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Appendix 1 

 

The functional form of 𝐷𝑘(𝑗): 

   

For k=1,  

𝐷1(𝑗) = 𝛽(𝑡0(𝑗)) {∑ ∫ 𝑤(𝑥)𝑄𝑥
∗(𝑡0 − 𝑥)𝑑𝑥

𝑥𝑖

𝑥𝑖−1

𝑗−1
𝑖=1 + ∫ 𝑤(𝑥)𝑄𝑥

∗(𝑡0 − 𝑥)𝑑𝑥
𝑡0(𝑗)

𝑥𝑗−1
},  

for k=2, 

𝐷2(𝑗) = 𝛽(𝑡1(𝑗)) [1 − 𝛽(𝑡0(𝑗)) {∑ ∫ 𝑤(𝑥)
𝑥𝑖

𝑥𝑖−1

𝑄𝑥
∗(𝑡1 − 𝑥)𝑑𝑥 + ∫ 𝑤(𝑥)𝑄𝑥

∗(𝑡1 − 𝑥)𝑑𝑥
𝑡0(𝑗)

𝑥𝑗−1

𝑗−1

𝑖=1

}

+ ∫ 𝑤(𝑥)𝑄𝑡0(𝑗)(𝑡1 − 𝑥)𝑑𝑥
𝑡1

𝑡0

 ]   , 

for k≥ 3,  

𝐷𝑘(𝑗) = 𝛽(𝑡𝑘−1(𝑗)) [∑ {∏ (1 − 𝛽(𝑡𝑙(𝑗)))𝑘−2
𝑙=𝑖 } ∫ 𝑤(𝑥)

𝑡𝑖

𝑡𝑖−1
𝑄𝑡𝑖−1(𝑗)(𝑡𝑘−1 − 𝑥)𝑑𝑥  +𝑘−2

𝑖=1

∫ 𝑤(𝑥)𝑄𝑡𝑘−2(𝑗)(𝑡𝑘−1 − 𝑥)𝑑𝑥
𝑡𝑘−1

𝑡𝑘−2
 +  ∏ (1 − 𝛽(𝑡𝑙(𝑗))) {∑ ∫ 𝑤(𝑥)

𝑥𝑖

𝑥𝑖−1
𝑄𝑥

∗(𝑡𝑘−1 − 𝑥)𝑑𝑥 +
𝑗−1
𝑖=1

𝑘−2
𝑙=0

∫ 𝑤(𝑥)𝑄𝑥
∗(𝑡𝑘−1 − 𝑥)𝑑𝑥

𝑡0(𝑗)

𝑥𝑗−1
}]                                  

where 𝑄𝑥
∗(∙) is survival distribution of sojourn time in 𝑆𝑝 at age 𝑥 < 𝑡0(𝑗). In simulation, we set parameters of 

𝑄𝑥
∗(∙) to a known constant values when calculating 𝐷𝑘(𝑗). Since ∆𝒌≤ 𝜹𝒋  for all k, and j {k =  1, ⋯ , K −

1, and j = 1, 2, ⋯ g}. the participants who belong to jth aged group at entry time is divided into at most two age 

groups at each examination time. Thus, the survival distribution of sojourn time in 𝑆𝑝 at the ith examination in 

the jth age group is redefined as follows:  

𝑄𝑡𝑖−1(𝑗)(𝑡) = {
𝑄𝑠(𝑡)            𝑖𝑓 𝑡𝑖−1(𝑗) ∈ 𝐴𝑠

𝑄𝑠+1(𝑡)            𝑖𝑓 𝑡𝑖−1(𝑗) ∈ 𝐴𝑠+1
  and 𝛽(𝑡𝑙(𝑗)) = {

𝛽𝑠            𝑖𝑓 𝑡𝑙(𝑗) ∈ 𝐴𝑠

𝛽𝑠+1           𝑖𝑓 𝑡𝑙(𝑗) ∈ 𝐴𝑠+1
, 

where 𝑄𝑠(𝑡)denotes the survival distribution with mean 𝜇s.  

The functional form of 𝐼𝑘(𝑗): 

 

For k=1, 
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𝐼1(𝑗) = (1 − 𝛽(𝑡0(𝑗))) {∑ ∫ 𝑤(𝑥)(𝑄𝑥
∗(𝑡0 − 𝑥) − 𝑄𝑥

∗(𝑡1 − 𝑥))𝑑𝑥
𝑥𝑖

𝑥𝑖−1

𝑗−1

𝑖=1

+  ∫ 𝑤(𝑥)(𝑄𝑥
∗(𝑡0 − 𝑥) − 𝑄𝑥

∗(𝑡1 − 𝑥))𝑑𝑥
𝑡0(𝑗)

𝑥𝑗−1

} + ∫ 𝑤(𝑥) (1 − 𝑄𝑡0(𝑗)(𝑡1 − 𝑥)) 𝑑𝑥,
𝑡1

𝑡0

 

for k>1,  

𝐼𝑘(𝑗) = [∏ (1 − 𝛽(𝑡𝑙(𝑗)))

𝑘−1

𝑙=0

{∑ ∫ 𝑤(𝑥)
𝑥𝑖

𝑥𝑖−1

(𝑄𝑥
∗(𝑡𝑘−1 − 𝑥) − 𝑄𝑥

∗(𝑡𝑘 − 𝑥))𝑑𝑥  

𝑗−1

𝑖=1

+ ∫ 𝑤(𝑥)(𝑄𝑥
∗(𝑡𝑘−1 − 𝑥) − 𝑄𝑥

∗(𝑡𝑘 − 𝑥))𝑑𝑥
𝑡0(𝑗)

𝑥𝑗−1

  }

+  ∑ ∏(1 − 𝛽(𝑡𝑙(𝑗)) ∫ 𝑤(𝑥)(𝑄𝑡𝑖−1(𝑗)(𝑡𝑘−1 − 𝑥) − 𝑄𝑡𝑖−1(𝑗)(𝑡𝑘 − 𝑥))
𝑡𝑖

𝑡𝑖−1

𝑘−1

𝑙=𝑖

𝑑𝑥

𝑘−1

𝑖=1

  

+ ∫ 𝑤(𝑥) {1 − 𝑄𝑡𝑘−1(𝑗)(𝑡𝑘 − 𝑥)}𝑑𝑥
𝑡𝑘

𝑡𝑘−1

   ] .                                                  

Here, 𝑄𝑥
∗(∙), 𝑄𝑡𝑖−1(𝑗)(∙) and 𝛽(𝑡𝑙(𝑗)) defined the same as the functional form of 𝐷𝑘(𝑗). 


