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Quality assessment 11 

Our data were extracted from the vital registration system in Shanghai (Figure 1 in 12 

Appendix methods). The causes of death must be clarified and recorded in the medical 13 

certificate of death before processing cremation. This process has been compulsorily 14 

executed since the 1960s in Shanghai, China. The medical certificate of death was also 15 

needed to deal with the heritage affairs. The public security bureau can’t cancel the 16 

residence registration unless the death causation was proved by the medical certificate. 17 
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Information from the medical certificate of death was entered into vital registration 1 

system. The completeness of our data was 100% in Shanghai, for the city with the sound 2 

public services. 3 

We calculated the proportion of deaths with ill-defined causes. The average proportion 4 

of ill-defined causes was 5.07% ranging from 3.33% to 10.13% during 1974-2015. We 5 

also calculated the sources of diagnostic evidences. The majority (96.41%) of death 6 

causes were diagnosed with solid clinical and laboratory evidence or morphologic 7 

verification (Figure 2 in Appendix methods). Besides, the proportion of deaths in 8 

hospitals (including deaths in emergency room) increased from 43.37% in 1974 to 9 

64.87% in 2015 (Figure 3 in Appendix methods). 10 

11 
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1 

Figure 1 in Appendix methods. The process of data collection and quality control 2 
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1 

Figure 2 in Appendix methods. The evidence sources of the causes of death. 2 
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1 

Figure 3 in Appendix methods. The proportion of death place changes during 1974-2 

2015 in Yangpu District, Shanghai, China 3 

4 

Process of constructing APC model 5 

6 

Data preparation 7 

The APC analysis in present study enrolled the 20 years and older population, because 8 

the mortality rates were low in the young people (20 years old and younger). We divided 9 

the enrolled population into subgroups every 5 years during 1976-2015 and also divided 10 

the enrolled population into different age groups at an interval of 5 years. After that we 11 

formed a Lexis diagram tabulating mortality cases and person-years by age (a), period 12 

(p), and cohort (c). We took the cancer-cause of death as an example to show how the 13 

Lexis diagram was constructed (Figure 4 in Appendix methods). The upper and lower 14 
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triangles in one cell represented the population with the same age group and period 1 

belonged to two birth cohorts. For example, in the highlighted square, there were 340 2 

cases in 50-55 age group in the year of 1990-1995; 128 born in 1940-1945 (upper 3 

triangle) and 212 born in 1935-1940 (lower triangle). The person years in the Lexis 4 

diagram were calculated using the following formulas: 5 
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where the formula A was used to calculate the person years of upper triangle and 8 

formula B was used to calculated the person years of lower triangle. L meant the 9 

average population sizes during the period p, and y meant the interval years of the 10 

periods, ages and cohorts (5 years in this study). 11 

12 

The model fitting 13 

After the data preparation, the age, period and cohort data were fitted to the model 14 

expressed as: log[r(a, p)]=f(a)+g(p)+h(c), where f(a), g(p), and h(c) represented the 15 

effects of age, period, and birth cohort, respectively. Each variable was divided into 16 

linear and non-linear functions. We smoothed non-linear functions with natural splines. 17 

As collinearity existed in APC model (c = p - a), we constrained the slope of period 18 

effects to 0 on average. The trend of period and cohort were shown as risk ratio in 19 

Figure 3. The risk ratio was the death risk compared with that in the reference years 20 

which was set as 1949 (the year when the People’s Republic of China was founded) for 21 
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cohort and 1980 (the year immediately after the reform and opening up policy was 1 

implemented) for period. 2 
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1 
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Figure 4 in Appendix methods. the Lexis diagram of cancer-cause of death. 1 

The horizontal coordinate was calendar years and the vertical coordinate was age 2 

groups. The upper value was the number of death and the lower value was the person 3 

years in each cell. 4 

5 

Prediction using APC model 6 

To predict the mortality during 2016-2030, we constructed an APC model, which was 7 

similar but not the same with the one as previously described. Firstly, to level off the 8 

exponential growth in the multiplicative model, we chose power 5 as the link function 9 

rather than log link which was commonly used. The advantage of power 5 as the link 10 

in the prediction had been demonstrated by Møller in 2002.1 Secondly, we used the 11 

recent mortality data rather than whole range data to construct the model, because the 12 

recent data was more valuable in predicting the future mortality. The parameters of the 13 

prediction process were shown in Table 1 in appendix methods. Population information 14 

during 2016-2030, which was necessary for the prediction purpose, was predicted using 15 

Leslie matrix model. 16 

To assess the predictive accuracy, we built the APC model using the data from 1976-17 

2010 to project the number of death in 2011-2015. After that, we compared the actual 18 

number of death and projected number of death using the determination coefficient. 19 

Table 2 in appendix methods showed that the determination coefficient for the majority 20 
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causes of death were larger than 0.8, which indicating that this model worked well in 1 

projecting the future mortality in Yangpu district. 2 

APC model analysis was conducted using Epi package and Norpred package in R 3 

software (Version 3.4.3). 4 
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Table 1 in appendix methods. the parameters of age-period-cohort model in the projection. 

Diseases 

Women Men 

Periodsa 
Residual 

Deviance 
AICb 

Goodness of fit (P 

value) 
Periodsa 

Residual 

Deviance 
AICb 

Goodness of fit (P 

value) 

Communicable, maternal, perinatal and 

nutritional conditions 

Infectious and parasitic diseases 6 6.88 207.90 0.81 6 10.84 251.30 0.46 

Maternal conditions 6 0.01 76.38 1.00 / / / / 

Neonatal conditions 3 0.01 68.00 1.00 3 0.01 68.00 1.00 

Respiratory infections 4 22.52 192.70 0.02 7 22.62 217.20 0.01 

Chronic Non-Communicable Diseases 

Cancer 3 19.59 397.60 0.14 3 33.29 428.10 0.01 

Cardio-cerebrovascular disease 6 22.52 192.70 0.02 7 22.62 217.20 0.01 

Congenital anomalies 7 11.25 151.20 0.34 3 22.27 189.70 0.07 

Diabetes mellitus 7 16.69 243.10 0.05 6 13.07 260.60 0.22 

Digestive diseases 5 5.96 242.40 0.92 6 9.17 254.70 0.61 

Endocrine, blood, immune disorders 5 9.56 175.50 0.65 6 5.72 175.40 0.89 

Genitourinary diseases 5 5.99 209.70 0.92 5 5.99 225.80 0.61 

Mental and substance use disorders 4 8.91 212.30 0.78 5 18.41 237.90 0.10 

Musculoskeletal diseases 4 8.81 218.20 0.79 8 13.73 164.10 0.13 
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Neurological conditions 5 16.15 237.90 0.18 5 10.63 250.00 0.56 

Oral conditions 8 0.51 50.51 1.00 8 0.51 46.51 1.00 

Respiratory diseases 8 5.86 216.90 0.75 6 9.92 216.90 0.54 

Sense organ diseases 8 1.96 115.50 0.96 8 22.62 136.10 0.00 

Skin diseases 8 10.80 89.49 0.21 8 8.17 78.39 0.32 

injuries 5 10.97 107.70 0.53 6 9.30 106.10 0.59 

a. the number of recent 5 years used in fitting the age-period-cohort model.

b. AIC: Akaike Information Criterion.
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Table 2. The comparison of the actual death and predicted death during 2011-2015 in Yangpu, 

Shanghai, China.  

Diseases 

Women Men 

Goodness of fit 

(P value) 
R2 

Goodness of fit 

(P value) 
R2 

Communicable, maternal, perinatal and 

nutritional conditions 

Infectious and parasitic diseases 0.51 0.93 0.01 0.86 

Maternal conditions 1 0.72 / / 

Neonatal conditions 1 0.99 1 0.92 

Respiratory infections 0.14 0.61 0.82 0.57 

Chronic Non-Communicable Diseases 

Cancer 0.06 0.99 0.34 0.98 

Cardio-cerebrovascular disease 0.67 0.93 0.01 0.91 

Congenital anomalies 0.13 0.59 0.2 0.48 

Diabetes mellitus 0.11 0.96 0.49 0.98 

Digestive diseases 0.54 0.99 0.72 0.98 

Endocrine, blood, immune disorders 0.16 0.4 0.5 0.77 

Genitourinary diseases 0.34 0.9 0.17 0.94 

Mental and substance use disorders 0.92 0.57 0.7 0.74 

Musculoskeletal diseases 0.11 0.91 0.02 0.66 

Neurological conditions 0.49 0.92 0.49 0.85 

Oral conditions / / / / 

Respiratory diseases 0.88 0.95 0.84 0.98 

Sense organ diseases / / / / 

Skin diseases / / / / 

injuries 0.03 0.79 0.13 0.96 

R2: determination coefficient. /: The data used to fit the APC model contained too many zero or 

were not available. 
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