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Objective: The goal of the present study was to investigate gender differences in disability-free life expectancy (DFLE) and DFLE/LE ratio among older adults in China; portray changing trend from 2010 to 2020; and discuss the implications for public policies.

Methods: Mortality data and disability rate data were derived from the Sixth China Population Census in 2010 and the Seventh China Population Census in 2020. The study assessed disability status of older adults based on self-assessment health in the above censuses. Life table and Sullivan method were used to estimate LE, DFLE, and DFLE/LE ratio by gender.

Results: DFLE increased from 19.33 to 21.78 years for 60-year-old males, while from 21.94 to 24.80 years for 60-year-old females, from 2010 to 2020, respectively. DFLE/LE ratio was 96.40% for 60-year-old males and 94.86% for 60-year-old females in 2010, while DFLE/LE ratio was 96.63% for 60-year-old males and 95.44% for 60-year-old females in 2020, respectively. In terms of gender differences in DFLE/LE ratio, men aged 60 are 1.19 percentage points higher than women at the same age; men aged 70 are 1.71 percentage points higher than women; men aged 80 are 2.87 percentage points higher than women.

Conclusion: From 2010 to 2020, the DFLE of China’s male and female older adults increased simultaneously with the increase of LE, and the DFLE/LE ratio also increased. However, the DFLE/LE ratio of female older adults is lower than that of male at the same age, and this gender difference is narrowing over the decade but has not yet been eliminated, especially the health disadvantage of female older adults among the oldest old age group (age 80 and above) is more prominent.
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1. Introduction

Along with the unprecedented socio-economic development that has taken place globally over the past 50 years, people around the world are living longer (1). However it is uncertain whether an increase in life expectancy will result in an increase in healthy life expectancy (2). Meanwhile there is evidence that health life expectancy differs by gender. In general, women live longer than men, but are less physically and mentally healthy than men, and have a higher burden of morbidity or disability than men over a longer survival period (3, 4). Time spent in disability-free or disability (DFLE or DLE) plays a critical role in the use of public health services (5). This article explores the change trend and gender differences in disability-free life expectancy among older adults in China from 2010 to 2020, the results may serve as a guide for public policies in the country.

Since China entered the aging society in 2000, the aging process has been deepening, and the number and proportion of older adults has been gradually increasing (6). The data from the Seventh China Population Census show that in 2020, China’s population aged 60 and older has reached 260 million and the population aged 65 and older has reached 190 million, accounting for 18.7 and 13.5% of the country’s total population, respectively (7, 8), making it the country with the largest older adults population in the world. The aging process in China will continue to advance in the future, and it is expected that by 2050, there will be about 360 million people aged 65 and above in China, accounting for 26.1% of the total population (9). The large size and the increasing proportion of older adults will have a multi-dimensional effect and continuous pressure on all aspects of China’s economy and society, affecting the own retirement lives of older adults, increasing the burden on their families, and increasing the pressure on public service provision (6), however also bringing opportunities for the development of the “silver hair economy” and related new scientific and technological advances. The health status of older adults is an important factor in an aging society, and healthy aging is an important measure to implement the national strategy to actively cope with population aging.

Chinese population has experienced a health transformation and rising life expectancy, and the life expectancy has been increasing from 67.77 years in 1981 to 77.93 years in 2020 (10). The transformation has been attributed to China’s economic and social development, rising living standards, and improved healthcare conditions. However, the changes of life expectancy are unable to reflect the changes of health status of population (11, 12), so healthy life expectancy should be used. Healthy life expectancy (HLE) is an indicator that developed on the basis of life expectancy (LE). Life expectancy is composed of lengths of time spent in different states of health until death. These lengths of time spent in healthy states are healthy life expectancies. Life expectancy can reflect the length of life, while healthy life expectancy can reflect the quality of life (13). Longevity is a success for human society and brings with it the costs and benefits of success. On the one hand, advances in medications, lifestyle, and socioeconomics might improve ability in activities of daily living, that is, benefits of success. On the other hand, lifespan extension might expand disability in physical and cognitive functioning, as more frail individuals survive with health problems, that is, costs of success (14). This has led to a variety of health and social needs of older adults. Therefore, an accurate measure of the health status and HLE of older adults is of great significance for the older adults and their families to reasonably plan their life after old age, for the government and society to optimize the allocation of care resources and improve care policies of older adults.

Healthy life expectancy is an important indicator widely recognized to evaluate the health level of a population. Healthy life expectancy (HLE) is the number of remaining years at a particular age that an individual can expect to live in a healthy state (however health may be defined) unaffected by disease, death and dysfunction (6). The theoretical concept of HLE as health indicators was proposed by Sanders (15) and the first example was published in a report of the US department of Health Education and Welfare using a method devised by Sullivan (16). There are two main methods for estimating healthy life expectancy: the Sullivan method and multistate method. The multistate method requires longitudinal data to provide the transition rates between health states, while the Sullivan method uses more readily available data of current prevalence (13). In addition, based on the above two basic methods, many extension methods and computer programs have been proposed in recent years (17). Indeed, the Sullivan method has been used the most and generally can be recommended for its simplicity, relative accuracy and ease of interpretation (13, 18–21). Many empirical studies on healthy life expectancy usually use the functional ability to perform activities of daily living as an indicator of health status, and the HLE calculated on this basis is also known as Disability-Free Life Expectancy (DFLE) (13, 16). HLE is a more accurate indicator of the health status of a population than LE, and has been recommended by the World Health Organization to reflect the overall health status of the population.

Regarding the change trend in healthy life expectancy, there are three main theoretical hypotheses. The first one is the theory of “a compression of morbidity” proposed by Fries, which advocates that with socio-economic development, improved medical technology and better lifestyle, the population can live longer while delaying the onset of chronic diseases and disability, thus the time spent in morbidity or disability before death (i.e., DLE) is compressed (22). In contrast, Gruenberg proposed “an expansion of morbidity” hypothesis, which supports that the increase in life expectancy is accompanied by an increase in the survival of the frail, so the time spent in morbidity before death is expanding (23). In reality, these two trends might coexist and interplay, and the theory of “a dynamic equilibrium” has been proposed by Manton to help understand the association between morbidity and increasing life expectancy (24). In China, studies focusing on the HLE of the population have been gradually enriched since the 1990s, and these three theoretical hypotheses have been argued in related studies (25–27). Empirical studies on the above theoretical hypotheses in the country and abroad have not reached consistent conclusions so far.

Gender differences in health status and healthy life expectancy have been demonstrated in previous researches (3, 4, 28). Researches on gender differences in health in many countries have brought to light an important paradox: women report worse self-rated health than men, but women are less likely to die than same-aged men throughout life; women have longer LE than men, but their HLE/LE ratio is lower than that of men (29, 30). This is called the female–male health–survival paradox (31). There are several possible explanations for this paradox, and many explanations are rooted in biological, sociological, and psychological explanations. There may be multiple causes, including fundamental biological differences between the sexes, such as genetic factors, immune system responses, disease patterns, and more. From a socio-economic perspective, there are differences between women and men in many areas such as education, employment, income and accessibility of health services (32–34). Differences in lifestyle and behavior may also play a role, such as smoking, risk taking and unwilling to follow treatment (31, 35).

Previous studies have found that China’s female older adult is not as healthy as men, despite having a higher life expectancy. Older women have lower levels in activities of daily living (ADL) than men (36), and are more likely to follow a trajectory of disability (37). Particularly at advanced ages (80 years old and above), Chinese older women have a higher rate of disability during survival and are more likely to experience prolonged suffering before death than men (27). There are limited studies on HLE or DFLE of older adults in China, particularly those focusing on gender differences and changes over time based on census data. A study based on the 2005 sample survey and the 2010 census found that the proportion of DFLE in LE of males is higher than that of females, and the proportion of DFLE in LE is expanding from 2005 to 2010 (38). Another study using data from the 2010 census found that the proportion of disability life expectancy (DLE) in LE is significantly higher in women than in men, older women had longer periods in poor health than men (11). In addition, there are studies of healthy life expectancy based on longitudinal surveys, such as Chinese Longitudinal Healthy Longevity Study (CLHLS) and China Health and Retirement Longitudinal Study (CHARLS), however, the data are all prior to 2019 (27, 39). Therefore, this paper aims to use the latest data from the 7th National Population Census in 2020 to reflect the new changes in HLE of the Chinese older adults from 2010 to 2020 and the evolution of trends over the decade, and to explore the related public policy improvement issues from the perspective of gender differences in HLE.



2. Data and methods


2.1. Mortality data and disability-free rate data

The data required are the age-specific mortality information, and the age-specific prevalence of the population in healthy and unhealthy states. The data were derived from the Sixth (2010) and the Seventh (2020) China Population Census, which has been organized by the National Bureau of Statistics of the People’s Republic of China every 10 years, and encompassed all 31 provinces in mainland China.

Mortality data are derived from above two censuses. The population in each age group and the number of deaths in the age group are obtainable from the two censuses. Based on this data, the age-specific mortality rates of the whole population by gender in 2010 and 2020 are calculated, respectively. The mortality rate by single years of age will be used to calculate the complete life table and total life expectancy. Regarding the quality of the mortality data from the two censuses, relevant studies have shown that in terms of the stability of age-specific changes in mortality, the quality of mortality data is improving in China, with higher quality mortality in the 2010 and 2020 censuses (40, 41). Of course, population mortality data are only statistical values of mortality rather than actual mortality, and statistical values are bound to have random errors. However, because of the extremely large base of China’s population, the random error in mortality is extremely small and the magnitude of change is extremely small (42).

In the above two censuses, the health status of older adults aged 60 and older was statistically classified by age and sex, and the health status is based on self-assessment by older adults and families. Self-assessment health is a simple and integrated evaluation indicator that can not only reflect personal health status but also integrate the subjective and objective aspects of health status (43). The indicator of self-assessment health makes it more likely that people will be able to assess their health holistically, taking into account various social, physical, and emotional factors that affect their health (44). Admittedly, the indicator of self-assessment health has its drawbacks, which lie in its subjective nature, and it is not as relatively objective as a doctor’s assessment of health status. In the two censuses, the health status of older adults was divided into four categories: (a) “Healthy”; (b) “Basically healthy”; (c) “Not healthy, but disability-free”; (d) “Not healthy and disabled.” Due to the characteristics of the Sullivan method, the health status of the population needs to be distinguished into two categories in this paper: disability-free and disability. Therefore, the first three categories [including: (a) “Healthy”; (b) “Basically healthy”; (c) “Not healthy, but disability-free”] from the censuses are combined and defined as disability-free older adults, and the fourth category [i.e., (d) “Not healthy and disabled”] is defined as disability older adults in this paper. On this basis, the age-specific disability-free rate of older adults in China by gender in 2010 and 2020 are calculated, respectively. The health life expectancy that we shall calculate is disability-free life expectancy in this paper. Disability will be defined as requiring help with one or more activities of daily living (ADLs) (13).



2.2. Sullivan method

The complete life tables with full age range (0 to 95+ years) are complied firstly. Four complete life tables are produced in this paper, including two life tables for men and women in 2010, and two life tables for male and female in 2020. Then, based on the current life tables and the disability-free rate of the older adults, Sullivan method is used to estimate the disability-free life expectancy of the older adults. With the Sullivan method, we can decompose the life expectancy (LE) obtained from the original life tables into disability-free life expectancy (DFLE) and disability life expectancy (DLE). We can clearly know the time spent in disability-free or disability during the survival period before death. And the analysis of DFLE/LE ratio allows us to explore the relationship between longevity and health, and the quality of life. European Concerted Action on the Harmonization of Health Expectancy Calculations in Europe (EURO-REVES) published a practical guide for the calculation of healthy life expectancy by the Sullivan Method (13). This research uses the method recommended by the above guide to measure DFLE. The steps to estimate the disability-free life expectancy of older adults using Sullivan’s method are as follows:

(a) Based on the initial complete life tables with the full age range (0–95+ years) for 2010 and 2020, the number of surviving person-years lived with disability-free of older adults aged 60 and above is estimated by using the disability-free data of older adults. The formula is as follows:
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In the above formula, Lx refers to the number of surviving person-years in the corresponding age in the life table, π(x) is a newly added indicator item in the life table, which refers to the disability-free rate in the corresponding age of older adults.

(b) Estimate the total number of surviving person-years lived with disability-free, and the formula is as follows:
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(c) The age-specific disability-free life expectancy of older adults aged 60 and above is estimated by the following formula, in which lx represents the number of people alive at that age.
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(d) Calculate the proportion of disability-free life expectancy on life expectancy among older adults by age and gender, that is, DFLEx/LEx ratio, where LEx refers to the total life expectancy or remaining life years in the corresponding age.




3. Results


3.1. Disability-free rate by age and gender

The disability-free rate of older adults gradually decreases with age, and this trend is consistent among the male and female older adults. The disability-free rate of older adults shows significant gender differences. In the same year of 2010 or 2020, the disability-free rate of old men is generally higher than that of old women of the same age. In terms of different age groups, the gap of disability-free rate between male and female is not obvious among the age group of young old (age 60–79); however among the age group of oldest old (age 80 and above), the gap of disability-free rate between male and female is gradually becoming apparent, and the older the age, the greater the gap between male and female older adults.

From 2010 to 2020, the disability-free rate of both male and female older adults increased. The increase rate of old women is larger than that of old men, and compared with the young old women, the oldest old women have a more obvious increase in the disability-free rate, which also makes the gap between the male and female older adults narrow in 2020 compared with 2010. It is worth noting that in 2010, the disability-free rate of men is higher than that of women at the same age among the young old, but by 2020, the disability-free rate of the young old women will be reversed. However, the gender gap in the disability-free rate still exists objectively in 2020, especially in the age group of oldest old (age 80 and above), where older women are at a disadvantage in terms of disability-free rate significantly, compared to older men of the same age (Figure 1).

[image: Figure 1]

FIGURE 1
 Disability-free rate of older adults by age and gender in China, 2010–2020.




3.2. Trend in LE and DFLE by gender

In the same year, it can be seen that both the LE and DFLE gradually decrease with age, while DLE gradually increases with age. This trend is found in both male and female older adults. However, there are significant gender differences in the levels and changes in LE, DFLE and DLE of the older adults. The LE and DFLE of old women are generally longer than that of old men of the same age. Meanwhile, the DLE of old women is also longer than that of old men of the same age. Compared to gender differences in LE, gender differences in DFLE and DLE are relatively insignificant. In addition, among the age group of young old (age 60–79), the gender differences in LE, DFLE and DLE are greater and more pronounced; while among the age group of oldest old (age 80 and above), the gender differences in LE, DFLE and DLE are not as significant (Table 1).



TABLE 1 Disability-free life expectancy (DFLE) and DLE of older adults in China by age and gender, 2010–2020.
[image: Table1]

Regarding the change trend over the decade, the LE for old men of the same age is increased from 2010 to 2020. Meanwhile, there are also increases in both DFLE and DLE for old men of the same age. For old women, the LE and DFLE of the same age are increased from 2010 to 2020, but the DLE of the same age slightly decreases in trend. In terms of the magnitude of the increase in LE and DFLE from 2010 to 2020, old women have a greater and more significant increase than old men; the age group of oldest old (age 80 and above) have a greater and more significant increase than the age group of young old (age 60–79). Compared to 2010, gender differences in LE and DFLE become larger in 2020, while the gender gap in DLE becomes smaller in 2020 (Table 1 and Figure 2).

[image: Figure 2]

FIGURE 2
 Life expectancy (LE) and DFLE of older adults by age and gender in China, 2010–2020. (A) LE and DFLE of male older adults in China, 2010-2020. (B) LE and DFLE of female older adults in China, 2010-2020.




3.3. Trend in the proportion of DFLE on LE by gender

The proportion of DFLE on LE (DFLE/LE ratio) gradually decreases with age, and the declining trend is more moderate for the age group of young old (age 60–79), while the declining trend is more distinct for the age group of oldest old (age 80 and above). This trend is present in both male and female older adults. Regarding the gender difference in the DFLE/LE ratio, it can be seen that the DFLE/LE ratio of old men is consistently higher than that of old women at the same age. Moreover, this gender gap in DFLE/LE ratio is not obvious among the age group of young old (age 60–79), while among the age group of oldest old (age 80 and above) this gender gap in DFLE/LE ratio is more obvious. There is a trend that the gender differences in DFLE/LE ratio become greater with increasing age (Table 2).



TABLE 2 Abbreviated life table of DFLE of older adults in China by gender, 2010–2020.
[image: Table2]

From 2010 to 2020, the DFLE/LE ratio for both male and female older adults have increased to varying degrees. In terms of the extent of improvement in DFLE/LE ratio, old women show a greater lift than old men. Meanwhile, the age group of oldest old (age 80 and above) shows a greater lift than the age group of young old (age 60–79). As can be seen, the gender gap in DFLE/LE ratio has narrowed over the decade from 2010 to 2020. However, in 2020 the gender gap in DFLE/LE ratio is still significant across all age groups, especially for the age group of oldest old (age 80 and above). Combining the data about LE and DFLE from the previous section, it can be seen that old women have longer LE and DFLE but have lower DFLE/LE ratio, while old men have shorter LE and DFLE but have higher DFLE/LE ratio. That is to say, although the female older adults survives longer than the male older adults, the quality of survival is worse than that of the male older adults (Figure 3).

[image: Figure 3]

FIGURE 3
 DFLE/LE (%) of older adults by age and gender in China, 2010–2020.





4. Discussion

This paper has examined the LE and DFLE of male and female older adults in China from 2010 to 2020. Our results show that along with an increase in LE from 2010 to 2020, the DFLE of both genders has increased, and the DFLE/LE ratio of older adults at the same age also has increased to varying degrees. The result of our study supports the theoretical hypothesis of “a compression of morbidity” (22). It is consistent with the 1986–1995 situation in Japan (45) and the 2005–2011 situation in South Korea (46) and the 1980–1990 situation (among those of higher educational status) in the United States (3) and other countries and regions (47, 48). It can be assumed that the health status of China’s older adults has improved. Several contextual factors could explain these trends, including rapid economic and social growth, continued advancements in medical and healthcare services (14), and changes in population reproduction patterns and disease spectrum (6, 49). Improved health and longevity among older adults may lead to “health dividends” or “benefits of success” (14) for the individual, family, and society (50). For older adults, the benefits of improved health include better quality of life, increased societal participation, and more efficient utilization of human capital (49). For families, the benefits entail reduced caregiving burden as family care remains the primary form of support for older adults in China. For society and the state, improved health and longevity among older adults may reduce the impact of population aging on public policies and service systems (51). However, the observed improvements may also incur “costs of success,” as an increasing size of older adults survive longer with health problems (14). Therefore, changes in health and longevity are complex and multifaceted phenomena that require a comprehensive approach to address their implications.

Our study indicates that the variation in DFLE of older adults shows significant gender differences. From 2010 to 2020, the disability-free rate of older adults of both genders increased, and the disability-free rate of old men is higher than that of old women of the same age. Moreover, while the DFLE/LE ratio increased for both genders during the decade, the increase was greater for women, suggesting a narrowing of the gender gap. However the DFLE/LE ratio of old men is consistently higher than that of old women at the same age. The health disadvantage in DFLE/LE ratio of female older adults is still significant in 2020, particularly among the oldest old age group (age 80 and above). It is evident from our study that improvements in health and longevity in China have had a positive impact on the DFLE of both male and female older adults, albeit with gender-specific differences. While women generally live longer than men, our findings reveal that women’s longer lives do not necessarily translate to healthier lives. Our findings are consistent with prior researches conducted in China between 2005 and 2010 (27, 36–38), utilizing census data (11, 38) or sample survey data (27, 39). Additionally, gender differences in healthy life expectancy have been noted in other regions, such as the European Union, where females are expected to have longer periods with activity limitations than males (28). Similarly, during the 1986–2004 period in Japan, the proportion of expected years in good or average health (HLE) in the life expectancy of older women was lower than that of older men (42).

The gender differences observed in DFLE and DFLE/LE ratio suggest that the health needs of female older adults are more significant and long-term compared to their male counterparts (51). However current social welfare policies for older adults are predominantly gender neutral, but policies that ignore the fact that men and women have different socially determined roles, responsibilities, and capabilities are essentially gender-blind and can exacerbate existing gender inequalities (52). Therefore, it is essential to incorporate a gender perspective in the formulation of public policies and allocation of public services to eliminate health disparities (37). Moreover, from a perspective of life cycle, it is imperative to consider health problems faced by older adults as the result of a range of past experiences, including healthcare, housing conditions, hygiene practices, and education, and not merely limited to old age (5, 51). Thus, addressing older women’s health disparities requires a focus on promoting women’s rights and equality throughout their entire life cycle (52). To this end, there is a need to improve the disadvantageous position of women in terms of nutrition, education, and health services during early years, and reduce disparities in employment, income, and family caregiving in adulthood, to enhance women’s health and socio-economic accumulation across their life span.



5. Conclusion

Our study presents an analysis on disability-free life expectancy (DFLE) among Chinese older adults, with a particular emphasis on gender differences and change trends over the 2010–2020 period. It is found that along with an increase in LE, the DFLE and DFLE/LE ratio have increased for both genders over the decade. This result supports the theory of “a compression of morbidity.” Meanwhile, there are significant gender differences in DFLE among older adults in China. Female older adults have longer LE and DFLE but lower DFLE/LE ratio, while male older adults of the same age have shorter LE and DFLE but higher DFLE/LE ratio. It seems that for female older adults, the length of life is longer but the quality of life is worse and less healthy; for male older adults, the length of life is shorter but the quality of life is better and more healthy. Although the gender gap in DFLE/LE ratio has narrowed over the decade, gender differences still exist significantly in 2020, especially among the age group of oldest old (age 80 and above). These findings have important implications for policy development. Health promotion strategies should be adopted to sustainably improve the functional ability of daily living and overall health level for both female and male population in old age. Policy efforts are necessary to eliminate gender disparities in the quantity and quality of life years.
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60 2005 1933 072 2313 2194 119
65 1624 1552 073 1892 1773 119
70 1278 1205 073 15.02 1384 119
75 9.86 9.12 0.74 1163 1044 119
80 743 667 0.76 872 751 121
85 571 493 079 657 535 122
90 455 370 0.85 495 372 123
95+ 426 338 0.87 413 295 119
In 2020

60 2254 2178 0.76 25.98 2480 119
65 1858 17.82 0.76 2153 2035 118
70 14.89 1414 075 1731 16.14 117
75 1162 1087 075 1348 1231 116
80 885 809 076 1015 898 117
85 676 5.96 0.80 751 634 118
90 535 448 0.87 561 442 120
95+ 483 387 0.96 469 346 123

The age in this table refers to the exact age, not the 5-year age group.
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Male in 2010
60 87,622 87,148 2005 0.9934 86,570 1,693,638 1933 96.40
65 82,005 81,287 1624 0.9877 80,285 1272318 1552 95.52
70 73,672 72,538 1278 0.9789 71,010 887,466 1205 94.28
75 61,125 59,620 9.86 0.9664 57,617 557,699 9.12 9252
80 45,180 43,291 7.43 0.9411 40,742 301410 667 8979
85 27,204 25,553 571 0.9073 23,185 134,051 493 8625
90 12,682 11,517 455 0.8443 9,724 46,940 370 8141
95+ 4,300 18,306 426 0.7946 14,547 14547 338 79.46
Female in 2010
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65 89,818 89,341 1892 0.9875 88,224 1,592,641 1773 93.72
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90 22,683 20,978 495 0.7989 16,759 84,382 372 75.10
95+ 8911 36834 413 07131 26,267 26,267 295 7131
Male in 2020
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« represents age; I represents the number of people alive at that ages L, represents the number of surviving person-years; LE, represents lfe expectancy; x, represents the disabi
age x; LLDF represents the number of surviving person-yearslived with disabilityfree; T,DF represents the total number of surviving person-years lived with disability-free; DFLE, represents
o disabilityfree lfe expectancy at age x; DELE/LE, (%) represents the proportion of disabilityfee lfe expectancy on life expectancy. Thistable is an abbreviated lfe table with excerpts only
for age 60, 65, 70, 75, 80, 85, 90, and 95+, not a complete life table with the full age range (0 to 95+ years).
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