NOVEL ANALYTICAL STRATEGIES
FOR LONGITUDINAL STUDIES:
WHICH MODEL TO CHOOSE?
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The problem and the debate

Esaay Raview Causality and causal inference in epidemiclogy’

Causal inference—so much more than statistics  the need for a pluralistic approach
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Causality and study design:

‘interventionists’ versus ‘observationalists’

interasrtion seg s

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)
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Novel analytical strategies in recent years

Articles in Pubmed 2002-2016
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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)
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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 i
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My first Fixed Effects model
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My first Fixed Effects model
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My first Fixed Effects model

Table 3. FourYearLagged Associations Batwean Changes in Social Pamcpabon and Changes in Depressive

{ Wavos 1, 2, and 4) Aged 50 Years or Oldas, Survey ol
Haalih, Againg and Retimment in Erope, 20042005-2010:2011

el 1* (= 5,068) Miodel 2* {n = T.385)

i " kst 95% CI 0 Fobust 5% 01
Voluntarylcharity work 0.085 -0022,0.193 0.0 =012, 0.152
EducationArining 0.023 0,096, 0.141 0,041 -0.101, 0,183
Spontesocal chibs. 0097 004, 0,150 o.081 ~0.036, 0.19%
Relgous organizations 0145 ~0.281, -0.010 0,180 ~0.365, ~0.016
Political/communily omganizatons o -0.051,0.273 0.z22 0.018, 0428

Abbreiaton: Cl, confidence interval.

* Results wese adjusted for sccial participation (mutually adusted), age. and time.

" Resuits were adusted for social paricipation (mutually adusied), age. tme, household size, mardal status,
employment status, financial difficulties, sell-rated health, long-term iiness, activity limtations, and physician-
diagnased diseases (hean attack, high blood peessure or hypertension, stroke, diabetes of high blood sugar, and
ehranic lung disease).
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The popularity of the article:

- citations in scientific literature: 26 (about 8 per year) C]][l]‘(‘h-g‘(li
helps to keep
(l(.‘])l'{'!‘iﬁi()]] at

bay for elderly
gg/eo-Br/l'ZT(])efS Daily Telegraph

- media cites: > 200 in one week

If you want to be cheerful ... go to church

Kirkegang er neglen til godt psykisk helbred Kristeligt Dagblad.dk
[E! religost fellesskab har en positiv efekt pé folk over 50 ar, viser europasisk undersagelse
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Three models for analysis in Study population and design
longitudinal studies
Longitudinal data with 2 years follow up
. (up to three repeated measurements of independent and dependent variables)
Which model should we use? Study population: 749 welfare-recipients, 1792 observations
= Random effect model
= Fixed effects model Independent variables:
= Hybrid (combination random and fixed effects) model - employment status
- sociodemographic characteristics
Note: ) Dependent variables:
Example whereby an RCT is hard to conduct - mental and physical health Scand | Work Environ Health 2017;43(6):540.549
) I ) . , ) 5
(intervention = entering paid employment) ! mastery and self-esteem doi:10.5271/5jweh 3675
- happiness
The benefits of paid employment among persons with
Erasmus C

. common mental health problems: evidence for the selection
+ and causation mechanism
by Schuring M, Rabroek S|, Burdorf A




Random effect model (aiso called mixed modet)

The individual-specific intercept (B;) is a random factor
Measured time-varying and time-constant factors can be included in the model

Regression equation: Y=Bgi+ Bix + ...
Boi = random intercept (hence, the name random model)
B4 = 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

Random effect model (aiso called mixed modet)

Descriptive information of longitudinal study

Table 2. Mental health, physacal haalth, mastery. self-sstesm, and happeess among persons with common mantal health problsms who
are nemgloyed of empioyed for =12 hourt per week, at baseline and after 1 and tespectively 2 years of follow-up. [SD-standard deviation|

Employed
[}

2t
18, highes i batie
Happness thappyivery hapoyi
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Random effect model (also called mixed model) Random effect model (also called mixed model)
Principles:
The effect of paid employment on health 1. Variables and confounders as time-varying or time-independent factors
2. Repeated measurements for a substantial part of persons
Random effect Baseline
on health (A) unemployed persons Disadvantages:
1. Heterogeneity between individuals is assumed a random variable with
Mental health  18.41 +2.53 39.2+23.9 zero mean with a constant variance (not always realistic assumption)
2. Random variable for heterogeneity between individuals is independent
Physical health 10.67 + 2.42 51.2+27.8 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)
Erasmus C Erasmus C

Fixed effects 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 ?
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(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 YirYi = Bw(Xie X)) + &

Bw = association between change in employment (x) and change in health (y)
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(mean centered) Fixed effects model

Complete FE model:
YirYi = Bor + Bw(Factory) + Ba(xie X)) + i + &y

Bot = intercept, that my be different for each point in time

Bw = Factor = Paid employment = association between change in employment (x)
and change in health (y)

Ba(xy- X;) = time-varying covariates

(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

w, = error term for time-invariant covariates (whether observed or not) for (lagged association)
individual i, presented as a fixed intercept for each individual
gy = random error for individual i at time t
Erasmus Erasmus
(mean centered) Fixed effects model Fixed effects model
Comparision of effect of paid employment on health Interpretation:
* Insight in changes in health within individuals who enter of exit paid employment
Random effect Fixed effects *  Exposure-response relationship: estimate is a population average effect
on health (A) (within) * change in exposure as exogenous variable; truly exogenous ?
* high internal validity, low external validity
Mental health ~ 18.41 £2.53 16.47 £2.78
Disadvantage:
Physical health 10.67 +2.42 9.86 + 2.69 *  Not possible to estimate time-invariant variables in the model (random term)
*  No information on context (i.e. individual characteristics, eg education, sex)
Comparison: *  Power considerations:
- confidence intervals higher in FE model * persons without a change in the independent variable contribute only a little
* logistic regression model: persons without a change in dependent variable are
Theory on why results are similar ? ErasmushC not included in the analysis B ErasmushC

Hybl’id 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 (B;)

Regression equation y; = oy + Bo; + By (X X)) + BeXi + 1 + &

Interpretation
Insight in changes in health within (B,) as well as differences between (Bg) individuals
Estimates are not biased by unmeasured time-constant factors
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Hybrid model

Overall results of hybrid model
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Hybrid model

‘within-individual between-individuals
change difference
B (SD) B (SD)
Mental health 16.34 (3.40) 26.74 (5.08)
(0-100, higher is better)
Physical health 9.79 (2.86) 14.61 (5.57)
(0-100, higher is better)
Self esteem 11.23 (2.21) 19.00 (3.56)
(0-100, higher is better)
Mastery 14.11 (3.18) 2281 (5.35)
(0-100, higher is better)
OR (95%Cl) OR (95%Cl)
Happiness 3.08 (1.37-6.93) 7.74 (2.27-26.36)

(happy/very happy)

Entering paid employment has a positive influence on mental and physical
d happil
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Comparison of three models

Comparision of effect of paid employment on health

Random effect Fixed effects Hybrid model
on health (A) (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
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Comparison of three models Fixed effects model - revisited
I B Criicism on fixed effects model:
Variables included in the model
- Only time-varying variables. X 1. No information on context (eg education, gender); important factors of
- Time-varying & time-constant variables X X between-individual variation
e e 2. Independent factor is defined by a sudden change and, thus, fixed effects
Oy persons wh change of tme-varyig varisbls 7 model cannot by used to study long-term consequences or cumulative

exposure
- Al persons (with or without change of  in time) X X . . )

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

L e R D X x 3. Change is estimated as combined effect (0 to 1 and 1 to 0)
Estimates for changes within individuals x x 4. Dependent variable must be measured twice, thus, this limits topics to be
Estimates for differences between individuals X studied, eg no mortality as endpoint!

(Alternative strategy: case-crossover design)
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Fixed effects model - illustrative example

Tabled, il e ity and scote.
Found-sttects regression anatyses based on 10 534 individuals with 39 761 obsarvati [05% Ci=05% |
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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.
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Fixed effects model - illustrative example

Original article
Scand | Work Environ Health Online-first -article

doi:10.5271/sjweh.3730

Association of changes in work shifts and shift intensity with
change in fatigue and disturbed sleep: a within-subject study
by Harma M, Karhula K, Ropponen A, Puttonen 5, Koskinen A, Qjajarvi
A, Hakola T, Pentti J, Oksanen T, Vahtera |, Kivimaki M

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
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Exposure: changes in % of shifts
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Fixed effects m

odel - illustrative example

- Analysis:
‘: FE (ecological) model
= Intervention:
o Mass rise in unemployment
e Outcome:

Mortality rates

Stuckler et al . Lancet
2009;374:315-23
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Fixed effects model - illustrative example
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Combining fixed effects and instrumental variable approaches
for estimating the effect of psychosocial job quality on mental

health: evidence from 13 waves of a nationally representative
cohort study

Allison Milner'?, Zoe Aitken', Anne K h', Anth
Frank Pega®, Dennis Petrie*
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Fixed effects model - illustrative example

Instruments:

1.
2.

Rationale on three assumptions:

1.

Workplace entitlement of flexible start and finish times
Workplace entitlement of ability to work from home

Workplace entitlement (=organizational factor) is likely to be related to psychosocial job
quality (exposure at individual level)

Workplace entitlement alone will not affect a person’s mental health, but its effect acts
primarily through psychosocial job quality
Workplace entitlement is not associated with unmeasured confounders
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So, what next ?

. Popularity of fixed effects models will certainly continue
(inching towards causal inference)

N

. The classical random effect model (= mixed model) for repeated measurements will
most likely remain the most common analytical method

@

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)
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