Bi7491 Regresni modelovani

Pripadova studie

Vitamin D
(linearni regrese)

Prevzato z knihy:
Andersen, P. K., Skovgaard, L. T. (2010) Regression with Linear Predictors, Springer.



Uvod

* Nedostatek vitaminu D prispiva k ubytku kostni hmoty —
elevace parathormonu, zvysovani resorpce kostni hmoty

e fraktury u starsich, poruchy rustu u adolescentu

* Vitamin D
— tvori se v kliZzi pasobenim UV zareni
— pritomen v potravinach: rybi tuk, jatra, vejce (D3), houby (D2), ...
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Uvod

* Vlyhodnoceni dostatku vitaminu D se provadi laboratornim
testem sérové koncentrace 25-hydroxyvitaminu D (250HD)

e Byla provedena mezinarodni studie (Irsko, Polsko, Finsko,
Dansko) u divek a starsich Zen

e Data obsahuji vék, BMI a stav vitaminu D u 420 divek a zen
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Cil

e Popsat dostupnost vitaminu D v ruznych evropskych statech

* |dentifikovat faktory, které by mohly vysvétlit rozdily
— vek
— BMI
— zvyklosti pri slunéni
— prijem vitaminu D v potrave
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Priprava dat

e Logaritmicka transformace vysledku
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Kauzalita

’ ’

e Zadani ulohy:

Stat > Vitamin D

* Coz plati...
« Cim to lze vysvétlit (co je mediator)?

Stat — BMI —_ Vitamin D Pouze vliv BMI?

Stat > Vitamin D
\ /’ Néco dalsiho?
BMI
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Kauzalita

* Pretrvava hodné variability vysvétlené statem
(stat zGstava velmi vyznamnym prediktorem)

* Musime vytvorit bohatSi model
* vék, zvyky pri slunéni, prijem vitaminu D — vSechny mohou pUsobit jako
intermediata mezi statem a vysledkem

* jak by mohl vypadat modelovy diagram?
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Spojité prediktory (margin. pruzkum)

* jetreba rozhodnout o jejich formé v linearnim prediktoru
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log10 Vitamin D

Kategorialni prediktory
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Kategorialni prediktory

e O Prefer

) = Ao stat zrejme
) ovliviiuje
o zvyklosti...

Denmark Finland Ireland Poland

hypotéza muze byt:
Problém v Polsku je kombinaci malo slunéni a vysokého BMI?

(protoze v Irsku problém s vitaminem D neni)
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Model 1

Estimate Std. Error t wvalue Pr(>|t])
(Intercept) 1.849653 0.682145 2.712 0.007269 **
bmi -0.009777 0.003165 -3.089 0.002289 **
age -0.003937 0.009481 -0.415 0.678356 nema ucinek
loglO (vitdintake) 0.254517 0.035814 7.107 1.95e-11 **x*
sunexpavoid sun -0.019531 0.030104 -0.649 0.517204
sunexpprefer sun 0.042952 0.036842 1.166 0.245039
countryDenmark 0.096405 0.036678 2.628 0.009230 **
countryFinland 0.076404 0.037275 2.050 0.041670 *
countryIreland 0.140771 0.038994 3.610 0.000385 ***

(a jeho odstranénim nedojde k vyrazné zméné ostatnich koeficientl)
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Model 2

Estimate Std. Error t wvalue Pr(>|t])
(Intercept) 1.569491 0.101014 15.537 < 2e-16 ***
bmi -0.009831 0.003156 -3.115 0.002103 **
loglO (vitdintake) 0.255116 0.035712 7.144 1.56e—-11 ***
sunexpavoid sun -0.021542 0.029653 -0.726 0.468382 nema Gdinek
sunexpprefer sun 0.043472 0.036746 1.183 0.238174
countryDenmark 0.095892 0.036583 2.621 0.009418 *x*
countryFinland 0.074683 0.036969 2.020 0.044670 *
countrylIreland 0.138215 0.038427 3.597 0.000404 **x*
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(Intercept)

bmi

logl0O (vitdintake)
countryDenmark
countryFinland
countryIreland
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Interakce

* mnoho moznych

* jen nekteré predpokladané

— stat X slunéni — v kazdé zemi je slunce jinak silné

— stat X prijem vitaminu D — obsah vitaminu u stejnych potravin se mize
liSit

| interakce neni
zrejma,
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- i vypocetné

0.4

log,o(vitamin D)
08 10 12 14 16 18 20
l l
0.0
l

| |
Residual
-0.4

|
-0.8

T T T T T T T T
0.0 0.5 1.0 15 0.0 0.5 1.0 15

logo(vitamin D intake) logg(vitamin D intake)

Ondfej Majek, 2018

. , L. - . . . . QAleﬂ f%\ BN | ékarska fakulta Masarykovy univerzity
Bi7491 Regresni modelovani — Pfipadova studie: Vitamin D % W < \J IBA Institut biostatistiky a analyz



Interakce

Estimate Std. Error t value Pr(>|t])

I(bmi - median.bmi) -0.009006 0.003070 -2.934 0.00375 **
countryDenmark 1.631813 0.036893 44.231 < 2e-16 ***
countryFinland 1.672426 0.039968 41.844 < 2e-16 ***
countryIreland 1.620712 0.039459 41.073 < 2e-16 ***
countryPoland 1.526577 0.031207 48.918 < 2e-16 ***
countryDenmark:I (logl0 (vitdintake) - median.logintake) 0.436478 0.061658 7.079 2.53e-11 ***
countryFinland:I (logl0 (vitdintake) - median.logintake) 0.132080 0.086855 1.521 0.12995
countryIreland:I(logl0O (vitdintake) - median.logintake) 0.114902 0.081007 1.418 0.15766
countryPoland:I (loglQ (vitdintake) - median.logintake) 0.245292 0.057448 4.270 3.05e-05 **x*
countryDenmark:sunexpavoid sun 0.004212 0.061569 0.068 0.94553
countryFinland:sunexpavoid sun -0.142507 0.061207 =-2.328 0.02092 ~*
countryIreland:sunexpavoid sun 0.096052 0.061288 1.567 0.11867
countryPoland:sunexpavoid sun -0.042359 0.047476 -0.892 0.37337
countryDenmark:sunexpprefer sun 0.069935 0.059355 1.178 0.24013
countryFinland:sunexpprefer sun -0.019098 0.058774 -0.325 0.74557
countrylreland:sunexpprefer sun -0.093419 0.099831 -0.936 0.35054
countryPoland:sunexpprefer sun 0.173724 0.088568 1.961 0.05124

sometimes

sklon
dle
statu

avoid
VS.
sometimes

prefer
VS.
sometimes
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Interakce

Estimate Std. Error t value Pr(>|t])

I(bmi - median.bmi) -0.009006 0.003070 -2.934 0.00375 **
countryDenmark 1.631813 0.036893 44.231 < 2e-16 *** )
countryFinland 1.672426  0.039968 41.844 < 2e-16 *** sometimes
countryIreland 1.620712 0.039459 41.073 < 2e-16 ***
countryPoland 1.526577 0.031207 48.918 < 2e-16 ***
countryDenmark:I (logl0 (vitdintake) - median.logintake) 0.436478 0.061658 7.079 2.53e-11 *** Skk)n
countryFinland:I (logl0O (vitdintake) - median.logintake) 0.132080 0.086855 1.521 0.12995 dle
countryIreland:I(logl0O (vitdintake) - median.logintake) 0.114902 0.081007 1.418 0.15766 .
countryPoland:I (loglQ (vitdintake) - median.logintake) 0.245292 0.057448 4.270 3.05e-05 **x* statu
countryDenmark:sunexpavoid sun 0.004212 0.061569 0.068 0.94553 avoid
countryFinland:sunexpavoid sun -0.142507 0.061207 =-2.328 0.02092 ~* VS.
countryIreland:sunexpavoid sun 0.096052 0.061288 1.567 0.11867 sometimes
countryPoland:sunexpavoid sun -0.042359 0.047476 -0.892 0.37337
countryDenmark:sunexpprefer sun 0.069935 0.059355 1.178 0.24013
countryFinland:sunexpprefer sun -0.019098 0.058774 -0.325 0.74557 prefer
countrylIreland:sunexpprefer sun -0.093419 0.099831 -0.936 0.35054 VS.
countryPoland:sunexpprefer sun 0.173724 0.088568 1.961 0.05124 . sometimes

Prijem vitaminu D je silnéjsi prediktor v Dansku, v Irsku a Finsku vibec
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Predicted log,q(vitamin D)

Interakce
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Cook's distance

Vlivha pozorovani
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Zavery

* Nedokazali jsme zcela vysvétlit rozdily mezi staty

* Interakce (staty-slunéni), ktera se Spatné
interpretuje, takze mozna lépe nezahrnovat do
vysledku

e vysledné prediktory:
— BMI

— prijem vitaminu D (v kazdém stateé jiny efekt)

e pozor na logaritmickou skalu
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Finalni model

Im(formula = loglO(vitd) ~ country + bmi + country:loglO(vitdintake) -

1, data = women)

Estimate Std. Error t wvalue Pr(>|t])

countryDenmark 1.523693 0.100271 15.196 < 2e-16 *x*x*
countryFinland 1.729285 0.127440 13.569 < 2e-16 *x*x*
countryIreland 1.824750 0.111454 16.372 < 2e-16 ***
countryPoland 1.579786 0.103125 15.319 < 2e-16 *x*x*
bmi -0.009619 0.003069 -3.134 0.00198 **
countryDenmark:1ogl0 (vitdintake) 0.434867 0.061992 7.015 3.32e-11 *x**
countryFinland:1oglQO (vitdintake) 0.174453 0.087081 2.003 0.04646 *
countryIreland:1ogl0O (vitdintake) 0.091818 0.080599 1.139 0.25596
countryPoland:1ogl0 (vitdintake) 0.226312 0.056947 3.974 9.80e-05 **x*

4y,
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Interpretace - logaritmy

Logarithmic transformation of outcome:

logf(x) =a+ pX (A.1)
Taking the antilogarithm:
f(x) =107 = 10" 10" = 10" (10")" (A.2)

One unit increase in outcome:

fix+1)=10*10H"" = 101010/ = F(x)10"  (A.3)

Logarithmic transformation of outcome and covariate:
logf(x) =+ plogX (A.4)
Taking the antilogarithm:
f(x) = 10*F1o8X — 107 10/108 % — 107X/ (A.5)
10-fold increase in outcome:
£(10x) = 10*(10x) = 10"10°x# = F(x)10/ (A.6)
50% increase in outcome:

f(1.5x) = 10%(1.5x)" = 10"1.5x" = f(x) 1.5" (A.7) Andersen, 2005
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Interpretace - logaritmy

Im(formula = loglO(vitd) ~ country + bmi + country:loglO(vitdintake) -

1, data = women)

Estimate Std. Error t value Pr(>|t])
countryDenmark 1.523693
countryFinland 1.729285
countryIreland 1.824750
countryPoland 1.579786 2e-16 **x*
bmi -0.009619 0.003069 -3.134 .00198 **
countryDenmark:1ogl0 (vitdintake) 0.434867 0.061992 7.015 3.32e-11 **x*

0.
0.
0.

.100271 15.196
.127440 13.569
.111454 16.372
.103125 15.319

2e-16 **x*
2e-16 ***

0
0
0 2e-16 ***
0

O AN AN AN A

countryFinland:1ogl0O (vitdintake) 174453 0.087081 .003 0.04646 ~*
countryIreland:1ogl0 (vitdintake) 091818 .139 0.25596
countryPoland:1ogl0 (vitdintake) 226312 .974 9.80e-05 **x*

.080599
.056947

w =N

0
0

Jéinek zvy$eni o jednotku BMI: vynasobeni 10-0009 = 0,978 ... pokles 0 2,2%

Jéinek zdvojnasobeni pfijmu v Dansku: vynasobeni 204349 = 1,352 ... narst o 35%

R¥kigy,
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