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Logistic regression
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Logistic regression
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Odds ratio (OR)

Outcome (Disease)

Yes No
Yes d b
Exposed
No C

Odds ratio (OR) = i/b _ad

/q bc

* OR =1, No association

* OR > 1, Positive association
(possibly causal)

* OR < 1, Negative association
(possibly protective)

18 s 58

TER 1 e

1-year ynortality or
14-day readmission

Yes No

Cardiovascular Ye€S 15 91

disease No

156

Odds ratio (OR)

TABLE 3 | Predictors of 1-year mortality or 14-day readmission outcome in
patients with PAC.

Simple model

OR (95% CI)

Model 1

OR (95% CI)

Age 1.056
(1.01-1.09)
Female vs. 0.76
male (0.28-2.05)
BMI 0.77
(0.66-0.90)**
Cardiovascular 5.14

disease

(1.81-14.62)"

1.01
(0.98-1.09)

0.74
(0.62-0.89)"*
4.90
(1.46-16.41)*

15156

91x%5
2340

455

5.14

Weng SC, Hsu CY, Shen CC, Huang JA, Chen PL, Lin SY. (2022). Combined Functional Assessment for Predicting Clinical Outcomes in Stroke Patients After Post-acute Care: A Retrospective Multi-

Center Cohort in Central Taiwan. Front Aging Neurosci, 14, 834273.




Logistic regression

TABLE 3 | Predictors of 1-year mortality or 14-day readmission outcome in
Exa m p I e. 1 patients with PAC.

##31 [1-year mortality or 14-

Simple model Model 1 Model 2 . B R
day readmission] %58 F]+

OR (95% CI) OR (95% CI) OR (95% CI)

Age 1.05 1.01 1.01
(1.01-1.09)* (0.98-1.05) (0.97-1.05)
Female vs. 0.76
male (0.28-2.05)
BMI 0.77 0.74 0.74
(0.66-0.90)**  (0.62-0.89)** (0.62-0.89)**
Cardiovascular 5.14 4.90 6.36
disease (1.81-14.62)"* (1.46-16.41)" (1.82-22.19)**
ACCI 1.16
(0.95-1.42)
Improved 0.65 0.69
functional (0.54-0.79  (0.55-0.86)"
numbers
Improved 0.12 0.16
functional (0.04-0.31)* (0.05-0.45)*
numbers (=5
vs. <b)



Logistic regression

SPSS dataset OUILEIMGE
o/2) 0000000000000
MO | sex MName " Type "W" Decimals | Label | Values

1 1 0 2 1 Mumeric 8 0 MNone
2 2 0 2 2 Y1 Mumeric 8 0 1-year mortality or 14-day readmission outcome {0, Noj. .
3 3 0 1 3 age Mumeric 8 0 Age MNone
4 4 0 2 4 sex Mumeric 8 0 Sex {1, Male}. ..
5 5 0 2 5 bmi Mumeric 8 0 BMI Mone
6 b 0 2 6 cvd Mumeric 8 0 Cardiovascular disease {0, Na}..
7 7 0 1 7 acci  Numeric 8 0 ACCI MNone
g 6 0 1 g ifin Numeric 8 0 Improved functional numbers Mone
J 3 0 2 ] ifn Numeric 8 0 Improved functional numbers (= 5vs. < 5) {0, No}....
10 10 0 2 10 P01 Mumeric 8 0 Improved funtionality MRS {0, Na}...
11 11 0 2 11 P02  Mumeric 8 0 Improved funtionality ADLs {0, Nao}...
12 12 1 1 12 P03 MNumeric |8 0 Improved funtionality |ADLs {0, Ma}...
13 13 0 2 13 P04  MNumeric |8 0 Improved funtionality FOIS {0, Na)...




Logistic regression

4 1 23k jF 2 = ~Logistic
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Weng SC, Hsu CY, Shen CC, Huang JA, Chen PL, Lin SY. (2022). Combined Functional Assessment for Predicting Clinical Outcomes in Stroke Patients After Post-acute Care: A Retrospective Multi-
Center Cohort in Central Taiwan. Front Aging Neurosci, 14, 834273.




Logistic regression
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Logistic regression

4 ¥ 21k §F 2 = ~Logistic

t& Logistic Regression

Dependent:
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Covariates:

T2 Logistic Regression: Define Categorical Variables

Categorical Covariates:

sex(Indicator(first))

k2

Change Contrast

Contrast Indicator  ~ |[Chanage]

Reference Category. () Last @ First
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t8 Logistic Regression: Options *

rStatistics and Plot

Classification plots

Correlations of estimates

Hosmer-Lemeshow goodness-offit | lteration history %
Casewise listing of residuals CIforegp(El) 9 %
@ Outliers outside |2 std. dev.
@ All cases
~Display

@ At each step © At |laststep

~Probability for Stepwise

Entry: Removal:

Classification cutoff
Maximum lterations:

Conserve memary for complex analyses or large datasets

Include constant in model
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Logistic regression (sPss output)

Variables in the Equation OR
Il
| 95% C.|.for EXP(B)
B SE. Wald df Sig. Exp(B) Lower Upper
Step 1 sex(1) -273 506 .292 1 589 761 282 2.080
Constant -2.424 279 75.536 1 .000 .0gg
a. Variable(s) entered an step 1: sex.
Dependent:
| | |i51—yearmnrtalmr ar 14-day rea..
Block 1 of 1
Mext
Covariates:
age
brmi 1les in the Equation
cvd(Cat) 95% C.|.for EXP(B)
ifn ald df Sig. Exp(B) Lower Upper
Step 1 age 014 020 502 1 478 1.014 875 1.055
bmi -.297 093 10.151 1 001 743 619 892
cvd(1) 1.689 617 6.631 1 010 4 898 1.462 16.414
ifr1 -372 12 11.051 1 001 639 A53 858
Constant 4,344 2.648 2.692 1 01 77039

a. Variable(s) entered on step 1: age, bmi, ovd, ifn.

Simple model

OR (95% ClI)

Female vs. 0.76
male (0.28-2.05)
Model 1
OR (95% CI)
Age 1.01
(0.98-1.05)
Female vs.
male
BMI 0.74
(0.62-0.89)*
Cardiovascular 4.90

disease
ACCI

Improved
functional
numbers

(1.46-16.41)"

0.69

Adjusted age, BMI,

CVD "T‘ J}F]’f %E-'H} T8
—fi-‘i%’*f't-— W - &

A= A14% L MR

H ' T 10,69 12

(7 > 31%)
(p =0.001)

(0.55-0.86)**

Weng SC, Hsu CY, Shen CC, Huang JA, Chen PL, Lin SY. (2022). Combined Functional Assessment for Predicting Clinical Outcomes in Stroke Patients After Post-acute Care: A Retrospective Multi-

Center Cohort in Central Taiwan. Front Aging Neurosci, 14, 834273.




Logistic regression

Example.Z ¥4 [R¥ )
ol AE

Table 5 Logistic regression analysis of factors associated with depression / g; _?,EK I_;—‘] o
Factors Univariate Multi

OR 95%Cl p value OR 95%ClI p value
Age 0.95 (0.90- 1.01) 0.084 0.96 (0.90- 1.03) 0.279
Sex (male vs. female) 0.59 (0.19- 1.86) 0.365 0.92 (0.20- 4.30) 0912
PSQI>13 967 (2.56- 36.52) 0.007** 7.06 (1.37- 36.50) 0.020*
THI-CM > 47 12.83 (3.46- 47.65) <0.001** 743 (1.73- 32.02) 0.007**

*n<0.05, **p<0.01. OR, odds ratio; Cl, confidence interval; Depression, Patient Health Questionnaire-9 = 10 ; PSQI, Pittsburgh Sleep Quality Index; THI-CM, Chinese-
Mandarin version of the Tinnitus Handicap Inventory




Logistic regression
SPSS dataset | Outcome

| (0/1)

NO | age | sex tinl | psq | tin Name | Type | Width |Decimals|  Label Values
1 Bh 1 73 1 i 0 11 14 1 MO Mumeric 171 ] EEE Mone
2 0 56 0 0 0 3 14 Ildep Mumeric 8 0 Depression {0, No}...
3 0 50 0 0 0 A 12 Ilage Mumeric 8 0 Age MNone
1 0 61 1 0 0 4 12 Ilaex Mumeric |8 0 Sex {0, Female}...
5 psql  Numeric 8 0 PSQl > 13 {0, No}...
L 0 b4 0 0 0 9 12 _ _
6 |tint Numeric 8 0 TIN-CM > 47 {0, No}...
6 0 o1 ! 0 0 5 10 ilpsq Mumeric |8 0 PSQl Mone
! 0 25 1 0 . 4 10 8 tin Numeric 8 0 TIN-CM None
] 0 26 0 0 0 8 10 II
9 0 70 1 0 0 5 B II
1 1 0 0 1 6 1 |
0 1 0 0 13 4 12
0 1 0 0 11 s 1B |
0 1 0 0 4 4 II

Variable View




Logistic regression
A'\ *ﬁ_ 9 31 E’!? 9 = =y I. o gi Sti C 8 Logistic Regression: Define Categorical Variables X

Covariates:

Categorical Covariates:

sex(Indicator(first))

i# Logistic Regression psq1(indicator(first))
fin1(Indicator(first))

Dependent: E
|‘3 ERAE [NO) | | & Depression [dep] |
& Age [age] ~Block 1 of 1

Sex [sex]

P et
&, PsQl =12 [psqg]
&5 TIN-CM = 47 [tin1] Covariates: o ndicator ~ || Ghange |
f PSQl [psq) age Reference Category. ) Last @ First
&% TIN-CM [tin]

sex(Cat) w m 2 Logistic Regression: Options X
Q ps q1 I[CElt} rStatistics and Plots
tin1(Cat) Classification plots Correlations of estimates

Hosmer-Lemeshow goodness-of-fit Iteration history

Casewise listing of residuals £Cl for exp(
Method: |Enter - @ Outliers outside

2 std. dewv.

@ All cases
Selection Variable:

-Display
Q | | RH|E... | @ At each step © At last step
rProbability for Stepwise Classification cutoff
(Lox ) (Easte ) (meset ) (Cancet) _riee ) coo 05 | emosst o |

Maximum lterations:

Conserve memory for complex analyses or large datasets

Include cengtant in model

(contgue) Lcancal) (o isien)




Logistic regression (spss output)

Variables in the Equation

OR 95% C.|.for EXP(B)
B S.E. Wald df Sig. ExplB) Lower Upper
Step 17 age -.039 036 1172 1 278 462 .BUE 1.032
sex(1) -.088 7848 012 1 g12 916 85 4.302
psag1(1) 1.955 B3B8 5.444 1 020 7.064 1.367 36.501
tin1(1) 2.008 745 7.248 1 007 7.433 1.726 32.016
Constant -104 1.936 003 1 957 901 /
a. Variable(s) entered on step 1: age, sex, psqgl, tint. /

Adjusted age, sex, PSQl scores >13,
THI—CM scores > 47+ <47 »
3 747 B m ek % - (p=0.007)

Chang TG, Yao YT, Hsu CY, Yen TT. (2024). Exploring the interplay of depression, sleep quality, and hearing in tinnitus-related handicap: insights from polysomnography and pure-tone audiometry.
BMC Psychiatry, 24 (1), 459. https://doi.org10.1186/s12888-024-05912-y.



Multinomial Logistic regression

Example

Table 4 Multinomial logistic regression of factors associated with THI-CM categorical

Univariate Adjusted for Obstructive sleep apnoea
Grade2 vs. Grade1 Grade3-5 vs. Grade1 Grade2 vs. Grade1 Grade3-5 vs. Grade1
OR (95%Cl) p value OR (95%Cl) p value OR (95%Cl) p value OR (95%Cl) p value
Male 095 (0.24- 3.75) 0.944 0.74 (0.20- 279) 0.657
Age 1.04 (0.97- 1.11) 0.273 0.98 (0.92- 1.04) 0466
BMI (kg;’mz} 1.07 (0.91- 1.25) 0418 1.07 (0.91- 1.25) 0409
Neck circumference (cm) 1.09 (0.95- 1.25) 0.204 097 (0.84- 1.12) 0674
Waist circumference (cm) 1.02 (0.96- 1.08) 0.509 1.01 (0.96- 1.07) 0601
PHQ-9 (total score) 1.07 (0.90- 1.28) 0449 137 (1.13- 1.66) 0.001** 1.00 (0.82- 1.22) 0.996 1.28 (1.04- 1.56) 0.017%
Depression 1.31 (0.37- 4.64) 0676 1643 (2.89- 93.41) 0.002*% 0.70 (0.15- 3.18) 0.640 8.68 (1.16- 63.32) 0.033*
Obstructive sleep apnoea 333 (0.78- 14.14) 0.104 16.80 (1.82- 154.89) 0013*
Subjective sleep quality 1.92 (0.78- 4.70) 0.155 6.15 (2.09- 18.04) 0.001#*
Sleep latency 0.96 (0.49- 1.88) 0912 1.69 (0.86- 332) 0.126
Sleep duration 1.11 {0.57- 2.17) 0.753 195 (0.95- 4.01) 0.06%9
Habitual sleep efficiency 1.66 (0.80- 3.44) 0172 214 (1.05- 4.36) 0037*
Sleep disturbances 4.54 (1.35- 15.22) 0.014* 6.72 (1.95- 23.22) 0.003*
Use of sleep medication 1.80 (1.10- 2.95) 0.019* 193 (1.19- 3.16) 0.008%*
Daytime dysfunction 258 (1.08- 6.19) 0.034* 378 (1.55- 9.26) 0.004%*
Apnea-Hypopnea Index 1.01 (0.98- 1.05) 0525 1.00 (0.97- 1.04) 0.799
Apnea-Hypopnea Index > 5 1.18 (0.29- 4.78) 0816 132 (0.33- 5.29) 0696

. *p<0.05, **p<0.01. Depression defined by PHQ-9=10. PHQ-9, Patient Health Questionnaire-9




Multinomial Logistic regression

* Dependent variable
—Nominal level ( > 2 groups)

* Independent variable
— Categorical / Continuous
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Multinomial Logistic regression

SPSS dataset Independent variable

NO tin3 s — 0 Depression 10, Mo}... | Depression 0, Yes} Mone
1 1| 0 55 @ Value Labels & Value Labels
2 2 - 2 1 59 ‘Ig Value Labels
: 3 z 0 61 0=N \ 1=Y. Vape:| |
4 4 1 0 51 |_ o A=t Laer | |
7
: ° : 0 46 0="No" .~ 0="Yes"
& G 2 ] 59 1="Yasg" 1="Mo"
[ T 2 ] 52
MName Type Width Decimals Label Values
J
g g 3 1 50 NO Numeric il 0 BE None ° ° . .
q q 2 0 54 tin3 Numeric 8 0 TIN-CM categarical {1, Grade 1}... MUItInomlaI Loglstlc
10 10 3 0 49 Vel abel X * Independent (Categorical)
bmi Value Labels 3E 2 |_ I L)
11 11 2 1 37 T > Reference (g 3k ' #Hcie < | )
12 12 1 G Latet| | - 0 (Yes) vs 1 (No)
1 s 1="Grade 1" ~
(— ', 1= G - 1 (Yes) vs 2 (No)
Data View | Variable ‘ufj;w Ei;:c In et
ps02
Dependent =
g [ 0K ][Cancel][ Help ]
( 1 / 2 / 3) Variable View

Chang TG, Yao YT, Hsu CY, Yen TT. (2024). Exploring the interplay of depression, sleep quality, and hearing in tinnitus-related handicap: insights from polysomnography and pure-tone audiometry.
BMC Psychiatry, 24 (1), 459. https://doi.org10.1186/s12888-024-05912-y.



Multinomial Logistic regression

A 723k §F > % 78 3\ Logistic

@&nalyze DirectMarketing ~ Graphs  Utilties ~ Add-ons  Window  Help 12 Muktinomial Logistic Regrg— %
P o —3
Descriptive Statistics 3 : : B = b FHELHELS
& EBTE MO
e P : - & TIN-CM categoric | | Statistics...
Compare Means » | psO7 ahi ahilc | sex Raw goric... —
Male [sexc]
General Linear Model 2 3 45 0 &5 )
= 5 P 1 & Age [age] Factor(s): Outions
Generalized Linear Models } . up
_ 1 3 0 &2 BMI (kg/m2) [omi]
Mixed Models . ] 13 0 &% Neck circumstan...
Correlate 4 . \ \ &2 Waist circumstan... Bootstrap. .
CZ) Regression ¥ | [ Automatic Linear Modeling... & PHQ-9 (total scor...
Loglinear » e &5 Depression [ph1c]
b Obstructive sleep... : :
G ELE s s ETI Residual Heteroscedasticity Test. g Subiedii | Covariate(s).
- ubjective sleep ..
Classify b
Regression Relative Importance
Dimension Reduction 3 ¢ Sleep latency [ps..
ceal X Curve Estimation... &7 Sleep duration [p... -
cale _
Nonparametric Tests 3 [ Tobit Regression.. ﬁ Habluzl sleep eff.
~ _ fog Robust Regression... ¢ Sleep disturbanc... =
Forecasting P P hal
Survival N Bui Quantile Regression.. C] [ Reset ][Cancel ][ Hel ]
Multiple Response , Partial Least Squares...
f' PS Matching Heckman Regression
Missing Value Analysis.. [ Binary Logistic...
Multiple Imputation @ E Multinomial Logistic...

Chang TG, Yao YT, Hsu CY, Yen TT. (2024). Exploring the interplay of depression, sleep quality, and hearing in tinnitus-related handicap: insights from polysomnography and pure-tone audiometry.
BMC Psychiatry, 24 (1), 459. https://doi.org10.1186/s12888-024-05912-y.
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Multinomial Logistic regression

A 723k §F > % 78 3\ Logistic

%2 Multinomial Logistic Regression x

Dependent:

& NO - tin3(First)
; SEXC Reference Category...
age
ﬁ bmi |Eal::tnr|:s}: |
| &> psgic

& nc

Criteria...

Sasiap

Dptions...

Save...

o
@5 phic | Bootstrap...

& ps01
& ps02 Categorical

%3 Multinomial Logistic Regre... X

Reference Category
{@]@Eirsmategnw
©) Last Category
£ Custom

....................

Category Order
@ Ascending
{©) Descending

| Continue || Cancel || Help |

1=Grade 1

2 = Grade 2

3 = Grade 3-5
P et

Grade 2 vs Gradel
Grade 3-5 vs Grade 1

& ps03 |t3c1|'u'E|riE|‘n:a(s]l
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Chang TG, Yao YT, Hsu CY, Yen TT. (2024). Exploring the interplay of depression, sleep quality, and hearing in tinnitus-related handicap: insights from polysomnography and pure-tone audiometry.

BMC Psychiatry, 24 (1), 459. https://doi.org10.1186/s12888-024-05912-y.
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Multinomial Logistic regression (spss output)

Parameter Estimates OR \
\ 95% Confidence Interval for Exp
(E)
TIN-CM categorical® B std. Error Wald df Sig. ExpiB) Lower Bound Upper Bound
Grade 2 Intercept -.561 G678 685 1 408
ph - o 000 1 Re 1.001 B23 1.216
[ps1c=0] 1.200 826 2111 1 46 3.318 Rilals 16.737
[psqlc=1] ob 0
Grade 3-5  Intercept -2.888 1.206 5735 1 017
ph 245 3 56849 1 017 1.277 1.045 1.561
[ps1c=0] 1.785 1.223 2152 1 142 6.018 LY GE.201
[psqte=1] iy 0
a. The reference categaory is: Grade 1.
b. This parameteris setto zero because it is recdupcdant.

Obstructive sleep apnoea PHQ-9 (total score)

\ 4

Chang TG, Yao YT, Hsu CY, Yen TT. (2024). Exploring the interplay of depression, sleep quality, and hearing in tinnitus-related handicap: insights from polysomnography and pure-tone audiometry.
BMC Psychiatry, 24 (1), 459. https://doi.org10.1186/s12888-024-05912-y.
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From log odds to probability

logistic regression model with 1 predictor X

Probability of ‘P Intercept
having the outcome e

Log Odds
Logit

N

Odds of the outcome

When X =0,
the intercept 30 is the log of the odds of having the outcome

https://quantifyinghealth.com/interpret-logistic-regression-intercept/



From log odds to probability

In(—) -, :P = gBot B1X

P = ePot B1X _ pobBot B1X
P(1+ ebBo+t B1X)= ebBot B1X

eBO'I' le
1+e€ Bo+ le

https://quantifyinghealth.com/interpret-logistic-regression-intercept/
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From log odds to probability

@ Logistic Regression

&5 NO

& Age [age]

& Sex[sex

& BMI [omi]

& Cardiovascular di...
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& Improved functio...
&5 Improved functio...
&5 Improved funtion...
&5 Improved funtion...
&5 Improved funtion...
&5 Improved funtion...
&5 Improved funtion...
&5 Improved funtion...
&5 Improved funtion...

&5 Improved funtion... =

Dependent:

rBlock 1 of 1

Previous

Covariates:

e

Metod: |Enter T

Selection Yariable:

|

| Rule...

o) e ) v ]

i

] @ Logistic Regression: Save

Group membership

rinfluence
Cook’s
Leverage values
DfBeta(s)

rResiduals
Unstandardized
Logit

Studentized
Standardized
Deviance

SPSS
probability

rExport model information to XML file

(Eronse)

Include the covariance matrix

\conione) LConcpt) L s

MO Y1
1 1 0
2 2 0
3 3 0
4 4 0
L) 5 0
B 6 0
7 7 0
8 g 0
9 9 0
10 10 0
11 11 0
12 12 1
13 13 0




ROC Curve Analysis

§ B AT 0 R R

—ﬁ P HECEIR RS (2 A 5)
e | 1

— K- BB A LR B
— % RV A I B T B

e (Cut-off value)
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ROC Curve Analysis

AUC

0.5 No discrimination

0.7-0.8 Acceptable discrimination

0.8-0.9 Excellent discrimination
AUC=0.8
0.9-1.0 Outstanding discrimination




ROC Curve Analysis

e Cut-point
N FE- P g 4 xfg,r»zl*f.sm = B3
B & FA e |

3 S

<« & E X > «— Kt I ! 5 >




ROC Curve Analysis

e Youden’s index
—E R R AR AR ET A

>\ —
) q,\‘

e Sensitivity + Specificity - 1
e Sensitivity - False positive

—Range 0-1
R A
ﬁq —-]' ‘E/%‘g
—Maximum

e Cut-point



AR

Gold Standard Test >ensitivity = (a+c)
Disease  Non-disease S i d
* Specificity = ——
a b P y (b+d)
Positive (True (False a+b .
Screen Positive) | Positive) * Positive predictive value, PPV =
Test C d (a+b)
Negative (False (True c+d _ o d
Negative) | Negative) * Negative predictive value, NPV = )

b+d a+b+

a+cC
c+d . _ (at+d)
Accuracy = (a+b+c+d)
. b
False positive, FP = ath)

C
(c+d)

False negative, FN =



AR

Sensitivity
(1 — Specificity)

* Likelihood ratio positive, LR+ =

(1 — Sensitivity)
Specificity

RAZRAEL = o B

* Likelihood ratio negative, LR- =

LR Interpretation

>10 Strong evidence to rule in disease
5-10 Moderate evidence to rule in disease
2-5 Weak evidence to rule in disease

0.5-2.0 No signification change in the likelihood of disease
0.2-0.5 Weak evidence to rule out disease
0.1-0.2 Moderate evidence to rule out disease

<0.1 Strong evidence to rule out disease

Source: Sackett, Richardson, Rosenberg, Haynes. Evidence-Based Medicine: How to Practice and Teach EBM. Churchill Livingstone, London, 1997.



ROC Curve Analysis

A ROC Curve B ROC Curve
Example *.. __
0.8 0.8
2 0° 2 06
2 2
E c
[ 1] @
i 0.4+ il 0.4-
0.743  (0.600-0.885) <0.001 s’ 0.688 (0.618-0.758) <0.001
0.07 T T T T 0.0 T T T T
0.0 02 0.4 0.6 08 10 0.0 02 04 06 08 10
1 - Specificity 1 - Specificity

Improved functionality in PAC settings
AUC  (95% Cl) p value

Sensitivity Specificity Accuracy PPV NPV

Outcome 1 0.743 (0.600-0.885) <0.001** 82.19 65.00 80.90 96.67 22.81
Qutcome 2 0.688 (0.618-0.758) <0.001** 70.97 65.00 66.41 38.60 87.84




ROC Curve Analysis

SPSS dataset

MO | Y1 age sex mu Type "W" Decimals | Label | Values
1 1 0 64 2 1 MNumeric |8 0 Mone
2 2 0 63 2 2 Y1 Mumeric 8 0 1-year mortality or 14-day readmission outcome {0, Noj...
3 3 0 61 1 3 age Mumeric 8 0 Age Mone
4 4 0 73 2 4 sex MNumeric 8 0 Sex {1. Male}...
5 b 0 79 2 5 bmi Mumeric 8 0 BMI Mone
6 ] 0 93 2 6 cvd Mumeric 8 0 Cardiovascular disease {0, Na}. ..
7 7 0 60 1 7 acci  Mumeric 8 0 ACCI Mone
i) B 0 67 1 8 ifn Mumeric 8 0 Improved functional numbers l\lnne
9 9 0 67 2 g ifn1 Numeric 8 0 Improved functional numbers ( = 5vs. < &) {0, Mo}...
10 10 0 66 2 10 P01 Numeric 8 0 Improved funtionality MRS {0, No}....
1 1 0 32 2 11 P02  MNumeric 8 0 Improved funtionality ADLs {0, No}....
12 12 1 66 1 12 P03 Mumeric 8 0 Improved funtionality |1ADLs {0, Nao}...
13 13 0f 2 2 13 P04  Mumeric 8 0 Improved funtionality FOIS {0, No}...




ROC Curve Analysis

A+ >ROCH 3

®5nalyze Direct Marketing  Graphs

Reports »
Descriptive Statistics 4
Tables 3
Compare Means »
General Linear Model 4

F Simulation..
Quality Contral b

@ ROC Curye..

#& ROC Curve

&5 MO

& Age [age]
& Sex[sex]
&7 BMI [bmi]

& ACCI [acci]

& Cardiovascular di...

&5 Improved functio...
& Improved funtion...
&5 Improved funtion...
&5 Improved funtion...
&5 Improved funtion...
& Improved funtion...
&5 Improved funtion...
&5 Improved funtion...

& Imoroved funtion...

Test Variable:

&% |mproved functional numbers...

State Variable:
- |&, 1-year mortality or 14-day rea... |

Value of State ‘u’ariabl

-

Display
[ ROC Curve
[ With diagonal reference line

@Estandard error and confidence inter'u'aii

[+ Coordinate points of the ROC Curve

(L6 ) esse st carc i

>

fi§ ROC Curve

&5 NO =
& Age [age]

& Sex [sex]

&% BMI [bmi]

&5 Cardiovascular di...
&% ACCl[acci]

&5 Improved functio...
&5 Improved funtion...
&5 Improved funtion...
&5 Improved funtion...
&5 Improved funtion...
&5 Improved funtion...
&5 Improved funtion...
&5 Improved funtion...

TestVariable:

@5’ Improved functional numbers...

State Variable:
- &) 1-year mortality or 14-day rea...

Value of State Variable(

Display
[ ROC Curve
[3/] With diagonal reference line
[+ Standard error and confidence interval
[&| Coordinate points of the ROC Curve

-

&% Imoroved funtion...

(L ) (esse | ose (conce e |

>

Weng SC, Hsu CY, Shen CC, Huang JA, Chen PL, Lin SY. (2022). Combined Functional Assessment for Predicting Clinical Outcomes in Stroke Patients After Post-acute Care: A Retrospective Multi-
Center Cohort in Central Taiwan. Front Aging Neurosci, 14, 834273.
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ROC Curve Analysis (spss output)

fii il s State Variable: Coordinates of the Curve
| & 1-year mortality or 14-day rea... | | &5 1-year mortality or 14-day rea... |
Test ResultVariable(s): Improved functional n
Value of State Variable: -1 Value of State Variable:
- ICI FPositive if
. ROC Curve ROC Curve Greater Than
1.0
—_— . d eir s . .
or Equal To Sensitivity | 1 - Specificity
el -1.00 1.000 1.000
. 0.5+
A0 480 .8a0
1.50 HE8 G50
z 0.6 0.6
5 £ 2.50 939 600
£ E 3.50 A07 A00
w 0.4= g 0.4
: 4.50 822 360
5480 GEE .A00
02 0.2 65.50 445 560
7.80 25849 160
oot { o . . | | 8.50 061 100
: - : : : : on 0z 04 06 0s 1.0
1 - Specificity 1- Specificity 9.580 008 080
Area Under the Curve Area Under the Curve 11.00 .000 .000
Test ResultVariable(s): Improved functional numbers Test ResultVariable(s): Improved functional numbers
Asymptotic Asymptotic 95% Confidence Asymptotic Asymptotic 95% Confidence
Sig.b Interval AUC Sig_b Interval
Area Std. Error® Lower Bound Lpper Bound Area Std. Error® Lower Bound Llpper Bound
25T 073 .0oo 15 400 743 073 000 600 885

Weng SC, Hsu CY, Shen CC, Huang JA, Chen PL, Lin SY. (2022). Combined Functional Assessment for Predicting Clinical Outcomes in Stroke Patients After Post-acute Care: A Retrospective Multi-
Center Cohort in Central Taiwan. Front Aging Neurosci, 14, 834273.



ROC Curve Analysis (spss output)

Area Under the Curve

T;Si”'i”a”a“'e‘s" 'm,f;jff;i;Z“’°”“§;Tf£;§c%% Youden’s index = Sensitivity + Specificity - 1
Area || Std. Error® o Lower Elnunlc:l]tewT_IJpper Bound
743 | 073 .000 600 B85 Coordinates of the Curve ey P i
Coordinates of the Curve Test Result Variable(s): ATH P AR
_ ] Sensitivity 1 - Specificity spe Youden's
Test ResultVariable(s): |mproved functional n
i 5 822 350 0.650 0.472 ;
Paositive if 4 907 500 0.500 0.407 B
Greater Than 6 656 300 0.700 0.356
ar EEILIE” To SEﬂSiti\"it‘y’ 1- Speciﬁcit‘y 3 030 B00 0.400 0.339
-1.00 1.000 1.000 2 968 650 0.350 0318
&0 gan as0n 7 449 150 0.850 0.299
150 968 50 1 980 850 0.150 0.130
250 939 600 8 259 150 0.850 0.109
-1 1.000 1.000 0.000 0.000
3.50 907 =200 11 2000 2000 1.000 0.000
4.50 822 330 9 061 100 0.900 -0.039
5.50 636 300 10 008 0.050 0.950 _0.042 2k
6.50 444 60 _1N12 — B x v £ =2~.-112—Dll—1|
7.50 254 50
B.50 061 100 N 0 M N 0 P |
9 50 Ik 050 1 - Specificity spe Sensitivity 1 - Specificity I spe Youden's
11.00 000 000 T 350  [m1ND2 [ 82 |~ 350 | 0650 |-M12+0121

Weng SC, Hsu CY, Shen CC, Huang JA, Chen PL, Lin SY. (2022). Combined Functional Assessment for Predicting Clinical Outcomes in Stroke Patients After Post-acute Care: A Retrospective Multi-
Center Cohort in Central Taiwan. Front Aging Neurosci, 14, 834273.



ROC Curve Analysis (Medcalc) [z el

easy-to-use statistical software

Statistics & ROC curves - ROC Curve Analysis

C]_)Statiiticﬁ Graphs Tests Samplesize Window Help

Summary statistics...
Qutlier detection...
Distribution plot

Correlation

Regression

T-tests
Rank sum tests

“ariance ratio test (F-test)...
AMOWA

Crosstabs
Survival analysis
Meta-analysis

Serial measurements...

Reference intervals
Method comparison & evaluation

Agreement & responsiveness

@ EOC curves

r Iﬁ"l' E‘

https://www.medcalc.org/download/

D
test3
110
112
114
116
118
120
122
124
126
128
130

ROC curve analysis...

ROC curve analysis

Variable:

! ]
Classification variable:

| v
Filter:

| ]

Methodology

(@) DeLong et al.
OHanIey & Mcheil

[«]Binomial exact Confidence Interval for the AUC

? X

Disease prevalence (or pre-test probability of disease)

() unknown

() The ratio of cases in the positive and negative groups
reflects the prevalence of the disease.

() other value (%):

Options
List criterion values with test characteristics
[ Jinclude all observed criterion values
95% Confidence Interval for: Sensitivity/Specificity
[ ]Likelihood ratios

Predictive Values
Calculate optimal criterion value taking into account costs:

FPc: |1 FMNc: 1 TPc: |0 TMc: 0O
Advanced...

Graphs
Display ROC curve window
[ ]mark points corresponding to criterion values

[ ]include 95% Confidence Bounds
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ROC Curve Analysis (Medcalc) [ JlEk el

easy-to-use statistical software

Statistics & ROC curves - ROC Curve Analysis

ROC curve analysis

Variable:
|test3 v|

Classification variable:

? X

Disease prevalence (or pre-test probability of disease)

() unknown

() The ratio of cases in the positive and negative groups
[eflecis the prevalepce of the disegse

- g
Filter:

| ~ |

Methodology

(®) DeLong et al.
() Hanley & Mcheil

Binomial exact Confidence Interval for the AUC

(@) Other value (%):

Options

List criterion values with test characteristics
[]Include all observed criterion values
95% Confidence Interval for: Sensitivity/Specificity

[] Likelihood ratios
[] Predictive Values

[ ] calculate optimal criterion value taking into account costs:

FPc: 1 Fhc: 1 TPc: O ThNec: O
Advanced...

Graphs
Display ROC curve window

[ | mark points corresponding to criterion values
[ ]include 95% Confidence Bounds

@ ROC curve
Sample size 100
Positive group : Dis =1 20
Negative group: Dis=0 80
Disease prevalence (%) 20
Area under the ROC curve (AUC)
Area under the ROC curve (AUC) 0.739
Standard Error® 0.0512
95% Confidence interval® 0.641to 0.822
Z statistic 4 660
Significance level P (Area=0.5) <0.0001
* DeLong et al., 1988
° Binomial exact
Youden index
Youden index J 0.4250
Associated criterion =100
Sensitivity 100.00
Specificity 42 50
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ROC Curve Analysis (Medcalc)

fim MedCalc

easy-to-use statistical software

Statistics & ROC curves - ROC Curve Analysis

RQOC curve

Sensitivity

100

80

80

40

20

test3

Sensitivity: 100.0
Specificity: 42.5 | .
Criterion : >100 |~

0 20 40 60 80 100
100-Specificity

e ]

Criterion values and coordinates of the ROC curve [Hide]

Criterion | Sensitivity 95% CI | Specificity 95% Cl | +LR 95% Cl | LR 95% Cl | +PV 95% ClI -PV 95% ClI
=80 100.00 83.2-100.0 0.00 00-45 100 10-10 200 12.7-292

=80 100.00 83.2-100.0 2.50 03-87 103 10-11 0.00 204 129-297 1000 15.8-1000
>82 100.00 83.2-100.0 5.00 14-123 105 1.0-11 0.00 208 132-30.3 100.0 39.8-1000
=84 100.00 83.2-100.0 7.50 28-156 108 1.0-12 000 213 135-309 100.0 54.1-1000
=86 100.00 83.2-100.0 10.00 44-188 111 1.0-12 0.00 217 138-316 1000 63.1-1000
>88 100.00 83.2-100.0 12.50 62-218 114 11-12 000 222 141-322 1000 69.2-1000
=90 100.00 83.2-1000 17.50 99-276 121 11-13 0.00 233 148-336 1000 76.8-100.0
=02 100.00 83.2-100.0 2250 139-332 129 11-15 0.00 244 156-351 1000 81.5-1000
=04 100.00 83.2-100.0 2750 181-386 138 12-16 0.00 256 164-36.8 1000 846-1000
>06 100.00 83.2-1000 3250 224-439 148 13-17 000 270 174-386 1000 86.8-100.0
=08 100.00_83.2-100.0 3750 269-490 160 14-19 0.00 286 164-406_ 100.0 884-100.0

I >100 100.00 83.2-100.0 4250 315-541 174 14-21 0.00 303 196-429 1000 89.7-100.0 I

=110 9500 751-999 4625 350-578 177 14-22 011 002-07 306 196-43./7 974 086.2-999
=112 90.00 683-988 5000 386-614 180 14-23 020 005-08 310 195-445 952 838-994
>114 8500 62.1-96.8 5375 422-650 184 14-25 028 010-08 315 195-456 935 821-9386
>116 80.00 563-943 5750 459-685 188 13-26 035 01-09 320 195-467/ 920 808-978
=118 7500 509-913 6125 497-719 194 13-28 041 02-09 326 195-480 907 797-969
=120 70.00 457-88.1 6500 535-753 200 13-30 046 02-09 333 196-495 897 78.8-961
>122 6500 408-846 6750 561-776 200 13-31 052 03-10 333 191-502 885 778-953
=124 60.00 36.1-809 7000 58.7-79.7 200 12-33 057 03-10 333 186-510 875 768-944
=126 5500 315-769 7250 614-819 200 12-34 062 04-10 333 180-518 866 76.0-937
>128 5000 272-728 7500 641-840 200 11-36 067 04-11 333 173-528 857 753-929
=130 4500 23.1-685 7750 668-86.1 200 11-38 071 05-11 333 165-540 849 746-922
=132 4000 19.1-639 8000 696-881 200 10-40 075 05-11 333 156-553 842 740-916
>134 3500 154-592 8250 724-901 200 09-43 079 06-11 333 146-570 835 735-909
>136 3000 11.9-543 85600 753-920 200 09-47 082 06-11 333 133-590 829 73.0-903
=138 25.00 8.7-491 8750 782-938 200 08-52 086 07-11 333 118-616 824 726-898
>140 20.00 57-437 9000 812-956 200 07-60 089 07-11 333 99-651 818 722-892
>142 15.00 3.2-379 9250 844-972 200 05-73 092 08-11 333 75-701 813 718-887
=144 10.00 12-31.7 9500 877-986 200 04-102 095 08-11 333 43-777 809 714-882
>146 5.00 01-249 9750 913-997 200 02-210 097 09-11 333 08-906 804 711-878
=148 0.00 0.0-16.8 100.00 95.5-100.0 1.00 1.0-1.0 800 708-873
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easy-to-use statistical software

ROC Curve Analysis (Medcalc) [z el

Statistics » ROC curves - Comparison of ROC Curves

@Statistics Graphs Tests Sampling Window Help

. Comparison of ROC curves ?
Summary statistics...
2aEr e S EET . . Variables: Methodology
Distribution plot 3 A !E [l
| \/| (® DeLong et al.
Correlation > :
. | v| () Hanley & McNeil
Regression >
T 5 | - | Binomial exact Confidence Interval for the AUC
K C D E F
Rank sum tests > test? test3 | e |
Variance ratio test (F-test)... 110 110 | . | Graph
Anova > 112 112 | | [] Display ROC curves window
e
Crosstabs > :]] 1; :]] 1; [ |mark points correspanding to criterion values
Survival ana!ysm > 118 118 Classification variable:
Meta-analysis > 120 120 | 9 |
Serial measurements... 122 1922 .
Reference intervals > 124 124 Filter:
Method comparison & evaluation > 126 126 | ™ |
Agreement & responsiveness > 1?% 1?%
@ ROC curves > ROC curve analysis... 0 oK Cancel
Create tables 5 Interactive dot diagram...
i e 1 136 Plot versus criterion values...
15 1 138 Predictive values..
16 1 140 - .
Interval likelihood ratios...
17 1 142@
18 1 144 Comparison of ROC curves...



ROC Curve Analysis (Medcalc)

fim MedCalc

easy-to-use statistical software

Statistics & ROC curves - ROC Curve Analysis

Comparison of ROC curves

Pairwise comparison of ROC curves

Variable 1 test1
- 2 | @amonn Variable 2 test2 test1 ~ test2
[test2 v | Orianley & me Variable 3 test3 Difference between areas 0.0937
: :} snonal ez corféerce menslfor eS| | Classification variable | Dis Standard Error® 0.0324
: :} Dp:y ocanceumion Sarrjple size _ 100 255Toat(i;:;2ﬁdence Interval 0.0302 to g_ ; g;
I W e ey e el Positive group - Dis = 1 20 sta .
= g Negative group - Dis = 0 gp | | Significance level P =0.0038
Filter: test1 ~ test3
| ] AUC SE ° 95% Cl° | | Difference between areas 0.261
o | testt 1.000 0.000 0.964 10 1.000 | | Standard Error® 0.0512
test? 0.906 0.0324 0.831100.955 | | g505 Confidence Interval 0.161 to 0.362
" atEStS 0.739 0.0512 0.641 to 0.822 7 statistic 5 009
opoong €2t 1968 Significance level P < 0.0001
80 - test2 ~ test3
Difference between areas 0.168
g ] Standard Error® 0.0349
3 40 95% Confidence Interval 0.0991 to 0.236
Z statistic 4797
20 Significance level P <0.0001
= sz ° DelLong et al., 1988
o

T T
40 60
100-Specificity

T T
80 100






