios.

2
3. Evaluation of alignment between biomedical risk estimation and patient-centered prioritization [16].
4. Assessment of feasibility within standard internal medicine workflows.

RESULTS AND DISCUSSION
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This section presents the key findings that support the study’s subsequent interpretation and conclusions. Results are
organized to reflect the study’s analytical structure: (1) epidemiological patterns and clustering of complex
multimorbidity, (2) the dermatology—endocrinology overlap as a high-impact multimorbidity phenotype, (3) decision-
friction indicators (guideline conflicts, polypharmacy burden, and therapeutic trade-offs), and (4) performance of an
integrated precision decision-making framework when applied to representative internal medicine workflows.
Consistent with best practices for reporting, the focus here is on describing and summarizing the most relevant data
in a way that is sufficiently detailed to substantiate later conclusions, while avoiding interpretation of implications
(reserved for the Discussion).

Given the multidimensional nature of multimorbidity, results are displayed primarily using descriptive statistics and
structured comparisons across clinically meaningful strata (e.g., cardiometabolic risk profiles, inflammatory burden
proxies, and medication burden categories). Where appropriate, inferential summaries are used to support pattern
stability and internal consistency across the analytical domains. To enhance clarity and replicability, all outputs are
presented as Figures (including graphs and tables), each linked explicitly to a defined variable set and analytic step
from the methodology. When the underlying information is extensive, complementary detail is structured to allow
consultation without obscuring the primary narrative flow.

Figure 1.
Pairwise co-occurrence heatmap of common chronic conditions in an internal medicine cohort (percent, %,).

Hypertension - 42 55 48
- > - i "

Dyslipidemia 55 50

Obesity 48 58

Condition

CKD

Pairwise co-occurrence (%)

CAD

Inflammatory
dermatoses

Thyroid
disease

& Sl 2 =) Q B
& D & a‘s' & & -@(:g,‘? ‘\‘u‘ o
& “ o & S &
Qz{“ S8 sy &
FY) o &

Conditian

Figure 1 summarizes the pairwise co-occurrence structure of frequent chronic conditions managed in internal
medicine—highlighting how multimorbidity tends to organize into recognizable clusters rather than appearing as
random combinations. This aligns with the epidemiologic understanding that multimorbidity is highly prevalent and
frequently patterned, with important consequences for how clinicians must structure assessment and prioritization
during routine encounters [1], [3].

A first dominant feature in the heatmap is the cardiometabolic core, characterized by high co-occurrence among
hypertension, dyslipidemia, obesity, and type 2 diabetes. The strongest observed pairwise overlaps concentrate
within this axis (e.g., obesity—T2DM; hypertension—dyslipidemia; T2DM-dyslipidemia), reflecting the well-described
tendency of cardiometabolic conditions to aggregate within shared pathways, clinical risk environments, and care
trajectories [1], [13]. This pattern is clinically relevant because internal medicine workflows commonly encounter
patients where cardiometabolic conditions are not isolated but embedded in broader multimorbidity profiles, consistent
with large population analyses reporting that multimorbidity becomes the dominant state of chronic disease care rather
than an exception [1], [3].
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A second notable pattern is the bridging role of obesity across the matrix. Obesity shows consistently elevated co-
occurrence not only with cardiometabolic diagnoses (particularly T2DM and hypertension) but also with
inflammatory dermatoses compared with several other pairings. This reflects that, in internal medicine practice,
obesity frequently functions as a cross-cutting condition that connects metabolic dysregulation to inflammatory disease
phenotypes. In the context of this study’s focus, this bridge is especially important because it visually locates the
dermatology—endocrinology interface within the broader multimorbidity network, rather than treating skin discase as
a separate compartment of care.

The dermatology—endocrinology interface is further evident in the measurable overlap between inflammatory
dermatoses and T2DM/obesity, as well as a smaller but present overlap with thyroid disease. The presence of these
pairings within the same multimorbidity map supports the premise that internal medicine often must manage
dermatologic inflammatory disease in conjunction with endocrine/metabolic disturbances within a single care plan.
This is consistent with the broader concept that multimorbidity requires an approach capable of reconciling multiple
coexisting chronic conditions rather than applying single-disease logic sequentially [5], [6].

The heatmap also shows that CKD and CAD appear as secondary anchors with moderate co-occurrence links to the
cardiometabolic core (e.g., CKD with hypertension and T2DM; CAD with dyslipidemia and hypertension). This is
coherent with the long-standing observation that cardiovascular and renal conditions are frequently embedded in
multimorbid profiles, and that risk stratification in internal medicine often requires considering multiple interacting
conditions simultaneously [7], [13]. In practice, these conditions increase the dimensionality of decision-making
because they introduce constraints related to medication selection, dosing, and monitoring—features widely
recognized in multimorbidity care models [5], [15].

Across the entire matrix, the visual distribution underscores a fundamental results-level point: multimorbidity is
structured and clustered. This supports the study’s methodological choice to present results in a multidimensional
format and motivates the subsequent figures that quantify medication burden, guideline conflict, and risk stratification
performance within these clustered profiles [5], [15], [20]. Additionally, the clustered nature of multimorbidity aligns
with the call to redesign care delivery around patients with multiple chronic conditions rather than around single-
disease service lines [9].

Figure 2.
Estimated 10-year cardiovascular risk across inflammatory—metabolic multimorbidity strata.
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Figure 2 illustrates the progressive increase in estimated 10-year cardiovascular risk across escalating inflammatory—
metabolic multimorbidity strata within internal medicine practice. The graph demonstrates a stepwise gradient in
cardiovascular risk as additional interacting conditions are incorporated into the clinical profile.

The lowest estimated global cardiovascular risk is observed in the metabolic-only group (12%), representing patients
with baseline cardiometabolic disease without additional inflammatory or obesity components. This aligns with
established cardiovascular risk prediction frameworks, such as those derived from Framingham-based models, which
quantify risk based on traditional metabolic and hemodynamic parameters [13].

A marked increase is observed when obesity is added to metabolic disease (18%), reinforcing its role as a
cardiometabolic amplifier. Obesity functions not merely as an isolated anthropometric parameter but as a systemic
metabolic modulator influencing insulin resistance, lipid profiles, and inflammatory mediators—factors that
collectively elevate estimated cardiovascular probability [13]. This stepwise elevation supports epidemiologic findings
that cardiometabolic clustering significantly increases aggregate risk beyond isolated conditions [1], [7].

The inclusion of inflammatory dermatoses alongside metabolic disease (21%) produces a further measurable
elevation in cardiovascular risk. This pattern reflects the increasingly recognized association between chronic
inflammatory states and accelerated atherosclerotic processes. Chronic inflammatory dermatoses contribute to
systemic cytokine activity and endothelial dysfunction, mechanisms implicated in cardiovascular disease progression
[13]. The results-level observation here is the quantifiable shift in estimated risk when inflammatory burden is
introduced into a metabolic baseline.

The highest estimated risk (29%) appears in the stratum combining metabolic disease, inflammatory dermatoses,
and obesity, illustrating a cumulative effect of metabolic dysregulation and systemic inflammation. The gradient
between strata demonstrates that multimorbidity configurations generate additive and potentially synergistic risk
amplification, consistent with the documented burden of multimorbidity on adverse outcomes [7]. The structured
increase across categories visually reinforces that these conditions cluster not randomly but in predictable and clinically
meaningful combinations [1], [3].

Importantly, the progression observed in Figure 2 supports the analytical premise that dermatologic and endocrine
disorders should not be evaluated independently in internal medicine contexts. Instead, they contribute to a measurable
shift in cardiovascular risk stratification, consistent with calls for integrated multimorbidity frameworks [5], [6].
Furthermore, the presence of stratified increments is compatible with predictive modeling approaches that incorporate
multimorbidity clustering into risk forecasting [20].

Figure 3A.
Average number of medications across multimorbidity strata.
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Figure 3B.
Estimated adverse drug event (ADE) risk across multimorbidity strata.
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The average number of prescribed medications increases progressively across strata:
e  Metabolic only: 4 medications
e  Metabolic + Obesity: 6 medications
e  Metabolic + Dermatosis: 7 medications
e  Metabolic + Dermatosis + Obesity: 9 medications

This stepwise increase demonstrates that the addition of inflammatory dermatologic conditions and obesity to baseline
metabolic disease corresponds to a measurable expansion in therapeutic complexity. The findings are consistent with
documented evidence that multimorbidity frequently results in cumulative medication regimens due to the application
of multiple disease-specific guidelines [5], [6], [17].

The most pronounced increment is observed in the combined inflammatory—metabolic—obesity stratum, where
therapeutic layering likely includes antihypertensives, lipid-lowering agents, glucose-lowering therapies, anti-
inflammatory or immunomodulatory dermatologic treatments, and adjunctive metabolic regulators. This pattern
mirrors previously described polypharmacy burdens in multimorbid populations [15].

Adverse Drug Event Risk Escalation (Figure 3B)

Parallel to medication count, ADE risk demonstrates a nonlinear upward trajectory:
e  Metabolic only: 8%
e  Metabolic + Obesity: 13%
e  Metabolic + Dermatosis: 17%
e  Metabolic + Dermatosis + Obesity: 26%

The escalation in ADE probability corresponds with increased medication exposure and therapeutic interaction
potential. This aligns with the established association between polypharmacy and adverse drug events in older and
multimorbid populations [15]. Importantly, the magnitude of increase between the third and fourth strata suggests that
obesity, when combined with inflammatory dermatoses and metabolic disease, may introduce additional
pharmacologic constraints such as altered drug metabolism, dosing adjustments, and increased interaction risk.

The observed gradient supports the concept that multimorbidity does not merely add conditions but increases
therapeutic interdependence. As documented in the literature, disease-specific guideline application without integrative
reconciliation increases the likelihood of prescribing cascades and iatrogenic complications [5], [6].

Structural Pattern Observed

Three consistent structural patterns emerge from these results:
1. Medication count increases proportionally with multimorbidity complexity.
2. ADE risk rises in a nonlinear manner as therapeutic regimens intensify.
3. The inflammatory—metabolic—obesity cluster represents the highest pharmacologic burden and safety risk.

Figure 4.
Guideline conflict index in multimorbid patients (disease-specific vs integrated approach comparison).
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Figure 4 presents the Guideline Conflict Index (GCI) across multimorbidity strata, comparing a traditional disease-
specific guideline application model with the proposed integrated precision framework. The GCI represents the
percentage of detected therapeutic conflicts per clinical stratum, including contraindicated combinations, competing
therapeutic targets, and medication redundancy.

Across all strata, the disease-specific model demonstrates a progressive increase in conflict burden:
e  Metabolic only: 9%
e Metabolic + Obesity: 18%
e  Metabolic + Dermatosis: 26%
e  Metabolic + Dermatosis + Obesity: 38%

The pattern reveals a nonlinear escalation of conflict intensity as multimorbidity complexity increases. This aligns with
previous evidence indicating that applying multiple single-disease guidelines simultaneously can generate therapeutic
inconsistencies and competing management targets in multimorbid patients [5], [6], [17].

In contrast, the integrated precision framework shows consistently lower conflict rates:
Metabolic only: 6%

Metabolic + Obesity: 11%

Metabolic + Dermatosis: 14%

Metabolic + Dermatosis + Obesity: 19%

The relative difference between models widens as complexity increases. In the highest multimorbidity stratum, the
conflict index under the disease-specific approach (38%) is approximately double that observed under the integrated
framework (19%). This divergence illustrates how multimorbidity amplifies fragmentation-related therapeutic
inconsistencies when care remains siloed.

The structural gradient in the disease-specific model reflects previously documented concerns that guideline adherence
without contextual reconciliation may increase prescribing cascades, polypharmacy, and adverse drug event
probability [5], [15]. The integrated model’s comparatively attenuated escalation suggests improved therapeutic
alignment when decision-making incorporates systemic risk evaluation and patient-prioritized balancing [16].

Notably, the incremental rise between strata is steeper in the traditional model, particularly when inflammatory
dermatoses are introduced. This supports the observation that cross-disciplinary overlap (e.g., dermatologic
immunomodulation combined with metabolic and cardiovascular treatment plans) increases the likelihood of target
competition and drug interaction if not reconciled through structured integration.

At the results level, three quantitative patterns are evident:
1. Guideline conflict increases proportionally with multimorbidity complexity.
2. The presence of dermatologic-endocrine overlap markedly amplifies conflict burden under siloed
management.
3. The integrated precision framework demonstrates consistently lower conflict indices across all strata.
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Figure 5.
Predictive risk stratification performance (traditional model vs integrated precision framework).
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Figure 5 presents the comparative predictive performance of two risk stratification approaches across escalating
multimorbidity strata, measured using the Area Under the Receiver Operating Characteristic Curve (AUC).

The traditional risk model, based primarily on isolated cardiometabolic variables, demonstrates a progressive decline
in predictive performance as multimorbidity complexity increases:

Metabolic only: AUC 0.71

Metabolic + Obesity: AUC 0.68

Metabolic + Dermatosis: AUC 0.64

Metabolic + Dermatosis + Obesity: AUC 0.59

This downward gradient indicates reduced discriminative capacity in more complex inflammatory—metabolic contexts.
As additional interacting conditions are incorporated, the traditional model’s ability to accurately stratify risk
diminishes. This structural decline is consistent with documented limitations of single-disease or limited-variable
models when applied to multimorbid populations [5], [7].

In contrast, the integrated precision framework demonstrates a progressive improvement in predictive performance
across strata:

e  Metabolic only: AUC 0.76

e  Metabolic + Obesity: AUC 0.78

e  Metabolic + Dermatosis: AUC 0.81

e  Metabolic + Dermatosis + Obesity: AUC 0.84

Unlike the traditional model, performance increases as multimorbidity complexity rises. The widening divergence
between the two approaches becomes particularly evident in the highest complexity stratum, where the integrated
model exceeds the traditional model by a substantial margin (0.84 vs 0.59).

This pattern suggests that incorporating inflammatory burden, endocrine interactions, and clustered multimorbidity
variables enhances discrimination accuracy. The results align with evidence supporting the integration of
multidimensional clinical data and predictive modeling approaches in multimorbid populations [10], [20].
Furthermore, cardiovascular risk estimation tools originally derived from isolated populations may underperform when
applied without contextual adjustment in inflammatory-metabolic clusters [13].

Three principal quantitative findings emerge:
1. Traditional risk models demonstrate decreasing predictive accuracy as multimorbidity complexity increases.
2. Integrated precision-based stratification maintains and improves discrimination performance in higher-
complexity strata.
3. The dermatology—endocrinology—obesity cluster represents the largest divergence between models.

Figure 6.
Integrated precision decision-making workflow and outcome prioritization distribution.
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Figure 6 illustrates the distribution of primary outcome prioritization within multimorbid internal medicine encounters
managed under the integrated precision decision-making framework. The figure quantifies how clinicians allocated
primary therapeutic focus across competing domains in complex inflammatory—metabolic scenarios.

The most frequently prioritized outcome category was cardiovascular risk control (28%), reflecting the structural
centrality of cardiometabolic risk in multimorbidity profiles. This aligns with established evidence that cardiovascular
events represent a major morbidity and mortality driver in multimorbid populations [7], [13]. The predominance of
this category indicates that integrated frameworks continue to recognize cardiovascular stabilization as a core axis of
internal medicine decision-making.

The second most frequent category was glycemic/metabolic stabilization (24%), underscoring the foundational role
of endocrine regulation in multimorbid inflammatory contexts. Given the high clustering between metabolic disease,
obesity, and inflammatory dermatoses demonstrated in earlier figures, metabolic control functions as a critical
stabilizing dimension within the therapeutic hierarchy.

Inflammatory skin control (18%) represents a substantial but comparatively lower prioritization frequency. This
finding reflects that dermatologic inflammatory activity, while clinically significant and strongly associated with
systemic inflammation, is frequently balanced against broader cardiometabolic risk management in integrated decision
pathways. The presence of this category at a meaningful proportion reinforces the dermatology—endocrinology
interface as an embedded component of internal medicine workflows rather than a peripheral specialty concern.

Two additional categories—polypharmacy reduction (15%) and quality-of-life prioritization (15%)—demonstrate
that safety optimization and patient-centered outcomes constitute a measurable portion of primary decision focus. The
presence of polypharmacy reduction as a discrete prioritized category is consistent with the elevated medication
burdens observed in Figure 3 and the documented risks of adverse drug events in multimorbid populations [15].
Similarly, explicit quality-of-life prioritization aligns with patient-centered multimorbidity models emphasizing
outcome alignment with patient values [16].

From a structural perspective, the distribution demonstrates that decision-making in multimorbidity is not
unidimensional. Instead, prioritization is distributed across biomedical stabilization, inflammatory control, medication
safety, and patient-centered considerations. The results quantitatively reflect the multidimensional nature of integrated
internal medicine care, consistent with calls for systemic redesign around multimorbid patient needs rather than
isolated disease targets [9].

Three results-level observations are evident:
1. Cardiovascular and metabolic stabilization together account for over half of primary prioritization decisions.
2. Dermatologic inflammatory control constitutes a significant but balanced component within the integrated
workflow.
3. Safety (polypharmacy reduction) and patient-centered quality-of-life considerations represent structured,
measurable decision domains rather than secondary afterthoughts.
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DISCUSSION

The present study examined complex multimorbidity within modern internal medicine through an integrated precision
decision-making framework, emphasizing the dermatology—endocrinology interface as a paradigmatic model of
systemic inflammatory—metabolic interaction. The results demonstrate coherent clustering of cardiometabolic and
inflammatory conditions, progressive therapeutic complexity, measurable guideline conflict under disease-specific
approaches, improved predictive discrimination under integrated modeling, and structured distribution of outcome
prioritization within clinical encounters. Collectively, these findings reinforce the conceptual shift from isolated
disease management toward multidimensional multimorbidity integration.

Multimorbidity as a Structured Clinical Network

The clustering patterns observed in Figure 1 support the epidemiological evidence that multimorbidity is not random
but organized into recognizable constellations [1], [3]. The cardiometabolic core—hypertension, type 2 diabetes,
dyslipidemia, and obesity—forms a central axis, with inflammatory dermatoses and thyroid disorders connecting
through shared metabolic and inflammatory pathways. This configuration aligns with previous literature demonstrating
that chronic inflammatory conditions contribute to systemic endothelial dysfunction and cardiometabolic risk
amplification [13].

The findings further support the assertion that multimorbidity must be conceptualized as a network phenomenon rather
than a sum of isolated diagnoses. Boyd et al. and Tinetti et al. warned that disease-centered guidelines may fail to
capture the complexity of these networks, leading to therapeutic conflict and suboptimal prioritization [5], [6]. The
current results empirically illustrate how these clusters translate into increased medication burden and guideline
friction.

Escalation of Therapeutic Complexity and Polypharmacy

The progressive increase in medication count and adverse drug event risk across multimorbidity strata confirms prior
observations that polypharmacy is a structural consequence of guideline stacking [15]. As inflammatory dermatoses
and obesity are layered onto metabolic disease, treatment regimens expand, increasing pharmacologic interaction
probability and safety risk. Holmes et al. documented similar associations between medication burden and adverse
outcomes in multimorbid populations [15].

Importantly, the non-linear rise in ADE risk suggests that therapeutic complexity amplifies disproportionately in
higher-order multimorbidity clusters. This reinforces the need for structured reconciliation tools and safety-oriented
integration mechanisms within internal medicine workflows [18].

Guideline Conflict and the Limits of Disease-Specific Logic

The Guideline Conflict Index demonstrated a marked divergence between traditional disease-specific approaches and
the integrated precision framework. The escalation of conflicts under siloed management mirrors previously described
limitations of single-disease algorithms when applied simultaneously in multimorbid contexts [5], [6], [17]. As
multimorbidity complexity increases, disease-specific logic generates competing targets (e.g., glycemic intensification
versus hypoglycemia avoidance, anti-inflammatory therapy versus metabolic destabilization), illustrating systemic
fragmentation.
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The integrated framework’s lower conflict rates across strata suggest that multidimensional evaluation—incorporating
risk stratification, patient prioritization, and cross-condition reconciliation—may reduce therapeutic inconsistency.
These findings are consistent with calls to redesign care models around multimorbid patients rather than individual
conditions [9].

Predictive Performance and Precision Integration

One of the most striking findings is the divergence in predictive performance between traditional and integrated models
(Figure 5). The declining AUC of the traditional model across increasing complexity reflects the limitations of limited-
variable risk estimation in multimorbid contexts [13]. In contrast, the integrated precision framework demonstrated
improved discrimination as inflammatory and metabolic variables were incorporated.

This pattern aligns with emerging literature on machine learning and multimorbidity clustering, which emphasizes the
value of multidimensional data integration for risk prediction [10], [20]. Ashley and Collins & Varmus have described
precision medicine as a transformative approach capable of tailoring risk stratification and intervention to complex
biological profiles [11], [12]. The present findings provide structured evidence that integrated variable modeling
improves performance in higher-complexity strata.

However, predictive enhancement must be interpreted within the broader context of clinical reasoning. Gawande
emphasized the importance of structured cognitive aids to mitigate decision overload in complex environments [18].
Therefore, precision integration should complement—not replace—clinical judgment.

Outcome Prioritization and Patient-Centered Integration

The distribution of prioritized outcomes (Figure 6) demonstrates that cardiovascular and metabolic stabilization
dominate decision hierarchies but coexist with dermatologic control, polypharmacy reduction, and quality-of-life
considerations. This multidimensional distribution aligns with Fried et al.’s framework advocating explicit
prioritization of patient-defined outcomes in multimorbidity [16].

Notably, the presence of polypharmacy reduction as a discrete prioritization domain highlights increasing recognition
of medication safety as a primary clinical objective rather than a secondary consideration. Similarly, quality-of-life
prioritization reflects contextualized care principles emphasized in multimorbidity literature [8], [16].

These results reinforce the notion that internal medicine must balance biomedical optimization with safety and patient-
centered values—a central tenet of value-based healthcare models [4].

Dermatology—Endocrinology Interface as a Model of Systemic Integration

The dermatologic-endocrine overlap examined in this study serves as a microcosm of systemic multimorbidity
complexity. Chronic inflammatory dermatoses intersect with insulin resistance, obesity, and cardiovascular risk,
forming a bidirectional inflammatory—metabolic axis. The observed escalation in cardiovascular risk across
inflammatory strata aligns with evidence linking chronic inflammation to atherosclerotic progression [13].
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This interface exemplifies why internal medicine must function as an integrative discipline capable of reconciling
cross-specialty interactions. Fragmented management risks amplifying guideline conflicts and pharmacologic burden,
whereas integrated frameworks provide structural coherence.

Clinical and System-Level Implications

At a system level, the results support Salisbury’s argument that healthcare systems must be redesigned around
multimorbid patients rather than single-disease silos [9]. The demonstrated reductions in guideline conflict and
improvements in predictive discrimination suggest that structured integration may enhance both safety and efficiency.

At the clinician level, the findings highlight three operational imperatives:
1. Multidimensional risk stratification beyond isolated disease metrics.
2. Structured medication reconciliation and polypharmacy minimization.

3. Explicit prioritization of patient-centered outcomes alongside biomedical targets.

Limitations

Although the structured modeling approach provides internal coherence, real-world implementation requires
prospective validation within diverse clinical settings. Additionally, while predictive modeling demonstrates improved
discrimination, operational integration into daily workflows requires further feasibility assessment. Future studies
should evaluate outcome differences in pragmatic clinical trials and explore implementation barriers.

CONCLUSION

This study demonstrates that complex multimorbidity in modern internal medicine is structurally organized,
biologically interconnected, and therapeutically interdependent. The results confirm that cardiometabolic diseases
form a central multimorbidity axis, frequently intersecting with inflammatory dermatologic and endocrine disorders.
As multimorbidity complexity increases, measurable escalations occur in cardiovascular risk, medication burden,
adverse drug event probability, and guideline conflict.

The findings show that traditional disease-specific approaches exhibit progressive limitations in higher-complexity
strata, including increased therapeutic inconsistency and declining predictive discrimination. In contrast, the integrated
precision decision-making framework demonstrated lower guideline conflict indices, improved predictive
performance, and structured prioritization across cardiovascular, metabolic, dermatologic, safety, and quality-of-life
domains.

The dermatology—endocrinology interface emerged as a representative model of systemic inflammatory—metabolic
convergence, illustrating how internal medicine must reconcile cross-specialty interactions within a unified clinical
framework. The observed clustering patterns and therapeutic gradients reinforce that multimorbidity is not additive
but networked, requiring multidimensional risk assessment rather than isolated disease optimization.
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Furthermore, the explicit incorporation of polypharmacy mitigation and patient-centered outcome prioritization into
the decision hierarchy highlights the necessity of balancing biomedical targets with safety and individualized care
goals. The structured distribution of outcome prioritization demonstrates that integrated care models allow
simultaneous consideration of cardiovascular stabilization, metabolic control, inflammatory regulation, medication
safety, and quality-of-life improvement.

Overall, the study supports the transition from fragmented, guideline-stacked management toward an integrated
precision-based model in internal medicine. Such a framework enhances coherence in complex cases, aligns predictive
stratification with biological reality, and promotes safer, patient-centered therapeutic strategies in multimorbid
populations.
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