
Statistical Analysis 

The age-standardized mortality rate (ASMR) was used to estimate the trend. Because the age structure of 

Chinese and American population is different, it is necessary to perform standardization when comparing the 

trend of mortality. The ASMR (per 100,000 population) is calculated by the direct method, which is the sum of 

the age-specific rates (ai, where i denotes the ith age class) and the number of persons (or weight) (wi) in the 

same age subgroup i of the chosen reference standard population, divided by the sum of standard population 

weights, i.e., 
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In order to assess the magnitude and direction of trends over time for morality rate, we used JoinPoint 

software (Version  4.7.0.0) to calculate the average annual percentage change (AAPC) and the corresponding 

95% CIs by joinpoint regression analysis from 1990-2017. 

The age-period-cohort (APC) model was used to analyze the trend of CVD mortality attributable to TE 

under the effects of age, period and cohort. Age effect is due to the physiological and pathological changes 

with age, resulting in the changes of mortality rate of diseases; period effect is due to the changes in the 

mortality rate of diseases caused by various events over time; cohort effect reflects the differences in mortality 

rate of diseases caused by changes in the different lifestyles in different years or different exposure risk factors.  

The general logarithmic linear form of APC model is: ρ = 𝛼𝑎 + 𝜋𝑝 + 𝛾𝑐. Then it can be transformed into 

the form of age-period: 𝜌𝑝𝑎 = 𝜇 + (𝛼𝐿 − 𝛾𝐿)(𝛼 − 𝛼) + (𝜋𝐿 − 𝛾𝐿)(𝑝 − 𝑝) + 𝛼�̃� + 𝜋�̃� + 𝛾�̃�, or the form of age-

cohort: 𝜌𝑝𝑎 = 𝜇 + (𝛼𝐿 + 𝛾𝐿)(𝛼 − 𝛼) + (𝜋𝐿 + 𝛾𝐿)(𝑐 − 𝑐) + 𝛼�̃� + 𝜋�̃� + 𝛾�̃�. 𝛼�̃�, 𝜋�̃� and 𝛾�̃� represent age, age, 

and cohort deviation, respectively. 𝜋𝐿 + 𝛾𝐿 represents net drift. Longitudinal age curve represents fitted 

longitudinal age-specific rates in reference cohort adjusted for period deviations. Period rate ratios (period 

RRs) represents ratio of age-specific rates in period relative to reference period. Cohort rate ratios (cohort RRs) 

represents ratio of age-specific rates in cohort relative to reference cohort. In the APC model, the collected data 

were needed to convert successive 5-year age groups and consecutive 5-year periods. Because the GBD dataset 

did not provide successive 5-year age groups under 29 or over 80 years in smoking, the mortality rates of CVD 

attributable to smoking were recoded into successive 5-year age groups (30-34 years to 75-79 years) and 

consecutive 5-year periods (1990-1994 to 2015-2017). Because the GBD dataset did not provide successive 5-

year age groups under 25 or over 80 years in SHS, the mortality rates of CVD attributable to SHS were 

recoded into successive 5-year age groups (25-29 years to 75-79 years) and consecutive 5-year periods (1990-

1994 to 2015-2017). The “apc” packages was used to perform the APCM in R statistical software (R version 

3.5.1), and p<0.05 was considered significant.  

 

https://surveillance.cancer.gov/joinpoint/download.html

