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Objective: Liver cancer is one of the most common causes of cancer-related death. Understanding how demographic factors influence mortality due to liver cancer is crucial for optimizing disease-control strategies. We aimed to characterize the long-term trends in the mortality and years of life lost (YLL) of liver cancer in Shanghai, China, 1973–2019, and quantitatively analyze the contributions of demographic and non-demographic factors on the mortality of liver cancer.

Methods: Using mortality data from the Mortality Registration System of Pudong New Area, the largest district of Shanghai with a population of permanent resident of 5.68 million, during 1973–2019, we analyzed the temporal trends for the mortality rates and YLL by Joinpoint Regression Program. The difference decomposition method was employed to estimate the increasing mortality rates related to demographic and non-demographic factors.

Results: A total of 21,530 deaths from liver cancer occurred from 1973 to 2019. The crude mortality rates (CMR) and age-standardized mortality rate by Segi's world standard population (ASMRW) of liver cancer were 26.73/105 person-years and 15.72/105 person-years, respectively. The CMR, ASMRW, and YLL rates of liver cancer showed significantly decreasing trends in males, females and the total population from 1973 to 2019, whereas the upward trends in the YLL were seen in males, females and the total population (all P < 0.05). A significant upward trend was observed in the increased CMR caused by demographic factors, but the changing rate caused by non-demographic factors decreased.

Conclusions: The CMR and ASMRW of liver cancer continually decreased although YLL increased during 1973–2019 in Pudong New Area, Shanghai. The demographic factors, especially aging, might be responsible for the increase in the mortality of liver cancer. More effective prevention strategies tailored to liver cancer are needed to further reduce its disease burden in the elderly population.
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INTRODUCTION

Liver cancer is expected to rank as the sixth most common cancer and the third leading cause of cancer-related death, with an estimated 906,000 new cases and 830,000 deaths occurring worldwide in 2020 (1). China accounts for more than half of the world's incident and death cases of liver cancer. Liver cancer is the most commonly diagnosed cancer and the first leading cause of cancer-related death in men younger than 60 years old, and it remains a serious threat to human health and is the main cause of premature mortality (2, 3). In China, during 1990–2017, age-standardized incidence rate of liver cancer decreased from 27.16/105 to 26.04/105, and age-standardized mortality rate decreased from 26.72/105 to 21.30/105, respectively (4). In addition, the liver cancer-caused years of life lost (YLL) increased by 21.27% (from 644 per 100,000 population to 781 per 100,000 population) (5). It is shown that the incidence rate of liver cancer declines in China, but the burden increases. The incidence and mortality rates may not completely reflect the burden of liver cancer, because it harms the younger population more than others. YLL is an important measure quantifying the burden of cancer, and the calculation of YLL is based on the age at death and the number of deaths at each age, eliminating the mismatch of disease impact solely derived from the number of deaths (6).

The increasing burden of liver cancer is possibly attributed to demographic, epidemiological, and health transitions including explosive population growth, aging and unhealthy lifestyles (5). China has experienced rapid demographic and non-demographic transitions with fast-paced urbanization, aggravated aging, and environmental pollution in the past few decades (7). A wide range of demographic and non-demographic factors are associated with liver cancer, such as age, gender, race/ethnicity, chronic hepatitis B virus and/or hepatitis C virus infection, alcohol abuse, smoking, non-alcoholic fatty liver disease, metabolic syndrome, diabetes, obesity, aflatoxin B1, dietary habit, and genetic susceptibility (8, 9). Demographic factors are referred to age, gender, residence, education level, race/ethnicity, and family relationships. An age-period-cohort analysis showed that effect attributed to population aging was the most important demographic factor in the mortality of liver cancer compared with period and cohort effect, and the mortality risk increased gradually with age (10). Non-demographic factors such as economic level, access to healthcare services, improvement of medical technology, promotion of residents' health awareness, and changed living environment are caused by circumstances beyond the individual's control (11). However, the contribution of demographic and non-demographic factors on the mortality of liver cancer have not been quantitatively analyzed in China.

Shanghai is the largest metropolis in China, with a permanent resident population of 24.87 million in 2020. Moreover, Shanghai is one of the earliest industrial cities, and residents in Shanghai were exposed to pollution from heavy industry from 1949 to 1980s. Thereafter, the Shanghai government carried out pollution prevention and ecological environment protection activities, focusing on prevention and control of industrial pollution. In 1988, hepatitis A epidemic in Shanghai promoted the development of public health infrastructure and improved residents' health awareness. As a result of rapid economic growth for nearly 30 years since the initiation of economic reform in 1979, Shanghai has become an upper-middle income region since 2006 (12). Thus, Shanghai is the forerunner of demographic and socioeconomic development in China. Long-term epidemiologic studies are indispensable to characterize the influence of demographic and non-demographic factors on the trends of premature mortality. The cancer registration system in Shanghai was established in 1973, which was 14 years earlier than the establishment of Chinese national cancer registration system. The cancer registration data of Shanghai is of high quality and is approved by the World Health Organization (13). Pudong New Area is one of the largest cancer registries in China with a population of permanent resident of 5.68 million, accounting for approximately 23% of the total permanent resident population in Shanghai in 2020. In this population-based study, we aimed to analyze the long-term trends in the mortality and YLL due to premature mortality in people with liver cancer, and characterize the influence of demographic and non-demographic factors on the mortality using difference decomposition method, which may help in optimizing control strategies for liver cancer.



MATERIALS AND METHODS


Data Source

The mortality data of registered permanent residents with liver cancer during 1973–2019 were derived from the Mortality Registration System of Pudong New Area, Shanghai. The mortality registration system covers medical institutions of all levels, and data are checked against local population registry monthly to ensure the accuracy (14). For deaths occurring outside the medical institutions, professionals from community sanitary service center collect the relevant data using verbal autopsy. Periodic evaluations, data cleaning and compilation are performed to ascertain the completeness of death data. The population data were provided by the Public Security Bureau of Pudong New Area, Shanghai.

Since the data covered a long-time span of 47-years, death data were divided into three parts based on the different coding methods. Historical records before 1975 which were recorded in paper form were digitized and recoded according to the International Classification of Diseases, 8th version (ICD-8). Records for 1975–2001 were coded according to the ICD-9. Data recorded before 1975 and during 1975–2001 were converted into ICD-10 as described previously (14). Since 2002, death from liver cancer (C22) was directly classified according to the ICD-10. All causes of death from liver cancer were coded by rigorously trained clinicians, and each record was further verified by professionals at the Center for Disease Control and Prevention (CDC). Proportion of morphological verification (MV%) and percentage of cases identified with death certification only (DCO%) suggested overall quality of data was satisfied.



Statistical Analysis

The crude mortality rates (CMR) and age-standardized mortality rates by Segi's world standard population (ASMRW) of liver cancer were calculated by gender and period, and expressed as per 100,000 (/105). Poisson approximation method was used to compare the CMR and ASMRW between genders (13). Age-specific mortality rates were calculated for the following age groups: 0–4 years, 5–14 years, 15–29 years, 30–44 years, 45–59 years, 60–69 years, 70–79 years, and ≥80 years. YLL was used to investigate the burden of liver cancer according to method and formula proposed in previous studies (11, 15). Temporal trends in the mortality, YLL, and YLL rate from 1973 to 2019 were examined using Joinpoint Regression Program (version 4.3.1.0, National Cancer Institute, MD, USA) and expressed as an average annual percentage change (AAPC) with corresponding 95% confidence interval (CI). The Z test was employed to analyze whether the annual percent change (APC) was statistically different from zero. The quantitative contribution of demographic and non-demographic factors on the change of mortality rate during 1973–2019 were evaluated by the difference decomposition method. The change of mortality rate within each period of 5 years from 1980 to 2019 were compared with the rate during 1973–1979 which was set as a basis (15, 16). Other statistical analyses were conducted using SPSS 21.0 (SPSS, Inc., Chicago, IL). P-value of < 0.05 were considered to indicate statistically significant differences.




RESULTS


Basic Information and Burden of Death From Liver Cancer

A total of 21,530 deaths from liver cancer were reported during 1973–2019, with 14,873 men and 6,657 women. The average age at death from liver cancer was 64.73 ± 14.00 years old, and the median age at death was 65.11 years old. The CMR and ASMRW of liver cancer were 26.73/105 person-years and 15.72/105 person-years, respectively. The CMR and ASMRW were 37.40/105 person-years and 23.53/105 person-years in males, while the corresponding rates were 16.33/105 person-years and 8.39/105 person-years in females. The CMR and ASMRW were 1.29-fold and 1.80-fold higher in males than in females, respectively (both P < 0.05). The highest CMR and ASMRW occurred during the periods of 1995–1999 and 1985–1989, respectively (Table 1).


Table 1. Baseline characteristics of deaths and burden in different genders and periods of liver cancer during 1973–2019.
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During 1973–2019, the YLL due to premature death from liver cancer was 383,329.90 years, and the YLL rate was 475.93/105. YLL and YLL rate in males (297,043.26 years and 746.91/105) were significantly higher than those in females (86,286.64 years and 211.63/105). In terms of study period, the highest YLL and YLL rate occurred during the periods of 2005–2009 and 1995–1999, respectively (Table 1).



Age-Specific Mortality and Burden of Premature Death

The number of population aged 45–59 years (6,381 deaths) who died of liver cancer was the most among total deaths, followed by those aged 60–69 years (5,335 deaths) and 70–79 years (4,825 deaths). The CMR was at a low level before 30 years, and it increased rapidly from 45 years and peaked after 80 years. The top three in YLL were in the age groups of 45–59 years, 60–69 years, and 70–79 years, which were 146,729.54 years, 95,675.50 years, and 62,587.87 years, respectively. The YLL rate in the age group of 70–79 years was the highest (1,294.16/105), followed by the age group of 60–69 years (1,101.96/105) and ≥80 years (1,010.40/105) (Table 2).


Table 2. Age-specific mortality and burden premature death from liver cancer during 1973–2019.

[image: Table 2]



Trends of Mortality and Burden of Liver Cancer

The CMR, ASMRW, and YLL rates of liver cancer showed significantly decreasing trends in males, females and the total population from 1973 to 2019 (all P < 0.05) (Figures 1A, B and Table 3). However, upward trends in the YLL of liver cancer were seen in males, females and the total population (Table 3). In terms of age-specific mortality and burden, there were significant decreasing trends in the CMR and YLL rates among all age groups (all P < 0.001) except for the group of ≥80 years (Figures 1C, D and Table 3). The YLL decreased by 5.46% (95% CI = −9.29% to −1.48%, P = 0.01) per year in the age group of 0–29 years during the study period, while the YLL increased in the other age groups (all P < 0.05) (Table 3).


[image: Figure 1]
FIGURE 1. The trends of CMR, ASMRW, and YLL rate of persons with underlying cause of liver cancer death in genders and age groups in Pudong New Area, Shanghai, from 1973 to 2019. (A) CMR and ASMRW in genders, (B) YLL rate in genders, (C) CMR in age groups, (D) YLL rate in age groups. ASMRW, age-standardized mortality rate by Segi's world standard population (per 100,000); CMR, crude mortality rate (per 100,000); YLL, years of life lost (per 100,000).



Table 3. Trends of CMR, ASMRW, YLL, YLL rate of liver cancer in genders and age groups during 1973–2019.
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Quantitatively Contribution of Demographic and Non-demographic Factors on the Change of CMR

The trends of changing values of CMR caused by demographic and non-demographic factors are shown in Figure 2 and Supplementary Table 1. Based on the CMR of liver cancer during 1973–1979, the changing value of mortality rates caused by demographic factors showed an increasing trend in males, with an average period percentage change (APPC) of 39.00% (95% CI = 22.06–58.29%, P < 0.001) from 1980 to 2019, while a significantly decreasing trend was observed in the changing value related to non-demographic factors [APPC (95% CI) = −38.20% (−55.40 to −14.37%), P = 0.01]. In females, the change of CMR related to demographic factors increased by 46.06% (95% CI = 29.06–65.29%, P < 0.001) during 1980–2019, but the change related to non-demographic factors decreased with an APPC of −32.74% (95% CI = −45.70 to −16.68%, P = 0.004). In the total population, a significant upward trend was observed in the increased CMR caused by demographic factors during 1980–2019 [APPC (95% CI) = 45.01% (25.87–67.06%), P < 0.001], whereas the changing rate caused by non-demographic factors decreased [APPC (95% CI) = −33.57% (−48.49 to −14.32%), P = 0.008].


[image: Figure 2]
FIGURE 2. The increased rates caused by demographic and non-demographic factors and their proportion during the period from 1980 to 2019 compared with the crude mortality rate of liver cancer during 1973–1979 in Pudong New Area, Shanghai, China. (A) The increased rates caused by demographic and non-demographic factors, (B) The trends of changing values of crude mortality rate caused by demographic and non-demographic in genders. APPC, average period percentage change; CI, confidence interval.


Compared to the CMR during 1973–1979, the contribution rates of changing values of CMR caused by demographic factors among the total population during 1980–2019 were over 50%, suggesting that these contribution rates of demographic factors on the changes of CMR were higher than those caused by non-demographic factors. Interestingly, the impact of demographic factors on the change of CMR during 1980–2019 was more evident in males than in females (Supplementary Table 1).




DISCUSSION

As the largest metropolis and economic center in China, Shanghai stands at the forefront of the national strategic initiatives and responds quickly to the economic reform and health promotion policies. The trend of mortality of liver cancer well reflects the influence of demographic and socioeconomic development on the disease (17). Therefore, Shanghai is one of the most suitable models to clarify the trend in mortality and the impacts of demographic and non-demographic factors on the mortality. Pudong New area, founded in 1993, is the forerunner in China's reform and opening, and it is also the place where urbanization of the rural area occurs most rapidly. The immigration of non-native permanent residents and aging of natives have led to dramatic changes in the population age structure. Thus, Pudong New Area is selected as a study district and is regarded as the microcosm of China's reformation and a good representative of Shanghai (18). In addition, Shanghai has established a cancer registration system since 1973 and become one of the largest cancer registries all over the world. Since 2002, this system has covered 100% of the registered permanent residents and historical record of death registration is intact and accurate, which can provide reliable cancer registration data (13).

The disability-adjusted life-years (DALYs) from liver cancer in China reached 11,530 thousand in 2017, accounting for 53.7% of the global DALYs, so it is essential to understand the mortality and burden caused by liver cancer nationally and regionally (19). In this population-based study, there were significantly decreasing trends of CMR as well as ASMRW of liver cancer from 1973 to 2019 in males, females, and the total population. Consistent with our data, the mortality rates of liver cancer declined in China during 1990–2017 and in Yangpu district of Shanghai during 1974–2014 (20, 21). The mortality rates of liver cancer in people aged over 40 years old continued to decrease possibly attributed to antiviral therapy for the chronic hepatitis B. Since antiviral agent nucleotide/nucleoside analogs were introduced into China in 1998, antiviral therapy has prevented the occurrence of liver cancer and improved the prognosis of patients after hepatectomy (22). Furthermore, the mortality rates of liver cancer among people less than 40 years old declined to some extent due to national HBV vaccination in newborns enforced in mainland China since 1992 (23). Since a large-scale hepatitis B vaccination of newborns was conducted in Taiwan, the mortality rates decreased by up to 70 and 62% in males and females, respectively, during 1996–1999 compared with the 1980–1983 period (24).

Data of mortality by age showed that CMR was at a low level before 30 years old, and it increased rapidly from 45 years old and peaked after 80 years old. For the trends of mortality, increasing trends in the CMR were seen in males from 1973 to 1998 [APC (95% CI) = 1.72% (1.20, 2.24%)], and in the total population from 1973 to 1997 [APC (95% CI) = 1.57% (1.09, 2.05%)], but the trends began to decrease in 1998 (for males), in 1995 (for females), and in 1997 (for the total population), respectively. Regarding ASMRW, we observed evident decreases after the breakpoint in 1991 (for males), in 1990 (for females), and in 1975 (for the total population), respectively (Table 3). Furthermore, difference decomposition analysis revealed that the contribution caused by demographic factors on the changing value of CMR increased by 45.01% (95% CI = 25.87–67.06%) in the total population, by 39.00% (95% CI = 22.06–58.29%) in males, and by 46.06% (95% CI = 29.06–65.29%) in females (Figure 2). These results suggest that the increase in mortality rate of liver cancer is mainly attributed to demographic factors, especially population aging. Aging is characterized by a progressive decline in efficiency of physiological function with the accumulation of various adverse changes and increased susceptibility to disease. Aging has been demonstrated to be one of the most important risk factors for the occurrence and development of liver cancer (25). Elderly people are vulnerable to hepatocyte aging during chronic liver injury, which is mainly attributed to non-resolving liver inflammation, DNA damage caused by reactive oxygen and nitrogen species, DNA methylation and/or demethylation, and telomere shortening. Moreover, the inactivation of tumor suppressor genes entitles the aging hepatocytes with damaged DNA to escape from cell-cycle arrest and proliferate, and become the candidates for cancer precursor cells (26). Shanghai is the first city entering the aging society in China. In 1982, Pudong New Area entered the aging society, and the proportions of people aged over 60 years old and over 65 years old were 11.37 and 7.72%, respectively. During 1973–2019, the proportion of people aged over 60 years old increased significantly with an APC of 2.90% (95% CI = 2.73–3.08%, P < 0.001), and the proportion of people aged over 65 years old also showed a significant upward trend (APC = 2.81%, 95% CI = 2.66–2.93%, P < 0.001) (Supplementary Figure 1). It is estimated that the people aged more than 65 years old in China will reach 322 million by 2050 (12). Although the mortality rates declined in the general population, the rate of people older than 65 years was at a high level. Thus, it can be predicted that death from liver cancer is concentrated in the people aged over 65 years old, and aging should be taken into consideration when designing strategies for the prevention and control of liver cancer.

The concept of YLL due to premature mortality from liver cancer offers a comprehensive and robust measure for monitoring its mortality. YLL rather than standardized rates is better to reflect social and economic impacts on diseases, because it represents an indicator of relative survival considering the age at death (6). YLL gives greater weight to deaths at a younger age than those at an older age. In this study, we found that the age group of 45–59 years rather than the age group of ≥80 years had the highest number of YLL, accounting for 38.3% of the overall YLL due to premature mortality of liver cancer. YLL of liver cancer showed the upward trends in males, females and the total population during 1973–2019, whereas decreasing trends were observed since 1995 and 1996. These changing trends might be attributed to the increasing adoption of surveillance programs, improved therapeutic outcomes obtained in recent decades, surgical advances, and the availability of sorafenib in patients with liver cancer in the advanced stage (27).

The strength of this study is that we provide a comprehensive analysis of mortality and YLL trends covering a long-time span of 1973–2019 (47 years) and a large population size (over 5.0 million), and quantitatively analyze the contribution of demographic and non-demographic factors on the change of mortality rate. As one of the most developed cities of China, Shanghai has experienced dramatic changes in economic and social development. This long-term study provides an example of transition from a developing region to a developed one, and may help in exploring the changes in the spectrum of diseases in the rapid economic and social development of humanity. Nevertheless, some limitations should be noted in interpreting our findings. First, data regarding lifestyle, history of hepatitis and other liver diseases, histological types, and medical care were unavailable, so it was unable to determine the contributions of risk factors to the change of mortality of liver cancer. Second, this study was not individually based, so it was impossible to investigate the association of factors with liver cancer mortality and make causal inferences. Third, as this study covered a 47-year period, the quality of data varied in different periods. The category of liver cancer contains ICD-8, ICD-9, and ICD-10, and potential differential misclassification of the causes of death might be introduced. However, the number of deaths caused by malignant neoplasms remained stable across revisions among different ICD coding systems according to a previous study regarding the comparability of cause of death between ICD-9 and ICD-10 (28).



CONCLUSIONS

In summary, the CMR and ASMRW of liver cancer continually decreased although YLL increased during 1973–2019 in Pudong New Area, the largest district of Shanghai with over five million population. The demographic factors, especially aging, might be responsible for the increase in the mortality of liver cancer. With the health status of aging population getting worse in China and other developing countries, the burden due to the premature mortality of liver cancer is still a challenge for these countries in the future. This registry based study is crucial to provide evidences for authorities to prioritize resources and implement preventive measures to against liver cancer in China and other developing countries.
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