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Common situation in longitudinal observational studies 
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• Scores
(Depression, QoL, …)

• Biomarker

• Sensor data
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Outline

1. Proof of Concept - Example using generated data

2. Depression trajectories and risk of cardiovascular events KAROLA study
- competing events

3. Physical activity trajectories and mortality ActiFE Ulm study
- covariates in longitudinal sub-model
- alternative time scale
- special link function

4. Pros and Cons
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Software used

doi:10.18637/jss.v078.i02
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1. Proof of Concept
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α=310 β=-1/year

α=220 β=-7/year

α=160 β=-14/year

Assumed trajectory classes
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Individual trajectories within classes

n=1000 / 67%

n=350 / 23%

n=150 / 10%
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Measurements, including additional error
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5% / year

10% / year

25% / year

Inducing mortality
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+ ID
+ event / censoring information

Available information for modeling
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Expectations

Correct

• identification of trajectory classes

• estimation of mortality associated with each class

• estimation of class size/share/prevalence

• correct classification of individuals into classes
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Model call
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Model output
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Estimated trajectory classes
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Estimated trajectory classes

70%   true: 67%

8%    true: 10%

22%    true: 23%
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HR= 5.21 (3.04; 8.93)    true: 5.00

HR= 1.79 (1.38; 2.32)    true: 2.00
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Classification performance

Estimated
class 2 3 1

True 
class

1 977 23 0
2 64 243 43
3 0 38 112

Agreement=  0.89
Kappa=         0.74
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in those with baseline measurement only (n=370)

Estimated
class 2 3 1

True 
class

1 162 6 0
2 31 50 32
3 0 22 67

Agreement=  0.75
Kappa=         0.55
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Expectations

Correct

• identification of trajectory classes

• estimation of mortality associated with each class

• estimation of class size/share/prevalence

• correct classification of individuals into classes
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2. Depression trajectories and risk of 
cardiovascular events
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KAROLA study

• Coronary heart disease patients participating in an in‐patient rehabilitation program

• Followed after 1, 3, 6, 8, 10, 13, and 15 years

• Completed HADS at 1, 3, 6, 8 and 15 years

- HADS Depression sub-scale 0-21 (7 items x 0-3) points (higher is worse)

Are depression trajectories associated with risk of subsequent CV-Events?
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Study population

Peter et al., 2020
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Selecting the number of classes
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Model call
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Results
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Results
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3. Physical activity trajectories and mortality
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ActiFE Ulm study

• population-based cohort study in older people ≥65 years, randomly selected in the Ulm region

• activPAL was worn for seven consecutive days at baseline and follow-up
- Baseline 2009/10: 1335
- FU 1       2012/13: 790
- FU 2       2017/18: 508

-> 16 761 measurement days in total

Are objectively measured physical activity trajectories associated with mortality?

Important: need to correct for weather conditions (Klenk et al. 2012) and Sunday-effect (Klenk et al., 
2019)
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Baseline characteristics
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Data
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Model call
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Results

Figure 1: Identified walking duration trajectories over age (left panel) and corresponding cumulative mortality over age (right 
panel). Trajectories are adjusted for measurement day (Sunday vs. other weekdays) and maximum daily temperature and 
presented for a non-Sunday weekday of average maximum temperature (7.8 °C).
Mortality curves are adjusted for sex and presented for a population of 50% men and 50% women.
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Results
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Associations with class membership
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4. Pros & Cons

Pro
• Use of all information

- also including individuals with one measurement only
- including all events

leading to
- less selection bias
- higher power

• Adjustment in both sub-models possible

Contra
• Computationally expensive

• Small classes are no exception

• Adjustment sets are fixed
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