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Generalized Linear Regression for Binomial Data

Data Structure

No. of total observations
No. of used observations

No. of used variable(s)

Variable List

Category Variable
Dependent variable low
Independent variable (categorical) smoke

Independert variable (continuous) age

Analysis Description

Analysis model

Dependent variable

Levels of dependent vanable
Explanatory variable
Interceptincluded

Lirk function

Vanable selection
Validation method

Prediction using new dataset

N  Nvalid  (%.valid)
189 189 (100.00%)
189 189 (100.00%)
189 189 (100.00%)

logistic regression

low

O(baseline), 1

smoke, age

TRUE

logit

FALSE

Validation using training dataset

FALSE

189
189
3
N.miss
0
0
0

(% .miss)
(0.00%)
(0.00%)
(0.00%)
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[Data Structure]
* No. of total observations : FIX| JH&| 2~
 No. of used observations : 2A10{| AL =l JHX|| 4~

+ No. of used variable(s) : 2AI0)| AFREl B{40| 2

[Variable List]

© 2N AEEONE HE2 RO (N.valid), R =T

= E(%.valid), ZZ4=(N.miss), ZETH4
E(%.miss)?t EHELIC

=

[Analysis Description]
* Analysis model : [#H=487X]> [ H|0|H YAl]
« Dependent variable : [fH4d

+ Levels of dependent variable : [H=MH] > [S5H 4] > [P XMHE] XHEE (00| baseline)

* Explanatory variable : [f=27] > [2Y# 10 X|"g &l H= (smoke, age)

+ Interceptincluded : [HaMdE] > (M8 ZESHA| 23] X3 o{F (L)

+  Link function : [#Ha4%] > [918E 4] X1H &5 (logit)

* Variable selection : [f==EH] > [ (B0 |3 O 2 (1B Okl

*+  Validation method : [XI22<] > [EAUHS] XE &5 (ZE HIO[HE 230l 0|8)

+  Prediction using new dataset : [At22E] > [0F] > [REHS] XHE 5 (| Z0]0[E X7 ¢t

&)
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Results of Generalized Linear Regression for Binomial Data

Coefficient Estimates from simple regressions

Lower Upper

L Upper bound bound

f f

Estimate ?;’;: SE vazm v:;;e ;;:"'g:gr ;;1"':;;'., 95£rm 95£rc|
Estimate Estimate Odds Odds

ratio” ratio”

smokel 07041 20219 03196 22026 00276 00776 1.3305 10807  3.7831
age 00512 00501 00315 -16232 01045 -0.1129 0.0106 08932 10107

"Wald confidence intervals were calculated.

« Simple regressions with a single covariate were conducted, and coefficients from each regression were summarized.

Coefficient Estimates from aregression

' Lower Upper

Lower Upper bound bound
Odds 2 P bound of bound of of of
Estimate - SE - - 95% CI 95% ClI 95% 95% VIF
i el | S for for cifor  Clfor
Estimate’ Estimate’ Odds  Odds
ratio ratio

(Intercept) 0.0609 10628 07573 00804 09359 -1.4234 15452 0.2409 46890
smoke1 0.6918 19974 0.3218 21499 00316 0.0611 1.3226 1.0630 3.7531 1
age -0.0498 09514 0.0320 -1.5570 0.1195 -0.1124 00129 0.8936 1.0130 d

“Wald confidence intervals were calculated.

(Dispersion parameter for binomial family takento be 1)
Nul deviance: 234.67 on 188 degrees of freedom
Residual deviance: 227.28 on 186 degrees of freedom
AIC:233.3

Number of Fisher Scoring iterations: 4

RS 16

[Coefficient Estimation from simple regressions]
¢+ 8 SRS MR M8t the M| 2 d Zatiu|ch

H|§o EH | M= QX7 2.0219 (95% 12|22t 1.3305, 1.0807) B SIt5HH,

o AT FL 1M S M MHFY 2=710.9501 (95% 212|717+ 0.8932, 1.0107) Hif 245}
M, Ol= SAH L= FISHX| 45 LICHP=0.1045).

[Coefficient Estimation from a regression]

- Of2] SEHLS SAI0] Tafd (15D H0| LTt

« 10| Y= MEHol|M S12| K| Sof CHet & %%i SHEM, IS Cit] S0 AL MMF
Y 2X711.9974 (95% 212|712k 1.0630, 3.7531)Hi 2 FOHX|H 0| = SAHS 2 FSfLIC
(p=0.0316).

o SUSHSUMEIE MESIUCt D T ih, Ao ¢1R40| 1M 22t2 I, MAHSY 2=7+0.9514
(95% A12|717t0.8936, 1.0130)HI2 HOFX|LL, O]= EHX O 2 Q0|6kX| O4&LICH(p=0.1195).

+ VIFPt 25 100 2o 82 HE34d 2 M2 EAoHA| =Tt TEHELCH

o« D% Mhnt 2El 0|2 = (deviance), Akaike information criterion(AlC), 24274

8t 2~(Number of Fisher Scoring iterations)O| H|A|Z|0f Ql&L|C},
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Analysis-of-Deviance Table

Model Effect (Goodness of Fit Test)

Deviance DF(Deviacne) Chisq DF(Chisq) P-value
Proposed model 2272763 186 7.3957 2 00248
Null model 2346720 188

« Note : 'Null model' means the model including only intercept and 'Proposed model' means the model including al
explanatory variables including interaction eflect.

Variable Effect with Typelll SS

Deviance DF(Deviacne) Chisq DF(Chisq) P-value
Proposed model 2272763 186
smoke 2319120 187 46357 1 00313
age 2208046 187 25283 1 01118

« Note :Intype ll test, 'Proposed model' means the model including all explanatory vanables including interaction effect.

The other rows are the testing resutts for each effect after the other effect.

Model Fitness Measurements

Value DF

Deviance 2272763 186
Pearson's chi-square 187.0277 186
-2*log-ikelinood 2272763 3
AlC 233.2763
BIC 243.0015

« A model witha smaller value is better.

Pseudo R-squared Measures

fitting null model for pseudo-2

G2 McFadden r2m racu

7.3957 0.0315 0.0384 0.054

o= HEY Y

[Analysis-of-Variance Table]
[Model Effect (Goodness of Fit Test)]

+ AZDHO| HHF OOl HES M |of HFBHx Bolot

| |
= =
HEYOZ p=0.0248Z £|Z2YO0| AL Z RSICH TEISIL|CH

[Variable Effect with Type Ill SS]
o XZ2Y LIOIAM JHE HaE0| RO S =oleh & UGLICE

* smoke H==2| A2 p=0.03132 R2|=F 0.05 510l M SHX = Flotitn THEFELICE

* age #19| R p=0.11182 R2|F 0.05 5tof| A SHX 22 ROISHA| 4Lt THEHEILICE

[Model Fitness Measurements]

o 2O MY LIEH= KBt SHELICH. S 0|0 thal o121 JHe| ZHoM K= K&
tEE B2 HII'.. IHSOIAIE, SR 2E 2 ofLt 0|22 iAo o/0|2t Gl LI

[Pseudo R-squared Measures]

* Z|ZEHO| CO|E{of Hgletx| 2felotr| {3, O|YAtZ 2|7 20 A HAlSH= Pseudo &=t
2EE SHTYLICE

» (G2 =difference of the null deviance - model deviance : 7.3957
* McFadden = McFadden pseudo-Rsquared : 0.0315
* r2ML = Cox and Snell pseudo-Rsquared &= ML pseudo-Rsquared) : 0.0384

* r2CU = NagelKerke pseudo-Rsquared E+= CraggUhler Rsquared : 0.054
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Goodness of Fit Test

Analysis-of-Deviance Table (Likelihood Ratio Test)

Deviance DF(Deviacne) Chisq DF(Chisq) P-value
Proposed model 2272763 186 7.3057 2 0.0248
Null model 2346720 188

« Note - ‘Nullmodel' means the model including only interc ept and 'Proposed model' means the model including all
explanatory variables including interaction effect.

HosmerLemeshow test

X-squared df p-value
9.3666 8 03123

Mt 18

[Goodness of Fit Test (Likelihood Ratio Test)

* Z|ZEHO| ClO|E{of Hgfotx| &feloty| 93, S&H+S OtR AU E ZEBHX| @42 Null model CHY|

=

sixfo] 20| Qolet XH0| 7t LE=X| Elstr| Q{et HH O 2 p=0.02482 Null model CHE| £|Z2
o[ 90|UE HEHS A ATk TEHLICE

[Hosmer-Lemeshow test]
o EXAE P ZYOIM MY Y Al A5 ALESH= HELE HRIMEE '20| H|o|Eol| = &
oL YLICE p=0.312322 R9|+F 0.05 Sl0{|A RIS 7|21 £~ gl B2, 3ixf 20| O
O|E{of| & Xt Ctn ThetetL|Ch,
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[Classification Table - cut point: 0.5]
Classification Table - cut point : 0.5

« [EES4] > [ERE]E Mot B2 SHELICH 2SI oIS A0|Q] F2=H=E SelgtL|ch
Trinng demst 9|2 Yol ofsh AH=E =HE740] 0.5 0|2l B2 0%340] 1, 0.5 O[T B 022 #RELCLE
Fitted_0 Fitted_1 Fitted_Total A HO|Efol| M BtEZt oS 25 021 2= 130, &2t 052 2% 191 A= 1902 189
opsened0 10 ° 120 A & 131917t el 2 REliLIC
Observed_1 58 1 59
Observed_Total 188 1 189
Diagnostic Accuracy Measure [Diagnostic Accuracy Measure]
Measure Description Value o | 2FHO| Cis BT E LIEHE =~ U= X HE FRISIASLICH
True positive (TP) 1 » True Positive/Negative (TP/TN): 2=t} 0| Z210] 25 1/09 2 LI2 JiK|4=
e peoEve (i 10 « False Positive (FP) : 2t£2t2 0, 0| Z242 12 LI JHM|
False positive (FP) 0
False negative (FN) 58 + False Negative (FN) : 25342 1, 0| Z 32 022 L2 JHiK|=
e oo * AUC: ZHO| ZITHE oL J|1F. 10| OPkg 8 S0t TEH (A 282 0.61112] ZIHEE 2=
Accuracy (TP+TN)(TP+TN+FP+FN) 0.6931
Balanced accuracy (TP/(TP+EN )+ TN/ATN+FP))2 05085 Chan e
Sensitivity (Sens) TP/(TP+FN) 0.0169 . Accuracy : Mt (Sx] 38| HEE L 0,6931)
Specificity (Spec) TN/(TN+FP) 1
False positive rate (FPR) FP/TN+FP) 0  Balanced accuracy : EHE Yt (34X 22| balanced accuracy+ 0.5085)
False negative rate (FNR) FN/(TP+FN) 0.9831 . Sensitivity : II2E (S13) @80| D12tz = 0.0169)
Positive predictive value (PPV) TP/(TP+FP) 1
Negative predictive value (NPV) TN/(TN+FN) 06915 * Specificity : £0|& (91X 22| £0|== 1)
False discovery rate (FDR) FP/(TP+FP) 0 « False positivie/negative rate (FPR, FNR) : FP2t FNO| H|E 2 2f2 1-2IZ &, 1-E0| =0 s
False omission rate (FOR) FN/(TN+FN) 03085
Positive likelihood ratio (LR+) sensFPR Inf « Positive/negative predictive value (PPV, NPV) : 0|%3£0] 1/021 JHK|E HEFE8
Negative lieklinood ratio (LR-) FNR/Spec 0.9831 + False discovery/omission rate (FDR, FOR) : 1-PPV, 1-NOVO{| szt
Diagnostic odds ratio (DOR) LR+AR- Inf
E1 score 2/(1/8ens+1/PPV) 00333 + Positive/Negative likelihood ratio (LR+, LR-) : LR+= 24+&, LR-= XH2E E2 X|HE

+ Diagnostic odds ratio (DOR) : 27 HEE Sdlf AlttEl TITHRQ ZH|

+ F1score: QIZE=Qf PPVl RoHE T, 253 SEE QI B0 XJ0|H I &= X HE RE
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. O:HX'" _ paqﬂl.jg [ROC curve]
- [E2EM]> [ROCEH]S M3t B FHFLICH Heidt 2X|AE 37|20  ROC ZH 12
ROC C
e o D2, RE ERE|H0| 50 2X|AS 3RO YL UEE T ERSUEX| JAIHoE &
ining
ol 4 gstic
+ 0J# 0fH2| ROC B2 71 27 4450| HoiX|= 20| A9 727|7H 191 Ziol 217| uf
Sofl 272l HeH0| S0 27| ofLct
£
E:E:-
E
o -
Nem ogram [Nomogram]
A 100
e « [224Z]oflM X3t @ IO EHELICH
o QIEEl A XBH0|| 2}, E91(smoke=1)0| 1 AR 9130| 33M|(age=33)2| ARt =2 I3 Q|
e i Ol O A| 2 | |0f YLICH L= 2 IH0f QP AME ST SaE0l HHSY 2B THel2 3
o 1

A 029112 2FE2|1H 0.5 2|F 22 FHHMSY 21012t o S E LT,

o
&
R ———— X
8

&

J 84
]

3

8

g

RS-

age

Total Points

v
ZIO 140 160
'
'
'
'
'
'
ass,
Linear Predict T T |*| T— T T T 1
-2.Z-Z2-1.8 -1.4 -1 4.8 0.4 o 02
'
'
'
'
'
'
'

Response scale r
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Validation using training dataset

N.non-missing
observations

Training 189 100 131 0.6931 00232 06111

Percent N.trueness Accuracy Kappa AUC

« Note : Be careful of overfitling in interpreting the resut of the training dataset

« Note : Formore measures of diagnostic accuracy, please use classification table option.

Used R Packages

« Generalized linear regression for binomial data - ‘gim' of R package 'stats'

« Conditional logistic regreesion : ‘clogif of R package 'survival, ‘mclogit' of R package 'mclogif
« Confidence interval for regression coefficients - ‘confint' of R package 'siats'

« Variance inflation factor (VIF) : 'vif' of R package 'ms'

« ANOVA table :'anova’ of R package 'stats', 'Anova’ of R package 'car'

« Model fitness measuremerts : 'residuals’, 'logLik, 'AIC", 'BIC' of R package 'stats'

Pseudo R-squared measures - 'pR2' of R package 'pscl'

Goodress offit test : 'anova’ of R package 'stats', 'hoslem test' of R package 'ResourceSelection'
ROC curve : 'predictiont, ‘performance’ of R package 'ROCR'

Cross validation : 'trainCortrol', train' of R package 'caref'

Predicted value - 'predict' of R package 'stats'

Confidence & Prediction interval for fitted & predicted value - 'predict' of R package 'stats'
Unstandardized residual - 'residuals' of R package ‘stats'

Standardized residual - ‘stdres' of R package 'MASS'

Studentized residual - 'studres' of R package 'MASS'

Cook's distance : 'cooks distance' of R package 'stats'

Linear predictor : 'predict of R package 'stats'

« Diagonals of hat matrix : 'hatvalues' of R package 'stats'

« Allresults other than those mentioned above were written with basic functions of R

‘ A B | C D | E F | G H | J K 18 M N Q |
Fitted_train_ Fitted_95CI_L Fitted_95CI_ Fitted
id age  race smoke lwt ptl ht ui ftv  bwt  low e train_ Pt . frrec T I e:_group
1 | £ -] x - - - - - | ~ GLM ~ |ower_train_| ~ Upper_trair - |_train_GLM ~
41 40 33 1 1 109 0 0 0 1 3033 0 0291117703 0.15601858 0.477074013

O|AXI=3| =N |k

[Validation using trainig dataset]
o [0l AL E 2 3/AI HI0|E{of Chet B ol Fete 37 ALICt

» 2&(Training) HIO|E{2 189712| CI[O|E{7 100% AFEE|H O, 0|F A0 s st= K=
131(N.trueness)2, = H|0|E{0f Lt A|ZR&0| etz = Accuracy 0.6931, Kappa YX|=
0.0232, AUC 0.61112 ZHEL|C}.

[Used R Packages]

o 2240 AL E R IH3|X|S0| LIZE|0] UFLICE.

- [EESA] > [(ME] > [EEXE] > (MY E] & [HHTYTe M 242 XEsii?| W20 gt
22 (Fitted_train_GLM), MetetZ2| 95% Al 2|12t (Fitted_95CI_Lower_train_GLM,
Fitted_95%Cl_Upper_train_GLM), M&tZlH(Fitted_group_train_GLM)O|2H= 420t A =l 24

© 51O|SF A Ol A
2 2HlE =+ UASLICL

+ [0 > [HOIE]] > [HE12|5:2 Sef 41201 334, BRI ARzte] AAOD} HHIZ QIR Bt

=] o
TS =i Zat ZY(Fitted_group_train_GLM=0)2.2 2R 23 &olz + QlFLICL



