Appendix S2. The decomposition method


The population decomposition algorithm has been described in detail in the papers by Cheng et al. [1,2].
Briefly, take the difference in newly diagnosed lip and oral cavity cancer cases between 1990 and 2021 in China. We can decompose the net change of incident cases into the contribution of population growth, population aging, and age-specific incidence rate.
The age groups were divided using 5-year increments from 15-19 years to 95 plus. Let dij, nij, mij and sij denote the incident cases, population size, age-specific rate of incidence, and population proportion in the ith age group of the year j, respectively, (i = 1, 2, …,12; j = 1, 2). Let D1 and D2, N1 and N2, P1 and P2 represent the total incident cases, population size, and crude rate of incidence in 1990 and 2021.
Using Mp, Ma, and Mm to represent the main effects of the changes in population size, age structure, and incidence rate, and Ipa, Ipm, Iam, and Ipam to represent their two- way and three-way interactions, respectively. In the case of 1990 as the reference year, these terms are calculated as follows:
𝑀𝑝 = ∑12 (𝑁2 − 𝑁1)𝑠𝑖1𝑚𝑖1𝑖=1



𝑀𝑎 = ∑12𝑖=1

𝑀𝑚 = ∑12

𝑁1(𝑠𝑖2 − 𝑠𝑖1)𝑚𝑖1
𝑁1𝑠𝑖1(𝑚𝑖2 − 𝑚𝑖1)

𝑖=1
𝐼𝑝𝑎 = ∑12 (𝑁2 − 𝑁1)(𝑠𝑖2 − 𝑠𝑖1)𝑚𝑖1𝑖=1

𝐼𝑝𝑚 = ∑12 (𝑁2 − 𝑁1)𝑠𝑖1(𝑚𝑖2 − 𝑚𝑖1)

𝑖=1
𝐼𝑎𝑚 = ∑12𝑖=1

𝐼𝑝𝑎𝑚 = ∑12


𝑁1(𝑠𝑖2 − 𝑠𝑖1)(𝑚𝑖2 − 𝑚𝑖1)
(𝑁2 − 𝑁1)(𝑠𝑖2 − 𝑠𝑖1)(𝑚𝑖2 − 𝑚𝑖1)

𝑖=1
Here, a simplification needs to be made, assuming that the interactions are equally distributed, then the contribution of the three factors can be calculated as follows:
𝐴 = 𝑀𝑎 + ½𝐼𝑎𝑚 + ½𝐼𝑝𝑎 + ⅓𝐼𝑝𝑎𝑚

𝑃 = 𝑀𝑝 + ½𝐼𝑝𝑚 + ½𝐼𝑝𝑎 + ⅓𝐼𝑝𝑎𝑚
𝑀 = 𝑀𝑚 + ½𝐼𝑝𝑚 + ½𝐼𝑎𝑚 + ⅓𝐼𝑝𝑎𝑚
Here, A represents the contribution of population aging, P represents the contribution of population growth, M represents the contribution of the age-specific death rate, and net change represents total change. The contribution of each factor divided by D1 and multiplied by 100 is the percentage of the respective contribution.
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