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da

Mi a valoszinlisége egy adott betegsegnek a paciens bizonyos
megfigyelt jellemz8i (pl. nem, életkor, laboreredmények, BMI
stb.) alapjan?

Nehany pe

Mely genetikai polimorfizmusok hajlamositanak egy adott
betegségre vagy védenek attol? Mi a betegseq kialakulasanak
eselye eqy adott polimorfizmus hordozasa esetén?

Randomizalt kontrollalt kisérletben a kezelés hatasossagat
szeretnénk mérni, potencialis zavaro valtozok hatasanak
kiszirésevel. Meggyogyul-e a beteg, ha az adott kezelest kapja?



Logisztikus regresszios modell
p = esemény valoszin(sege

1
P = o= (BotBuXat+BnXn)

P _ o(Bo+BaXat +BnXy)

- D
p
In <1 —p) = Po + p1X1 + -+ BrXn
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Logisztikus regresszios modell
értelmezese

OddS(Xl, ...,Xn) = —= e(:BO'I':BlX1+”'+Ban)

odds(X{ +1) e (BotB1(X1+1)++BnXn)
odds(Xy)  eWBo+BiXi+—+BnXp)

e(ﬁl(X1+1))

_ B
SBixn ¢




Altalanositott linedris modellek

E(Y)=u= g_l(IBO + B1X1 + o+ BnXy)
g link fuggvény



Common distributions with typical uses and canonical link functions

Distribution | Support of distribution Typical uses Link Link function, Mean function
op 3 name XB = g(u)
Normal real: (—o0, +00) Linear-response data Identity X8 =p p=Xp
Exponential Exponential-response
real: (0, +00) po po Inverse | X8 = p~! p=(Xp)*
Gamma data, scale parameters
Inverse Inverse
real: (0 X8 = pu? — -1/2
Gaussian (0, +o0) squared B=n n=(Xp)
count of occurrences in
Poisson integer: 0,1,2,... fixed amount of Log XB=In(u) p = exp (XPB)
time/space
outcome of single yes/no
Bernoulli integer: {0, 1} gey
occurrence
count of # of "yes"
Binomial integer: 0,1,..., N occurrences out of N
yes/no occurrences
integer: [0, K)
— | ,u exp (Xp) 1
Categorical fovecrofineger: 0, 1) outcome of single K-way Hodt XA=n (1 - #) _e 1+ exp (Xﬁ} N 1+ exp (—Xﬂ)
g where exactly one element occurrence
in the vector has the value
1
count of occurrences of
different types (1 .. K) out
Multinomial | K-vector of integer: [0, N] types (1. %)

of N total K-way
occurrences

https://en.wikipedia.org/wiki/Generalized_linear_model




Pé

= head{df)

Age Gender Social stress
1 &5 1 3 Normal
2 56 0 2 Normal
3 &7 1 1 Normal
4 40 1 3 Normal
5 11 1 1 High
6 70 0 1 High
= summary( df )

Age Gender

M. :10.00 Min. 10
1st qQu. :26.00 1st Qu. :0
Median :39.00 Median :1
Mean 40,15 Mean :0
Ird Qu. :55.00 Ird qu.:1
Max. 70,00 Max. 1
Qutcome. 2 Qutcome.
M. 10,000 M. 10
1st Qu. :0.000 1st Qu.:0
Median :0.000 Median :1
Mean ;0. 317 Mean :0
Ird qQu.:1.000 Ird qu.:1
Max. 1. 000 Max. 1

Height weight Outcome.l Outcome.2 Outcome.3 Outcome.
170.
168.
190.
165.
175.
184,

. 000
. 000
. 000
. 521
. 000
. 000

. 000
. 000
. 000
. 509
. 000
. 000

[ I e IV I U Y L e

da adat

> df <- read.table("Togreg_df.txt", header=T, quote=

64.
60.
83.
76.
72.
71.

o e oW

social
;0.
1.000
2.000
2.
3
4

Min.
1st qQu. :
Median
Mean

Ird qu. :
Max.

Min.
1st Qu. :
Median
Mean

ird qu. :
Max.

000

017

. 000
. 000
Qutcome.
0. 000
0. 000
1.000
;0.
1
1

355

. 000
. 000

1 0

1 0

1 0

0 1

0 0

1 0
stress

ExtremeLow : 23

Low 1126

Normal 1689

High 1139

ExtremeHigh: 23

o OO

Height

Min.
1st qQu.:
Median
Mean

Ird qu.:
Max.

:131.
160.
1170,
1170,
1E80.
1213,

ORORREO&

= h W R oun

, sep="\t", as.is=F)

weight
Min. : 38.
1st Qu. : 64,
Median : 72.
Mean D T2
Ird qu.: BO.
Max. 101,

80
a0
a0
77
10
10

Qutcome.l
Min. :0. 000
1st Qu. :0.000
Median :0.000
Mean ;0. 448
Ird qu. :1.000
Max. 1.000



Logisztikus regresszio R-ben

> fit <- gIm( Outcome.l ~ Age + Gender + Social + Stress + Height + Weight,
data = df,
family = "binomial™ )

> summary( fit )



Fredmeny

= fit <- glm{ OQutcome.l ~ Age + Gender + Social + S5tress + Height + Weight, data

= summary({ fit )

call:

glm{formula = outcome.l ~ Age + Gender + Social + 5tress + Height +

weight, family = "binomial", data = df)

Deviance Residuals:
Min 1 Median E Ly ] Max
-2.5018 -0.7286 -0.4101 0.6520 2.3577

Coefficients:
Estimate std. Error z value pr{=|z|)

(Intercept) 1.794e+01 7.841e+02 0.023 0.982
Age 5.180e-02 5.275e-03 9,820 <2e-16
Gender 1.987e-01 2.720e-01 0.731 0.465
social &.076e-03 6.738e-02 0.120 0.905
StressLow -1.613e+01 7.841e+02 -0.021 0.984
stressNormal -1.926e+01 7.841e+02 -0.025 0.980
stressHigh -1.645e+01 7.841e+02 -0.021 0.983
StressextremeHigh -2.502e-01 1.091e+03 0. 000 1.000
Height -8.213e-03 EB.098e-03 -1.014 0.310
weight -9, 250e-03 9.944e-03 -0.930 0.352
signif. codes: 0 ‘===’ 0,001 *“**%° 0.01 **° 0.05 *.° 0.1

(Dispersion parameter for binomial family taken to be 1)

NMull deviance: 1375.46 on 999 degrees of freedom
rResidual deviance: 931.43 on 990 degrees of freedom
ATIC: 951.43

Number of Fisher Scoring iterations: 16

444

df, family = "binomial" }



Deviance Residuals:
Min 1g Median 3q Max
-2.5018 -0.7286 -0.4101 0.8520 2.3577
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Koefficiensek

Coefficients:

(Intercept) 1
Age 5
Gender 1.
social B
StressLow -1
stressNormal -1
StressHigh -1

StressExtremeHigh -2.
Height -B.
weight -9,

signif. codes: 0O

Estimate = f5;

oy ?

987e-01

.076e-03
.B6l3e+01
926e+01
. 04 5e+01

502e-01
213e-03
250e-03

0.001

Estimate std.
. 794e+01
.180e-02

W a2 o] ] =] SR R

ey

0.01

[T

Std. Error = A koefficiens standard hibaja
/ value = Estimate / Std. Error

Pr(>|z|) = A kapott ,,Z value” mennyire extrém standard

normalis eloszlast feltételezve

Error z value Pr(=|z|)
. B41e+02
L275e-03
.7 20e-01
.7 38e-02
. B41e+02
841 e+02
. B41e+02
.091e+03
. 098e-03
. 944e-03

023 0.982
. 820 <2e-16
731 0.465
.120 0.905
. 021 0.984
. 025 0. 980
. 021 0.983
. 000 1.000
. 014 0.310
. 930 0.352
0.05 “." 0.1

O



A modell j0saga

Null deviance: 1375.46 on 999 degrees of freedom
Residual deviance: 931.43 on 990 degrees of freedom
ATC: 951.43

Number of Fisher Scoring iterations: 16

Null deviance = Mennyire magyarazza az adatainkat az tres
modell

Residual deviance = Mennyire magyarazza az adatainkat a valtozo(ka)t
tartalmazo modell

AIC = Akaike information criterion



Kategorikus va

Coefficients:

Estimate std.

Error z value Pr(=|z|)

tozo referenciaérteé

ke

(Intercept) 1.794e+01 7.841e+02 0.023 0.982
Age 5.180e-02 5.275e-03 9,820 <le-16 ®¥#¥
Gender 1.987e-01 2.720e-01 0.731 0.465
social &.076e-03 6.738e-02 0.120 0.905
StressLow -1.613e+01 7.B841e+02 -0.021 0. 984
stressNormal -1.926e+01 7.B41e+02 -0.025 0.980
StressHigh -1.645e+01 7.841e+02 -0.021 0.983
StressExtremeHigh -2.502e-01 1.091e+03 0. 000 1.000
Height -8.213e-03 8.098e-03 -1.014 0.310
weight -9,2502-03 9.9442-03 -0.930 0.352
signif. codes: 0 ‘###*' 0,001 ‘**' 0.0l ‘*' 0.05 “.' 0.1 * ' 1
> summary( df$stress )
EXTremeLow Low Normal High ExtremeHigh
23 126 689 139 23
> df$stress?2 <- relevel{df$stress, ref = "Normal™)
= summary({ df$stress2 )
Normal ExtremelLow LOow High ExtremeHigh
689 23 126 139 23



call:

glm(formula = Qutcome.l ~ Age + StressZ + Gender + Social + Height +

weight, family = "binomial"”, data = df)
Deviance Residuals:

Min 1 Median 30 Max
-2.5018 -0.7286 -0.4101 0.6520 2.3577
Coefficients:

Estimate std.

{Intercept) -1.320753 1.465846 -0
Age 0.051801 0.005275 9
StressZExtremelLow 19. 259747 784.070503 0
stressZLow 3.128637 0.285380 10.
stress2High 2.812234 0.256385 10.
Stress2eExtremeHigh 19.009565 758. 76877 0
Gender 0.198700 0.271994 0
social 0.00BO76 0.067384 0
Height -0.0082132 0.008098 -1
weight -0.009250 0.009944 -0
signif. codes: 0O “#*#%' (0,001 °***%' 0.01 *#’

(Dispersion parameter for binomial

Null deviance:
Residual deviance:

ATIC: 9531.43

1375.46
931.43

on 999
on 990

Error z value pPri{=|z|)

. 901
. 820
. 025
963
969
. 025
. 731
.120
. 014
. 930

0.05

0. 368
<2e-16
0. 980
<2e-16
=2e-16
0. 980
0.465
0.4905
0.310
0.352

. 0.1

family taken to be 1)

degrees of freedom
degrees of freedom

R

R

=l

1



Interakcio vizsgalata

= it <- glm{ outcome.2 ~ Gender + Social, data = df, family = "binomial”™ )
= summary({ it )

call:

glm{formula = Qutcome.2 ~ Gender + Social, family = "binomial”,
data = df)

Deviance Residuals:
Min 1 Median 30 Max
-1.6671 -0.7192 -0.4625 0. 84970 2. 3685

Coefficients:

Estimate std. Error z wvalue Pr(=|z|)
(Intercept) -3.14295 0.21858 -14.379 « Z2e-1l6 #®¥
Gender 0.40035 0.15414 2.597 0.00939 ==
social 0.96139 0.07479 12.854 « 2e-16 #*®¥

signif. codes: 0 *###' Q. 001 *#**' 0.01 **' 0.05 *." 0.1 * " 1
(Dispersion parameter for binomial family taken to be 1)
Null deviance: 1249.2 on 999 degrees of freedom

Residual deviance: 1024.6 on 997 degrees of freedom
ATIC: 1030.6



Interakcio vizsgalata

= it =- glm{ outcome. 2 Gender * SDcia1,|data = df, family = "binomial” )
= summary({ it )

call:

glm{formula = outcome.2 ~ Gender * sSocial, family = "binomial"”,
data = df)

Deviance Residuals:
Min 1 Median 3Q Max
-1.7838 -0.6549 -0.4735 0.9077 2.4311

Coefficients:
Estimate std. Error z value Pr(=|z|)

(IntEFEEpt) -4,.3233 0.3915 -11.042 <« Ze-1f ===
Gender 2.1913 0.4528 4,839 1. 20e-06 =%%
social 1.4216 0.1416 10.040 <« Z2e-1g #=#%
Gender :social -0.7202 0.1671 -4.310 1.63e-05 ===*
51gnif. codes: O f##%' Q_Q001 “#**' Q.01 “*' 0.05 . 0.1 * ' 1

(Dispersion parameter for binomial family taken to be 1)

Null deviance: 1249.2 on 999 degrees of freedom
Residual deviance: 1004.2 on 996 degrees of freedom
AIC: 1012.2



Interakcio vizsgalata

df, family = "binomial" )

fit.ni <- glm( Outcome.2 ~ Gender + Social, data

summary( fit.ni )

fit.wi <- glm( Outcome.2 ~ Gender * Social, data = df, family = "binomial" )

summary ( fit.wi )

library (scatterplot3d)

attach (df)

par (mfrow=c(1,2))

scatterplot3d(Gender, Social, E;edict(fit:ni,type_= "res onse";, color="red",
cex.s ols = 2, zlab = "Probability", main=" (no interaction)"
scatterplot3d(Gender, Social,agredict(fit.wi,type = "response"g, color="red",
cex.s ols = 2, zlab = "Probability", main=" (with interaction)")

par (mfrow=c(1,1))
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Melyik modell a helyes?

AIC, Akaike information criterion
Statisztikai modellek relativ josaganak mérése, informacioelméleti
alapon

* Mennyiinformaciot veszitink, ha az adott modellel reprezentaljuk
azt a folyamatot, amely az adatot generalta?

e Relativ mérdszam, modellek dsszehasonlitasa
e Paraméterek szamaval buntet => tulilleszkedés elkerUlése

AIC = 2k — 2In(L)
k: paraméterek szama
L: Likelihood, az adat valoszin(sége az adott modellt feltéve



AlIC haszna

AIC,, AIC,, AIC,, ..., AIC, R szému modell

ata

AIC,..,: minimalis AIC értek

Annak valoszinlseége, hogy az i. modell esetén legkisebb az
informacioveszteség (azaz ez a modell a legjobb):

1
Pyese=; = €xp (E (AICmin - AICi))



Melyik modell a helyes? Pe

fit.ni <- glm( Outcome.2 ~ Gender + Social, data

fit.wi <- glm( Outcome.2 ~ Gender * Social, data

AIC(no interaction) =1030.6
Alc(with interaction) =1012.2

AICmin = AIC(with interaction)

ID(Alc‘(no interaction) @ helyes modell) =

= eXp((AIC(with interaction) ~ AIC(no interaction) )/2)
~=0.0001

df, family

df, family

da.

"binomial"

"binomial"

)
)



Fovmassal dsszefuggd prediktorok

> summary({ glm{ Ooutcome. 3

call:

glm{formula = Qutcome.3 ~

Deviance Residuals:

MR 1qQ
-2.1430 -1.0481

Coefficients:

Median
0. 5816

Estimate std.

(Intercept) -9.55381 0.
Height 0.05635 0.

signif. codes: O

! C|.

(Dispersion parameter for

Null dewviance:
Residual deviance:
ATIC: 1258.7

1386.0
1254.7

~ Height, data

df, family = "binomial™ ) )

Height, family = "binomial"”, data = df)

3Q Max
1.0367 2.0055

Error z value Pr(=|z|)
apgoz?z -10.51 <le-16 #*¥#w
00533 10. 57 <le-1b #*¥¥

001 f#==° Q.01 %' 0.05 *." 0.1 ° " 1

binomial family taken to be 1)

on 999 degrees of freedom
on 998 degrees of freedom



Fovmassal dsszefuggd prediktorok

= summary({ glm{ outcome. 3

call:
glm{formula = outcome.3 ~

Deviance Residuals:

Min 10 Median
-2.0823 -1.0457 0. 5664
Coefficients:

Estimate std.
(Intercept) -5.115947 0.
weight 0.070845 0.
signif. codes: 0 “##=' (Q,

(Dispersion parameter for

Null deviance: 1386.0
Residual deviance: 1257.9
ATC: 1261.9

~ Weight, data df, family = "binomial”™ ) )

weight, family "binomial", data df)

Max
2.2167

3Q
1.0315

Error z value Pri=|z|)
500095 -10.23 «le-16 #F¥
006816 10. 39 «le-16 ¥F¥

001 “#*' 0.01 **° 0.053 *." 0.1 °* ' 1

binomial family taken to be 1)

on 999 degrees of freedom
on 998 degrees of freedom



Fovmassal dsszefuggd prediktorok

> summary({ glm({ Ooutcome.3 ~ Height + weight, data

call:
glm{formula = outcome.3 ~ Height + weight, family
data = df)
Deviance Residuals:
Min 1Q Median 30 Max
-2.1491 -0.9733 0. 5460 0.9552 2.4369

Coefficients:
Estimate std.
(Intercept) -10.122394

Error z value Pri=|z|)
0.924542 -10.949 <« Ze-16

Height 0.039178  0.005846 6.701 2.06e-11
weight 0.047992 0.007433 6.456 1.07e-10
signif. codes: 0 *#*#*' 0,001 *“#**° 0.01 **' 0.05 °

(Dispersion parameter for binomial family taken to
Mull deviance: 1386

ATC: 1216

on 999 degrees of freedom
Residual deviance: 1210 on 997 degrees of freedom

= df, family = "binomial"™ ) )

= "hinomial",

R
R

R

0.1 1

bhe 1)



Fovmassal dsszefuggd prediktorok

= summary({ glm{ Ooutcome. 3

call:

glm{formula = outcome.3 ~
data = df)

Deviance Residuals:
Min 1 Median
-1.7141 -0.7703 0,736

Coefficients:

Estimate std.

(Intercept) -1.860133 1
Gender 2.025314 ]
Height 0.002790 ]

0

weight 0. 005059

Signif. codes: 0 *##*=' Q0
(Dispersion parameter for
Null deviance: 1386.0

Residual deviance: 1132.9
ATIC: 1140.9

~ Gender + Height + weight, data

Gender + Height + weight, family

E o] Max
0.7736 1.7481

Error z value Pr(=|z|)
L303476 -1.427 0,154
241496 8. 387 <re-1g #EF
. 007297 0.382 0.702
009025 0. 561 0.575

L0011 St Q.01 ' 0.05 . 0.1
binomial family taken to be 1)

on 999 degrees of freedom
on 996 degrees of freedom

df, family = "binomial"™ ) )

"hbinomial",

1



Fovmassal dsszefuggd prediktorok

= summary({ glm({ outcome.3 ~ Gender, data = df, family = "binomial™ ) )
call:
glm{formula = outcome. 3 ~ Gender, family = "binomial"”, data = df)

Deviance Residuals:
Min 10 Median 30 Max
-1.65%25% -0.7631 0.7678 0.7678 1.6589

Coefficients:
Estimate std. Error z value Pri=|z|)

(Intercept) -1.0847 0.1052 -10.32 <2e-16 #*#*
Gender 2.1554 0.1454 14.82  <2e-16 ##®
signif. codes: O ®###' Q0,001 °“#**° Q.01 **' 0.053 °*." 0.1 * " 1

(Dispersion parameter for binomial family taken to be 1)

NMull deviance: 1386.0 on 999 degrees of freedom
Residual deviance: 1133.4 on 998 degrees of freedom
ATC: 1137.4



Egymassal 0sszefuggd prediktorok

Melyik modell helyes?
Melyik valtozo hatasa szignifikans?

Modell (Outcome.3 ~)

P(jobb modell,

mint a

Szignifikans
valtozé

Height

Weight

Height + Weight

Gender + Height + Weight

Gender

1258.7
1261.9
1216

1140.9
1137.4

legjobb)
~ 0%
~ 0%
~ 0%
~17.4%
legjobb

Height

Weight

Height, Weight
Gender

Gender



Hasznos fuggvenyek

summary(fit) # display results
confint(fit) # 95% Cl for the coefficients
exp(coef(fit)) # exponentiated coefficients

exp(confint(fit)) # 95% Cl for exponentiated coefficients
predict(fit, type="response") # predicted values

residuals(fit, type="deviance") # residuals



Feladat:
Outcome.4 va

{0z0 VIZ584d ata
Mely valtozok szignifikansak?

Melyik a legjobb modell?

Van interakcio?

Tablazat elGallitasa:

Koefficiensek (exp)

95% konfidencia intervallum (exp)
p-érték

Modell értelmezése?



