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Two articles
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Case study 16 on survival models available at 
actuarialdatascience.org

What is the impact of GLP-1 weight loss drugs on
age-standardized mortality in the US in 20 years?
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Where are survival models applied?
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• Life & Health Underwriting

• Scenario testing, e.g., weight loss drugs

• US cancer registry SEER: Underwriting

• Pensioner mortality tables

• Unemployment times

• Public health

• Any other use case where time-to-event is
important, e.g., credit default, lapse, engineering, etc.
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Linear regression
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𝑦(𝒙) = 𝛽0 + 𝛽1𝑥1 + 𝛽2𝑥2 +⋯+ 𝛽𝑀𝑥𝑀
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Logistic regression
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𝑝(𝒙) = logistic(𝛽0+𝛽1𝑥1 + 𝛽2𝑥2 +⋯+ 𝛽𝑀𝑥𝑀)

logistic(𝑥) =
1

1 + exp(−𝑥)
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Cox regression (the most common survival model)
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ℎ(𝑡|𝒙) = ℎ0(𝑡) exp(𝛽1𝑥1 + 𝛽2𝑥2 +⋯+ 𝛽𝑀𝑥𝑀)

• Data consists of individuals 𝑖 with

• features 𝑥1,𝑖 , 𝑥2,𝑖 , …

• time 𝑡𝑖

• event indicator 𝛿𝑖, where

• 𝛿𝑖 = 0 denotes (right-)censoring

• 𝛿𝑖 = 1 denotes, e.g., mortality

• What is the distribution (CDF 𝐹, PDF 𝑓) of
survival time 𝑇?
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Cox regression (the most common survival model)
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• Hazard rates ℎ 𝑡|𝒙 , correspond to force of mortality 𝜇𝒙 𝑡  in 
continuous time and 𝑞𝒙,𝑡 or 𝑚𝒙,𝑡 in discrete time

• Proportional hazards: ℎ 𝑡|𝒙𝑖 /ℎ 𝑡|𝒙𝑗  const.

• Survival probability function 𝑆 𝑡|𝒙 , corresponds to 𝑡𝑝𝒙

• 𝑆 𝑡|𝒙 = 1 − 𝐹 𝑡|𝒙

• ℎ 𝑡|𝒙 = −
𝜕

𝜕𝑡
log 𝑆 𝑡|𝒙 =

𝑓 𝑡|𝒙

𝑆 𝑡|𝒙

ℎ(𝑡|𝒙) = ℎ0(𝑡) exp(𝛽1𝑥1 + 𝛽2𝑥2 +⋯+ 𝛽𝑀𝑥𝑀)
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Cox regression (the most common survival model)
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ℎ(𝑡|𝒙) = ℎ0(𝑡) exp(𝛽1𝑥1 + 𝛽2𝑥2 +⋯+ 𝛽𝑀𝑥𝑀)

• Baseline hazard rates ℎ0 𝑡  via

• Kaplan-Meier: 𝑆 𝑡 = ς𝑡𝑖≤𝑡
1 −

𝑑𝑖

𝑛𝑖

• Nelson-Aalen: 𝐻 𝑡 = σ𝑡𝑖≤𝑡
𝑑𝑖

𝑛𝑖

• Coefficients 𝛽1, 𝛽2, … via partial likelihood function 
maximization (Breslow method for tied events)

ℒ = ෑ

𝑖:𝛿𝑖=1

ෑ

𝑗:𝑡𝑗=𝑡𝑖

exp(𝛽1𝑥1,𝑗 +⋯)

σ𝑘:𝑡𝑘≥𝑡𝑗
exp(𝛽1𝑥1,𝑘 +⋯)
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Cox regression (the most common survival model)
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ℎ(𝑡|𝒙) = ℎ0(𝑡) exp(𝛽1𝑥1 + 𝛽2𝑥2 +⋯+ 𝛽𝑀𝑥𝑀)

lifelines summary
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Cox regression (the most common survival model)
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ℎ(𝑡|𝒙) = ℎ0(𝑡) exp(𝛽1𝑥1 + 𝛽2𝑥2 +⋯+ 𝛽𝑀𝑥𝑀)

lifelines forest plot
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A bit of public health history
Lester Breslow (1915-2012), the father of Norman Breslow after whom the method was named
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Source: https://ph.ucla.edu/news-events/news/memoriam-dr-lester-breslow-public-health-visionary



• Data since 1963

• 100k individuals per year

• 500+ features: demographic, socio-
economics, health behaviors, mental 
health, mortality, cause of death, etc.

• Part of our directory of publicly available 
datasets at actuarialdatascience.org
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The dataset
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Source: nhis.ipums.org
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SHAP values
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Models
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Models
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Light GBM



Models
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Cox regression



Models
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Accelerated 
failure time



Models
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Survival trees



Models
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Random 
survival forests



Models
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Gradient boosted 
survival trees (scikit)



Models
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Gradient boosted 
survival trees (XGB)



Models
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Deep survival



Models
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DeepHit



Models
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Deep survival 
machines



Models
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Transformer-based 
survival models



Partial dependence plots + accumulated local effects
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Ground truth vs. predictions on a synthetic dataset
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Strong clinical trials, long-term effectiveness pending
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 Tirzepatide beat semaglutide in every category

 

 Between 39% (semaglutide) and 18%

         (tirzepatide) participants lost <10% weight

Semaglutide
 (Ozempic/ Wegovy) 

Tirzepatide 
(Mounjaro/ 

Zepbound) 

In the head-to-head study over 72 weeks:

Weight lost (kg) 15.0 22.8

Weight loss (%) 13.7 20.2

Waist 

circumference (cm)
13.0 18.4

BMI points 5.3 8.0

Clinical trial results do not directly translate into 

real-world results. Longer-term considerations 

include drug adherence and sustained weight loss. 

Additional improvements in blood pressure, HbA1c 

and cholesterol markers were seen in both drugs but 

superior for tirzepatide.



Started as niche diabetes treatment, became big business
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How they work: slow gastric emptying, feeling of satiety, reduce calories

More targets: semaglutide: 1 target. 

Tirzepatide: 2 targets. New drugs: 2-

3+ targets and/or combinations

Different doses: today the standard 

is weekly injections. Trials are for 

fortnightly or monthly injections

Fast weight loss: companies are 

targeting headline large losses of 

weight over as little time as possible 

Future trends in drug development

Heavy guy, light appetite: this 

gila monster eats a few times 

a year, slowly digesting his 

food thanks to his naturally 

long-lasting GLP-1 hormone



Metabolic health model
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• Population: general and insured

• Countries: US, China, UK

• Timeframe: 2025 – 2045

• Scenarios:

1. Best estimate 

2. Optimistic 

3. Pessimistic

• Methodology: simulates 100k 

individuals with a given age, 

SES, BMI, SBP, etc.

• Output: aggregates total relative 

mortality risk distributions

BMI distribution and relative 

mortality risk by age, SES, country

Data inputs Analysis process Modelling output

Literature review on 

all factors

Expert elicitation on 

BMI & GLP-1



Mortality reductions in US general population

DAV/DGVFM Jahrestagung 2026

US general population projection
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Rationale 

Age: middle-aged population is expected to 
see the largest mortality benefits

Greatest opportunity: widespread metabolic 
health changes would see substantial public 
health improvements  

Broad starting health: US general population 
has a wide range of health statuses

Lifestyle changes: behavioural adaptions 
support medium- and long-term mortality 
benefits



Vielen Dank 

für Ihre

Aufmerksamkeit.

Daniel Meier, Swiss Re

daniel_meier@swissre.com
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Besuchen Sie 

unsere Webseite

www.aktuar.de
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