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Motivation

• Multimorbidity represents a global challenge with significant implications for
individuals, healthcare systems and society (Gastens et al., 2022).

• Multimorbidity is more common in old age, and it is associated with premature death,
poorer quality of life and increased healthcare use and costs (Ruckstuhl et al., 2023).

• In Switzerland, the healthcare costs are 5.5 times higher in multimorbid patients than
in single-morbid patients (Bähler et al., 2015).
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Our research

Research objective
We aim to model the progression of multimorbidity by highlighting the major
chronic disease patterns in the Swiss adult population.

• How do different multimorbidity patterns evolve over time?
• Is there any effect of age on the incidence of patterns of 
multimorbidity?
• Are there specific patterns in which multimorbidity tends to 
develop depending on gender?
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Competing risks framework

Notation

• 𝑑𝑑𝑖𝑖 ≔ initial state
• 𝑑𝑑𝑖𝑖+1 ≔ subsequent state
• 𝑖𝑖 ≔ number of diseases
• Set of diseases: 

𝒟𝒟 = 𝑑𝑑1, … ,𝑑𝑑𝐾𝐾−1 . 
• Complete set:

 𝒦𝒦 = 𝒟𝒟 ⋃  {𝑑𝑑𝐾𝐾} .

Fig. 1: Illustration of the transition from 𝑑𝑑𝑖𝑖 to 𝑑𝑑𝑖𝑖+1.

diseases

death
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Subdistribution hazard model (1)
The instantaneous rate of occurrence, so-called subdistribution hazard function (SHF), for 
the event of interest 𝑑𝑑�𝑘𝑘  𝜖𝜖 𝒟𝒟 \ 𝑑𝑑𝑖𝑖  and time-dependent covariate 𝑍𝑍(𝑡𝑡) (for time-
independent 𝑍𝑍 𝑡𝑡 = 𝑍𝑍) is as follows (Fine and Gray, 1999): 

Baseline SHF 
for 𝑑𝑑�𝑘𝑘

The estimated cumulative SHF at time 𝑡𝑡 for the event of interest 𝑑𝑑�𝑘𝑘 conditional on 
covariate 𝑍𝑍(𝑡𝑡) is:
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Subdistribution hazard model (2)
The cumulative incidence function (CIF) at time 𝑡𝑡 for the event of interest 𝑑𝑑�𝑘𝑘 conditional 
on covariate 𝑍𝑍(𝑡𝑡) is defined as:

Marginal probability function: 
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Data 
• A total of 320,679 policyholders aged 50 years or older with chronic conditions.

• Monthly individual claims data on medication use from 2014 to 2022.

• Medication information used to asses the morbidity status of individuals.

• Classification of diseases into pharmacy cost groups (PCGs) according to similarities in
diagnosis.
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Disease groups

Table 1: Summary of pharmacy cost groups (PCGs) and medical conditions.
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Number of observations for multimorbidity transitions 

• Algorithm to simulate the occurence of the first next PCG (for cases 𝑖𝑖 + 2).
• We treat left-censored data with an imputation method.

80%

Table 2: Number of observations in the original data for transitions from 𝑑𝑑𝑖𝑖 by gender.
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Number of observations for transitions 𝑑𝑑1 → 𝑑𝑑2

75.8%

Table 3: Number of observations for transitions 𝑑𝑑1 → 𝑑𝑑2 for males.

𝑑𝑑1

𝑑𝑑2
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Effect of age on the SHF for transitions 𝑑𝑑1 → 𝑑𝑑2

Age as a significant risk 
factor in most models.

Table 5: Subdistribution hazard ratios for selected transitions 𝑑𝑑1 → 𝑑𝑑2.

Relative risk        as age 

Relative risk        as age 

Relative risk differs by gender
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Cumulative Incidence Functions for transitions 𝑑𝑑1 → 𝑑𝑑2

Table 6: Estimated CIFs for selected combinations of transitions 𝑑𝑑1 → 𝑑𝑑2 by gender.
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Hypertension-related CIFs at ages 50, 65 and 80 years
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Hypertension + Asthma CIFs at ages 50, 65 and 80 years
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Conclusion
• We develop a competing risks framework to analyze the progression of 

multimorbidity in the elderly population by specifying the disease pattern.
• A few highlights:

– The complex dynamics of multimorbidity are influenced by interactions between 
age, gender and initial diagnoses.

– Overall, asthma and diabetes exhibit a decreasing relative risk with increasing age, 
while glaucoma becomes more prevalent at older ages.

– Combinations of hypertension, asthma, diabetes, glaucoma, heart disease and 
COPD are the most common in the transition from two to three PCGs.

• By identifying multimorbidity trajectories, the study provides insights for prevention 
strategies and targeted interventions to reduce disease burden and economic impact.
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Future research

• Analyzing the impact of cumulative risk of major multimorbidity trajectories on 
health insurance costs.

• Including other socioeconomic factors in our model, such as deprivation, social 
status, region.

• Modeling the multimorbidity dynamics from a mental health condition to (physical) 
chronic diseases.
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