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The problem and the debate

Causality and study design:

‘interventionists’ versus ‘observationalists’

Novel analytical strategies in 
observational studies: the holy grail
The search for ‘exchangeability’ in observational studies, whereby the condition of interest 

(e.g. exposure, intervention) will not be determined by characteristics of the study 

population, hence, groups with and without the condition of interest are comparable for 

measured and unmeasured variables

- natural experiments whereby the assignment process of individuals to 

comparison groups resembles random variation in assignment

(reality as random process)

Classical example: introduction of interventions at a specific point in time (e.g. legislation)

Novel analytical strategies in recent years

Why this increase in popularity of 
Fixed Effects models ?

- focus on the influence of changes in exposure within individuals on 

outcome measures, whereby individual characteristics cannot create 

selection bias

(by definition)

(cf case-crossover design)

- easy to implement in existing analytical models

(a simple analysis of change)

My first Fixed Effects model
Why Fixed Effects model:

- risk of bias: persons with particular traits may be more likely to engage in 

social activities, and may also exhibit lower levels of depressive symptoms

- within-person estimators will control for unobserved individual heterogeneity that 

may be correlated with determinant of interest

- societal context may be important
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My first Fixed Effects model
Categories:

0 = less than once per month

1 = almost every month

2 = almost every week

3 = almost every day
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My first Fixed Effects model My first Fixed Effects model
The popularity of the article:

- citations in scientific literature: 26  (about 8 per year)

- media cites: > 200 in one week

The Times, 
05/08/2015

Daily Telegraph

Three models for analysis in 
longitudinal studies

Which model should we use?

 Random effect model

 Fixed effects model

 Hybrid (combination random and fixed effects) model

Note:

Example whereby an RCT is hard to conduct

(intervention = entering paid employment) !

Study population and design

Longitudinal data with 2 years follow up 

(up to three repeated measurements of independent and dependent variables)

Study population: 749 welfare-recipients, 1792 observations

Independent variables:

- employment status

- sociodemographic characteristics

Dependent variables:

- mental and physical health

- mastery and self-esteem

- happiness
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Random effect model (also called mixed model)

The individual-specific intercept (0i) is a random factor 

Measured time-varying and time-constant factors can be included in the model

Regression equation: Y=0i + 1x + …. 

0i = random intercept (hence, the name random model)

1 = association between paid employment (x) and health (Y)

Interpretation 

Insight in health difference between employed and unemployed persons

Not possible to distinguish between persons who were already employed and 

persons who became employed during follow-up

Descriptive information of longitudinal study

Random effect model (also called mixed model)

The effect of paid employment on health

Random effect Baseline

on health (∆) unemployed persons

Mental health 18.41 ± 2.53 39.2 ± 23.9

Physical health 10.67 ± 2.42 51.2 ± 27.8

Random effect model (also called mixed model)

Principles:

1. Variables and confounders as time-varying or time-independent factors

2. Repeated measurements for a substantial part of persons 

Disadvantages:

1. Heterogeneity between individuals is assumed a random variable with

zero mean with a constant variance (not always realistic assumption)

2. Random variable for heterogeneity between individuals is independent

from (unmeasured) confounders

3. The estimates combines within and between variation

(i.e. difference between persons with and without a specific condition

AND persons who change from without to with condition or vice versa)

Random effect model (also called mixed model)

Solution for problems of random model: person as his/her own control

(e.g. case-crossover design, fixed effects model)

Principles:

1. Different treatment statuses within the same individual: a person as own control

2. Control for all known and unknown attributes of subjects (time invariant; fixed)

3. Time-varying factors can be included in the model

Requirements:

1. The outcome variable must be measured at least twice for each individual

2. The treatment status must change across two measurements for a substantial 

proportion of the study population

When applicable ?

Fixed effects model (mean centered) Fixed effects model 

Group-mean centering of time-varying factors:

Subtraction of the individual mean value from each observation (=deviation score)

Applied for both the independent (time-varying) variables as well as dependent variable

Note: With two measurements: first difference model

Core regression equation yit-yi = W(xit- xi) + it    

W = association between change in employment (x) and change in health (y)
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Complete FE model:

yit-yi = 0t + W(Factorit) + 2(xit- xi) + i + it    

0t  = intercept, that my be different for each point in time

W = Factor = Paid employment = association between change in employment (x) 

and change in health (y)

2(xit- xi) = time-varying covariates

i = error term for time-invariant covariates (whether observed or not) for 

individual i, presented as a fixed intercept for each individual

it = random error for individual i at time t

(mean centered) Fixed effects model 

Different FE models:

1. Regress change in exposure between wave 1 and wave 2 on

change in health between wave 1 and wave 2

(contemporaneous association)

2. Regress change in exposure between wave 1 and wave 2 on

change in health between wave 2 and wave 3

(lagged association)

(mean centered) Fixed effects model 

Comparision of effect of paid employment on health

Random effect Fixed effects

on health (∆) (within)

Mental health 18.41 ± 2.53 16.47 ± 2.78

Physical health 10.67 ± 2.42 9.86 ± 2.69

Comparison:

- confidence intervals higher in FE model

Theory on why results are similar ?

(mean centered) Fixed effects model 
Interpretation:

* Insight in changes in health within individuals who enter of exit paid employment

* Exposure-response relationship: estimate is a population average effect

* change in exposure as exogenous variable; truly exogenous ?

* high internal validity, low external validity

Disadvantage:

* Not possible to estimate time-invariant variables in the model (random term)

* No information on context (i.e. individual characteristics, eg education, sex)

* Power considerations:

* persons without a change in the independent variable contribute only a little

* logistic regression model: persons without a change in dependent variable are 

not included in the analysis

Fixed effects model 

Hybrid model (combine random and mixed effects model)

Group-mean centering of time-varying independent factors:

Subtraction of the individual mean value from each observation 

Additionally included in the model:

Individual mean values of time-varying factors ( x )

Time-constant factors (z)

Random individual-specific intercept (0i) 

Regression equation yit = t + 0i + W(xit- xi) + Bxi + i + it    

Interpretation

Insight in changes in health within (W) as well as differences between (B) individuals

Estimates are not biased by unmeasured time-constant factors 

Overall results of hybrid model

Hybrid model 
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within-individual
change 
β (SD)

between-individuals
difference 
β (SD)

Mental health

(0-100, higher is better)

16.34 (3.40) 26.74 (5.08)

Physical health

(0-100, higher is better)

9.79 (2.86) 14.61 (5.57)

Self esteem

(0-100, higher is better)

11.23 (2.21) 19.00 (3.56)

Mastery

(0-100, higher is better)

14.11 (3.18) 22.81 (5.35)

OR (95%CI) OR (95%CI)

Happiness

(happy/very happy)

3.08 (1.37-6.93) 7.74 (2.27-26.36)

Entering paid employment has a positive influence on mental and physical 

health, self esteem, mastery and happiness 

Hybrid model 

Comparision of effect of paid employment on health

Random effect Fixed effects Hybrid model

on health (∆) (within) (within) (between)

Mental health 18.41 ± 2.53 16.47 ± 2.78 16.34 ± 3.40 26.74 ± 5.08 

Physical health 10.67 ± 2.42 9.86 ± 2.69 9.79 ± 2.86 14.61 ± 5.57 

Comparison:

- confidence intervals higher in FE model, highest in hybrid model

Comparison of three models

Random Fixed Hybrid

Variables included in the model

- Only time-varying variables X

- Time-varying & time-constant variables X X

Persons included in the analysis

- Only persons with change of time-varying variable X

- All persons (with or without change of x in time) X X

Not biased by unmeasured time-constant variables X X

Estimates for changes within individuals X X

Estimates for differences between individuals X

Comparison of three models

Criticism on fixed effects model:

1. No information on context (eg education, gender); important factors of 

between-individual variation

2. Independent factor is defined by a sudden change and, thus, fixed effects 

model cannot by used to study long-term consequences or cumulative 

exposure

(e.g. effect of smoking on lung cancer cannot be studied with FE model)

3. Change is estimated as combined effect (0 to 1 and 1 to 0)

4. Dependent variable must be measured twice, thus, this limits topics to be 

studied, eg no mortality as endpoint!

(Alternative strategy: case-crossover design) 

Fixed effects model - revisited

Significant improvement in mental health when young persons were employed in 

jobs with good psychosocial working conditions, but significant decline when 

employed in jobs with poor psychosocial working conditions

Milner et al. Scand J Work Environ Health 2017;43:50-8.

Fixed effects model – illustrative example

Study design:

- at least two consecutive bi-annual waves (11,949 individuals)

- exposure = shift characteristics, % of work shifts

- health: longer sleep length and fatigue during free days

Fixed effects model – illustrative example
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Exposure: changes in % of shifts

Fixed effects model – illustrative example

Analysis:

FE (ecological) model

Intervention:

Mass rise in unemployment

Outcome:

Mortality rates

Stuckler et al . Lancet 

2009;374:315-23

Fixed effects model – illustrative example

Fixed effects model – illustrative example

Instruments:

1. Workplace entitlement of flexible start and finish times

2. Workplace entitlement of ability to work from home

Rationale on three assumptions:

1. Workplace entitlement (=organizational factor) is likely to be related to psychosocial job 

quality (exposure at individual level)

2. Workplace entitlement alone will not affect a person’s mental health, but its effect acts 

primarily through psychosocial job quality

3. Workplace entitlement is not associated with unmeasured confounders

Fixed effects model – illustrative example

1. Popularity of fixed effects models will certainly continue

(inching towards causal inference)

2. The classical random effect model (= mixed model) for repeated measurements will

most likely remain the most common analytical method

3. Hybrid models have a slow uptake and some debate among statisticians whether

we can truly separate within- and between person effects

(esp confidence intervals of between person effects are high)

So, what next ? Alex Burdorf
Erasmus MC
Department of Public Health
a.burdorf@erasmusmc.nl


