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世代研究：
探討疾病的發生率及風險
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存活分析
 Follow-up duration: Time at risk (e.g. years)

 感興趣的事件 X = when disease occurred: Time to event

 設限 Censored ○: Time to the end of follow-up / Loss of follow-up / Death
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競爭風險 Competing Risk

研究開始: 2021/1/1 研究終止: 2021/12/31
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感興趣的主要事件 X : Ventricular tachycardia (VT)

競爭風險 (發生在主要事件之前，可能影響主要事件的發生) ：腎臟移植、死亡
設限 Censored : 未發生主要事件就結束 →追蹤到研究終止 (完整追蹤) / 失聯 / 死亡

Censored失聯 (Loss of follow-up)

Censored
完整追蹤



存活分析
 Follow-up duration: Time at risk (e.g. years)

 感興趣的事件 X = when disease occurred: Time to event

 設限 Censored ○: Time to the end of follow-up / Loss of follow-up / Death
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存活分析方法：
Kaplan-Meier (K-M) survival curve

Cox proportional hazard model

只允許單一事件的發生，所以無法處理競爭風險的問題



CICR: Cumulative incidence competing risk

KM: Kaplan-Meier (K-M) survival curve

Tx: receiving a transplant

EFS: event-free survival

M. Noordzij et al. Nephrol Dial Transplant (2013) 28: 2670–2677 doi: 10.1093/ndt/gft355

為何要處理競爭風險?
Kaplan–Meier method overestimates the probabilities of 

both the event of interest and the competing event(s), 

while the estimate for EFS is unbiased



如何處理競爭風險

Competing Risk Analysis

1、特定因素危險函數
（Cause-Specific Hazard Function，CSH）

2、次分佈瞬間危險函數
(Sub-Distribution Hazard Function，SDH，Fine‐Gray sub-distribution hazard)



Competing Risk Analysis

CSH是由Cox model所變化而成，風險集的設定也是
採取Kaplan-Meier的估算方法：一旦發生研究興趣
事件或是失去追蹤（設限，censor）的個案，在下
一個觀察時間，皆從觀察名單中（Population at 
risk/ patient at risk）被排除。

SDH在計算風險集時，並非採用傳統Kaplan-Meier的估
算方法，而是採用累積發生函數（Cumulative 
incidence function, CIF），核心精神為：發生過競
爭風險的人，在未來的觀察時間仍會保留在觀察名單
（Population at risk）中。



Cause-Specific Hazard Function (CSH)

Sub-Distribution Hazard Function (SDH、Fine-Gray)



Cause-Specific Hazard Function，CSH

研究開始: 2021/1/1 研究終止: 2021/12/31
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當研究的競爭風險僅有死亡一項因子時

發生的競爭風險因子為死亡事件，
無論是CSH發生競爭風險的當下便停止追蹤，
或是Cox model追蹤到研究終止或死亡時，
兩者的追蹤時間皆為死亡事件發生當下的時間

CSH與Cox model會得到相同的結果



Practice

SCD (sudden cardiac death):

0=alive or non-SCD 

1=SCD

SCD_death: 

Alive=0

SCD=1 (competing event of interest)

Non-SCD death=2

Death:

0=alive

1=death



Traditional:

Cox proportional hazards model

Competing risk-1: 

Cause specific hazard-CSH

競爭事件如果是死亡 (e.g. CVD / SCD) 的話，Cox regression和CSH的估計值會相同



Competing risk-1: 

Cause specific hazard-CSH

Competing risk-2:

Sub-distribution hazard-SDH



Kaplan-Meier Survival Curve CIF: cumulative incidence functions

(using SHD approach)

未調整狀態下，
LVH分層的estimated CIF 



CIF: cumulative incidence functions

(using SHD approach)

未調整狀態下，
LVH分層的estimated CIF 

1-green: LVH

0-red: non-LVH

P<0.001

SAS R

RSAS



Kaplan-Meier Survival Curve
CIF: cumulative incidence functions

(using SHD approach)

CIF建立在
mean age=53.8 years的分佈上

SAS R

P<0.001

P<0.001



Kaplan-Meier Survival Curve
CIF: cumulative incidence functions

(using SHD approach)

CIF建立在
調整性別、年齡
(mean age=53.8 years)
LVH分層的estimated CIF 

SAS

P=0.0013

P<0.001
P=0.66

R



M. Noordzij et al. Nephrol Dial Transplant (2013) 28: 2670–2677 doi: 10.1093/ndt/gft355

是SHR，不是HR



1、特定因素危險函數（Cause-Specific Hazard Function，CSH）
(a) For aetiological studies
(b) When HRs need to be derived, the cause-specific approach is most appropriate

2、次分佈瞬間危險函數 (Sub-Distribution Hazard Function，SDH，Fine‐Gray sub-distribution hazard)
(a) For prognostic research
(b) Most suitable for prediction of a survival probability

How to Select the Methods for Survival Analysis?

M. Noordzij et al. Nephrol Dial Transplant (2013) 28: 2670–2677 doi: 10.1093/ndt/gft355

Cumulative incidence competing risk (CICR)



Thank you for listening

生統小組：統計方法教育訓練


