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Heinz Nixdorf recall study

@ Ongoing prospective study conducted in Bochum, Essen, and
Mulheim/Ruhr

@ Baseline 2000-2003 including 4814 participants between 45 and
75 years old

@ Participants randomly selected from population registries
@ Individuals eligible if their address was valid

@ First (5-year) follow-up in 2006
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Depressive symptoms and greenness

@ Depressive symptoms assessed using a 15-item short-form
questionnaire of the CES-D

@ Depression scores range from 0 to 45, higher score = more
depressive symptoms

@ Access to green spaces may be beneficial for mental health
[Gascon et al]

@ Greenness defined using the Normalized Difference Vegetation
Index (NDVI), calculated from satellite imagery

@ Patients without depressive symptoms at baseline

@ Association depressive symptoms and greenness adjusted for a
binary variable, health status
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Sources of measurement error

@ Error of geometry
@ Atmospheric correction

@ Change of measurement instruments: different satellites =
different resolutions

@ The values of NDVI are changing over time (Figure 7)
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Changes in NDVI values

Study area (Essen-Bochum-Miilheim)

L. -
i ——

2003 2006 2009 2013 2015
Essen 0,43 0,38 0,45 0,33 0,32
Bochum 0,42 0,38 0,45 0,33 0,32
Miilheim 0,44 0,39 0,47 0,34 0,33
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Fitting the (independent) Poisson model

© E(y) =g "(bo+ Bix + B22)
@ Link-funktion: g = log
@ y — dep. score x — NDVI and z — health status

Table: Fitting the Poisson Model, classical (frequentist) approach

Var. name Coef. estimate | Std. Error Conf. intervalle | p-value
Intercept 2.4982 0.0297 [2.4401,2.5563 <.0001
NDVI -0.3239 0.0813 [-0.4833, -0.1645 <.0001
Health status 0.5110 0.0158 [0.4800, 0.5420 <.0001

Table: Fitting the Poisson Model, Bayesian approach with R-INLA

Var. name mean sd 0.025quant | 0.5quant | 0.975quant mode
Intercept 1.9865 0.0273 1.9328 1.9865 2.040 1.9865
NDVI -0.3200 | 0.0805 -0.4780 -0.3200 -0.162 | -0.3200
Health status | 0.5113 0.0157 0.4804 0.5113 0.542 0.5113
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e Effects of the exposure measurement error on coefficient estimates
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Classical measurement error model using INLA, [Muff

et al.]

@ GImm with linear predictor: E(y) = g~ (Bo1 + Bxx + (22)

@ Three level hierarchical model

@ First level: The observational model, y|v, 64

@ v:(latent) unknown, 6;: hyperparameters

@ Second level: Describe latent model v|6,, 62: Hyperparameters

@ Third level: Define hyperpriors 6 = (64, 62)
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Classical measurement error model using INLA

@ Exposure model:

o x|z~ N(Xo + A2z, l/)
Tx

1 .
o w=x+u, u~ N(,—/) ,uindependent of x and y
Tu
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Classical measurement error model using INLA

@ Exposure model:

o x|z~ N(Xo + A2z, l/)
Tx

1 .
o w=x+u, u~ N(,—/) ,uindependent of x and y
Tu

@ Unknows: v = (XT7ﬂ0a527 )‘Oa )\Z)Ta 0= (ﬂXaTU77—X)T
@ general model:

E(y) = g '(Bol+ BxX + f2)
O = _X+ )\01 + )\zz+€)(, €X ~Y N(O, l/)

Tx

w = X-+uU, u~N(0,l/)
Tu
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Prior specification

@ \g, Az, Bp and B, ~ N(0,10?) priors
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Prior specification

@ \g, Az, Bp and B, ~ N(0,10?) priors
@ wy, W, independent N(x, Tlul),

@ Prior for 7,:
1 _ _
Tulwi, wo ~ G (n, > > [(wir — W)? + (wip — Wi)2]>
i

Wit + Wiz
2
@ prior for 7y:

o w =

7 ~ G(100,99/a),

@ a: estimated (empirical) value of 7
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Fitting model with R-INLA

Table: Fixed effects

Var. name mean sd 0.025quant | 0.5quant | 0.975quant mode
beta.0 2.0390 0.0371 1.9720 2.0340 2.1132 2.0328
beta.z 0.5111 0.0157 0.4802 0.5111 0.5419 0.5112
alpha.0 0.3442 0.0015 0.3412 0.3442 0.3473 0.3442
alpha.z -0.0027 | 0.0040 -0.0106 -0.0027 0.0052 | -0.0027

Table: Hyperparameters

Var. name mean sd 0.025quant | 0.5quant | 0.975quant mode
Prec. G. obs.[2 167.6429 4.4046 159.1197 | 167.5977 176.4156 | 167.5036
Prec. G. obs.[3] | 776.9589 | 11.1075 755.2085 | 776.9278 798.8515 | 776.8979
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@ Effect of spatial autocorrelation on coefficient estimates
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Characterize spatial autocorrelation using GAM,

classical

@ Semi-parametric Model

E(y) = 97" (Bo + B1x + oz + (51, S2))

@ (51, S,): Physical location (coordinates)
@ s: smoothing spline
@ Approach: find h that minimizes

n

S A2+ [ B (et

i=1

@ \: nonnegative tuning parameter, h: smooth function, y: observed
data
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Significant residual spatial variation

Table: Parametric coefficients:

Var. name Coef. estimate | Std. Error | zvalue | p-value
Intercept 1.96285 0.02898 | 67.725 | <2e-16

Health status 0.50500 0.01579 | 31.975 | <Z2e-16

Table: Significance of smooth terms

Var. name | edf | Refdf | Chi.sq | p-value

s(S1, Sy) significant = possible spatial autocorrelation
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Modeling the spatial effect in the residual

o E(y) =g (B + B1x + B22), g: log-link
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Modeling the spatial effect in the residual

o E(y) =g (B + B1x + B22), g: log-link
@ Var(y)=R

@ spatial dependency can be modeled in R
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Modeling the spatial effect in the residual

° E(y) =g "(Bo + f1Xx + f22), g: log-link
e Var(y)=R
@ spatial dependency can be modeled in R

@ Choice of spatial effect: semivariogram analysis of the residuals of
the independent model
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Modeling the spatial effect in the residual

° E(y) =g "(Bo + f1Xx + f22), g: log-link
e Var(y)=R
@ spatial dependency can be modeled in R

@ Choice of spatial effect: semivariogram analysis of the residuals of
the independent model

@ Gaussian semivariogramm model:
2 |hl?
2(h) = 0+ o§(1 — exp(~ )
0
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Semivariogramm analysis

Prozedur VARIOGRAM

WLS Angepasstes Semivariogramm flir Residutest

Semivarianz
w
]

©  Empirisch
Gau

o 20 40 60 80
Distanz
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Accounting for the spatial dependency, Gaussian

semivariogramm model

Table: Effect of spatial autocorrelation

Var. name Coef. estimate | Std. Error p-value
Intercept 2.4982 0.05736 <.0001
Health status 0.5110 0.03059 <.0001

@ Coefficient estimates are identical to the case of independence
assumption

@ Standard errors of the model accounting for spatial autocorrelation
are larger

@ The p-value associated to the NDVI is larger when spatial
variation considered.
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e Joint effect of exposure measurement errors and spatial
autocorrelation
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The simple linear model

Table: The simple linear model

log(y +1) = Bo + Bix + ¢
Var. name | Coef. estimate | Std. Error | t-values | p-value
Intercept 2.00062 0.05372 37.244 | <2e-16
_
log(y +1) = Bo + B1x + 5(S2) +
Var. name | Coef. estimate | Std. Error | t- values p-value
Intercept 2.00218 0.05375 37.249 | <2e-16

Table: Significance of smooth terms
Smooth term edf | Ref.df F

p-value

5(S;) significant = possible spatial autocorrelation

D. Djeudeu, K. Ickstadt, S. Moebus Depressive symptoms and greenness 2. Dezember 2016 22/29



Semiparametric approach, [Huque et al.]

@ x; = true covariate of interest, y; = 8o + 51X + G1(S;) + €;

o e=¢ ~ N(0,0%), {Gi(S)), Si € R?} unknow and captures the
spatial correlation

o ¢;, Gi(S;) independent of each other and of the x;
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Semiparametric approach, [Huque et al.]

@ x; = true covariate of interest, y; = 8o + 51X + G1(S;) + €;

o e=¢ ~ N(0,0%), {Gi(S)), Si € R?} unknow and captures the
spatial correlation

o ¢;, Gi(S;) independent of each other and of the x;

@ Error model: w observed, w; = x; + u;, Uj ~ N(O,a?,)
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Semiparametric approach, [Md Hamidul Huque, 2016]

@ Assume the true covariate x is smooth, modeled by Go(S;)
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Semiparametric approach, [Md Hamidul Huque, 2016]

@ Assume the true covariate x is smooth, modeled by Go(S;)
° {G(S) = BjT(s,-)e,-}, B;(S;) thin splines basis functions

e (Y, W) fitted to two sets of spline basis functions B;(S;), B2(S;) by
penalized least square

@ Minimizing the sum of squares plus roughness penalties
@ Consistent estimate of 34

o Estimate standard errors for 34
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Joint effect of measurement error and spatial variation

Table: Comparison table

Var. name Coef. Estimate | St. Error
NDVI with ME and spatial variation -0.5456091 | 0.3803308
NDVI naive simple linear model -0.37758 0.15904

@ Coefficient estimate larger in presence of measurement error and
spatial variation

@ The standard error of the model adjusted for measurement error
and spatial variation is larger:
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e Summary and Perspectives
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Summary tables

Table: Summary table

E(y) = g~ (6o + Bix + Bp2), g : log-link
Ind. assumption | Spatial autocorrelation

Estimate (no ME) -3239 -0.3239
Std. error(no ME) 0.0813 0.1573
p-value(no ME) <0.0001 0.0395
mean(INLA) with ME -0.4698
Std. Error(INLA) with ME 0.1036

log(y +1) = Bo + B1x + €
Ind. assumption | Spatial autocorrelation

Estimate (no ME) -0.37758

Std. error(no ME) 0.15904

p-value(no ME) 0.0176

Estimate(Huque et al.) with ME -0.5456
Std. Error(Huque et al.) with ME 0.3803
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@ Examine the join effect of spatial dependency and measurement
errors of covariates in the glmm

@ Introduce these spatial dependency in the hierarchical model for
measurement error analyss in R-INLA (Bayesian)

@ The Idea of Huque in the case of generalized linear mixed model
(frequentist)
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