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內容大綱

•單變數與多變數迴歸 (危險對比值odds ratio)

• ROC分析及找切點
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Logistic regression
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自變項

(Independent variable)

結果變項

(Dependent variable)

預測

解釋

• Dependent variable
– Binary - 0 & 1

• Independent variable
– Categorical / Continuous

預測 1 的機率



Logistic regression
•單變項迴歸

•多變項迴歸

•不需要常態分配的假設
–自變數 (X) 對依變數 (Y) -指數的方式做變動

•參數估計
–最大概似函數估計法 (Maximum Likelihood Estimation) 
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Odds ratio (OR)
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Outcome (Disease)

Yes No

Exposed
Yes a b

No c d

Odds ratio (OR) = 
Τ𝑎 𝑏

Τ𝑐 𝑑
= 
𝑎𝑑

𝑏𝑐

• OR = 1, No association

• OR > 1, Positive association 
(possibly causal)

• OR < 1, Negative association 
(possibly protective)

相關強度 1-year mortality or 
14-day readmission

Yes No

Cardiovascular 
disease

Yes 15 91

No 5 156

Odds ratio (OR) =  
15∗156

91∗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. 

預測 1 的機率



Logistic regression

6
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. 

探討【1-year mortality or 14-
day readmission】影響因子

Example.1



Logistic regression
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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. 

SPSS dataset Outcome 
( 0 / 1)



Logistic regression
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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. 

分析→迴歸→二元Logistic
1

2

3



Logistic regression
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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. 

分析→迴歸→二元Logistic

1

2

3
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Logistic regression
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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. 

分析→迴歸→二元Logistic
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Logistic regression (SPSS output)
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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. 

OR

Adjusted age, BMI, 
CVD, 評估指標進步項
目每增加一項，一年
內死亡或14天再入院
的風險降低0.69倍
(減少31%)
(p = 0.001)



Logistic regression

12

Example.2

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.

探討【憂鬱症】
影響因子



Logistic regression
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SPSS dataset Outcome 
( 0 / 1)

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.



Logistic regression
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分析→迴歸→二元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.



Logistic regression (SPSS output)
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OR

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.

Adjusted age, sex, PSQI scores >13,
THI-CM scores > 47比 ≤ 47，
有7.4倍憂鬱症的風險。(p = 0.007)



Multinomial Logistic regression
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Example

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
• Dependent variable

– Nominal level ( > 2 groups)

• Independent variable
– Categorical / Continuous
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Multinomial Logistic regression
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SPSS dataset

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.

Dependent
( 1 / 2 / 3)

Independent variable

慣用
0=No 1=Yes

Multinomial Logistic
• Independent (Categorical)

> Reference (預設「數值大」)
- 0 (Yes) vs 1 (No)
- 1 (Yes) vs 2 (No)



Multinomial Logistic regression
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分析→迴歸→多項式Logistic
1

2

3

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.

1



Multinomial Logistic regression
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分析→迴歸→多項式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.

1 = Grade 1
2 = Grade 2
3 = Grade 3-5
目的：
Grade 2    vs Grade 1
Grade 3-5 vs Grade 1

Continuous

Categorical



Multinomial Logistic regression (SPSS output)
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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.

OR

Obstructive sleep apnoea PHQ-9 (total score)



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

log(
𝑃

1−𝑃
) =  𝛽0 + 𝛽1xLog Odds

Logit

Intercept 

logistic regression model with 1 predictor X

Odds of the outcome

When X = 0, 
the intercept β0 is the log of the odds of having the outcome 

𝑃

1 − 𝑃

Probability of 

having the outcome
𝑃



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

ln(
𝑃

1−𝑃
)

𝑃

1−𝑃
= 𝑒β0+ β1x

𝑃 = 𝑒β0+ β1x − 𝑃𝑒β0+ β1x

𝑃(1 + 𝑒β0+ β1x)= 𝑒β0+ β1x

𝑃 = 
𝑒β0+ β1x

1+𝑒β0+ β1x



From log odds to probability
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SPSS 
probability



ROC Curve Analysis
•使用時機

–當開發新的檢驗方法，無法決定臨界值 (Cut-off value)

–利用連續數值預測結果 (二元分類)

•目的
–將連續數值決定臨界值

–用來比較不同工具的好壞
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ROC Curve Analysis

AUC Discrimination

0.5 No discrimination 

0.7-0.8 Acceptable discrimination 

0.8-0.9 Excellent discrimination

0.9-1.0 Outstanding discrimination 

26Ref: https://reurl.cc/288Xr9



ROC Curve Analysis
• Cut-point
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ROC Curve Analysis
• Youden’s index

–反映在有疾病和沒有疾病的陽性結果可能機率

–公式
• Sensitivity + Specificity - 1

• Sensitivity - False positive

– Range 0-1

–不受盛行率影響

– Maximum
• Cut-point

28



診斷工具指標
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Gold Standard Test

Disease Non-disease

Screen 
Test

Positive
a

(True
Positive)

b 
(False

Positive)
a + b

Negative
c

(False
Negative)

d
(True

Negative)
c + d

a + c b + d a + b + 
c + d

• Sensitivity = 
𝐚

(𝐚+𝐜)

• Specificity = 
𝐝

(𝐛+𝐝)

• Positive predictive value, PPV  =
𝐚

(𝐚+𝐛)

• Negative predictive value, NPV = 
𝐝

(𝐜+𝐝)

• Accuracy = 
(𝐚+𝐝)

(𝐚+𝐛+𝐜+𝐝)

• False positive, FP =
𝐛

(𝐚+𝐛)

• False negative, FN = 
𝐜

(𝐜+𝐝)



診斷工具指標
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•Likelihood ratio positive, LR+ = 
Sensitivity

(1 – Specificity)

•Likelihood ratio negative, LR- = 
(1 – Sensitivity)

Specificity

概似比的臨床意義

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
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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. 

Example



ROC Curve Analysis
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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. 

SPSS dataset



ROC Curve Analysis
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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. 

分析→ROC曲線

…….
…….
…….

1

2



ROC Curve Analysis (SPSS output)
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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. 

AUC



ROC Curve Analysis (SPSS output)

35
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. 

AUC
Youden’s index = Sensitivity + Specificity - 1

大

小

貼至
Excel

新增兩個欄位



ROC Curve Analysis (Medcalc)
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https://www.medcalc.org/download/Statistics → ROC curves → ROC Curve Analysis
1

2
3

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


ROC Curve Analysis (Medcalc)
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Statistics → ROC curves → ROC Curve Analysis



ROC Curve Analysis (Medcalc)
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Statistics → ROC curves → ROC Curve Analysis



ROC Curve Analysis (Medcalc)
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Statistics → ROC curves → Comparison of ROC Curves
1

2

3



ROC Curve Analysis (Medcalc)
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Statistics → ROC curves → ROC Curve Analysis
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課程問卷生統小組：統計方法教育訓練


