
1 
 

Rate of Aging of Chinese Oldest-old and its Determinants 

 

Kuangshi HUANG
1
  Zhuo CHEN

1
  Xuying ZHANG

1
 Jiehua LU

2
  Kirk SCOTT

3
 

1 Demographic Laboratory, China Population and Development Research Center 

2 Department of Sociology, Peking University 

3 Center for Economic Demography, Lund University 

Abstract 

In recent decades, individual rate of aging has become the most exciting and attractive 

topic and approximately the core of research on aging. Given that most of current 

literature of the rate of aging focused on the elderly in developed countries, this 

project will concentrate on the biggest developing country—— China.  

This study uses a longitudinal data from the Chinese Longitudinal Healthy Longevity 

Survey and frailty index to examine the rate of individual aging of Chinese elderly 

and its determinants. The key finding is that the mean rates of aging for the elderly at 

different ages are nearly the same, almost between 2 percent and 2.5 percent each year. 

The regression results showed that most of variables about the early and middle life 

are statistically insignificantly, including the birth place, the current residence, the 

marriage times, the availability of medical service both at around age 60 and in 

childhood, and the experience of hunger in childhood. But some variables are 

significant, including doing regular exercise, the adequacy of medical service if 

seriously ill and sufficiency of financial support for daily costs. Therefore it is 

possible for humans to slow the rate of aging, albeit with too slight influence of such 

efforts. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2 
 

Table of Contents 

 

1. Introduction .......................................................................................................................... 3 

2. Literature Review .............................................................................................................. 3 

2.1 rate of aging ............................................................................................................... 3 

2.2 determinants of the rate of aging .................................................................. 5 

3. Data and Method ................................................................................................................ 7 

3.1 Data ................................................................................................................................ 7 

3.2 Method .......................................................................................................................... 8 

3.2.1 Frailty index .................................................................................................... 8 

3.2.2 The slope of linear regression ............................................................. 9 

3.3 Variables .................................................................................................................... 12 

4. Results ................................................................................................................................... 13 

4.1 Value and direction of rate of aging ........................................................... 13 

4.2 Change of rate of aging with age ................................................................. 16 

4.3 Determinants of rate of aging ........................................................................ 17 

5. Conclusion and discussion ......................................................................................... 21 

References ................................................................................................................................ 22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3 
 

1. Introduction 

In recent decades, rate of aging has become the most exciting and attractive topic and 

approximately the core of research on aging. Study on rate of aging will considerably 

illustrate the studies on aging because it grasps the key questions of aging as follows: 

how we age? What is the rate of aging for human? Is it constant over ages? Do all 

humans have the same rate of aging? Why we age? What kinds of factors affect the 

rate of aging? Which one has the biggest effect on rate of aging? Can we slow or 

delay the rate of aging? To what extent we can control our rate of aging? How to slow 

and delay the rate of aging if possible? The answers of these questions will make us 

truly become masters of our own lives. Given that most of current literature examined 

the rate of aging of the elderly in developed countries, this project will focus on the 

biggest developing country——China.  

2. Literature Review 

2.1 rate of aging 

Practically, most researchers equated “aging process” with “rate of aging” in their 

studies. Literally, rate of aging points to a kind of speed or acceleration, which is a 

more quantitative measurement of “aging process”. Different from the vital rates, such 

as fertility rate, mortality rate and birth rate as well as death rate, rate of aging refers 

to the change of aging over age or time, rather than a kind of proportion or ratio. It is 

precisely because this, we use “rate of aging” rather than “aging rate”. Although the 

meaning of “rate of aging” is quite similar to that of “speed of aging”, it is widely 

accepted that the “speed of aging” is mostly used in explaining the change of 

proportion of 65+ in the total population over time while the “rate of aging” is mainly 

employed in describing the change of something indicative of aging with age or over 

time. 

The dominating use of “rate of aging” in biology is associated with both mortality and 

fecundity. The idea that the rate of increase of mortality and decrease of fecundity 

with age can be employed as a measurement of aging rate has been widely used in 

many empirical studies by biologist (Linda Partridge, Nicholas H. Barton, 1996). 

Furthermore, this idea can be measured by the product l(x)m(x) , which could be 

viewed as a measurement of the extent of aging in the life history (where l(x) is 

survival from birth to age x and m(x) is fecundity at age x (Linda Partridge et 

al.,1996). However, in many circumstances this measure is a spurious indication of 

aging, especially in the absence of the real decrease in the phenotype with age 

although there is an apparent decrease in death rate with age. Therefore Linda 

Partridge (1996) proposed the Fisher’s “reproductive value” as an ideal index of the 
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rate of aging. 

υ(𝓍) = ∫
ℓ(𝓎)

ℓ(𝓍)

∞

𝓍

𝓂(𝓎)ℯ 𝓇(𝓍−𝓎)𝒹𝓎 

Here, υ(0) = 1 and 𝓇 is the asymptotic rate of population growth, usually taken as 

zero in many cases. 

For those who just focus on later life or at old (advanced) ages, they consider the rates 

of acceleration of mortality as rate of aging (Johnson, 1990; Elisabetta, 2003) and 

combine the characteristics such as frailty, morbidity, disability in late life or at 

advanced ages. In 1979, Vaupel J. et al. incorporated the concept of individual 

susceptibility to death in the analysis of survival data by devising a frailty model for 

studying mortality (Vaupel et al.,1979). Afterwards, Yashin et al. proposes a correlated 

frailty model to solve the problems emerging from the frailty model (Yashin et al., 

1995). However, these studies still define rate of aging as the rate of increase in the 

chance of death due to increasing deterioration with age, namely “the pace of increase 

in mortality with age” (Vaupel ,2010). 

With intensive research on the health of elderly, many studies on frailty or senescence 

or debility, diseases or morbidity, and disability have emerged. These studies center on 

the real aging process rather than the outcome (death). So the rate of aging is defined 

as “rate of increase in the chance of death due to increasing deterioration with age 

(senescence)”(Vaupel ,2010). In this sense, rate of aging means rate of deterioration or 

rate of debilitation. Operationalization of these concepts further makes the aging more 

measureable. Several studies define the changes of aging markers as the rates of aging. 

So these studies use rates of aging rather than rate of aging, because there are many 

aging markers, such as lens opacity, hearing, grip strength, skin thickness (Aihie 

Sayer A, Cooper C, Evans JR et al,1998). However, the dominating method to 

measure aging is to build a comprehensive index integrating as many indicators of 

aging as possible and calculate the change of such index over age as the rate of aging.  

The term frailty is widely used in geriatricians and gerontologists to describe a range 

of conditions about aging process in older people. Conceptually, frailty is a kind of 

increasing risks of loss of independence, although not necessary related with the 

specific disease and disabilities. More specifically, frailty is a systemic indication of 

age-accelerated physical and cognitive deficits or impairments (Fried et al., 2004; 

Kulminski et al., 2006; Kulminski, Ukraintseva et al., 2007; Markle-Reid, 2003; 

Morley, Perry, & Miller, 2002; Rockwood, Mogilner, & Mitnitski, 2004; Yashin et al., 

2007). Previous empirically studies provide two most common methods to 

operationalize frailty: one is the phenotypic approach and the other is the frailty index 

(Bergman et al., 2007; Kulminski et al., 2008; Levers, Estabrooks, & Ross Kerr, 2006; 

Rockwood et al, 2007). The former defines frailty by selecting any three items from 

dozens of conditions, including weight loss, exhaustion, weakness, slowness, or low 

physical activity (Fried et al., 2001). Alternatively, the frailty index pays less attention 

to specific deficits of individuals and more attention to the cumulative number of 

health deficiencies (Kulminski et al., 2006; Mitnitski et al., 2005). Many studies show 

that the frailty index is more ideal measurement for predicting mortality than 
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phenotypic method (Kulminski et al., 2006, 2008; Rockwood et al., 2007), because 

frailty index has three obvious strengths: firstly, frailty index is easy to calculate as the 

proportion of cumulative health deficits to all possible deficits for a specific 

person(Rockwood, 2005).Secondly, frailty index is more aggregate measurement by 

integrating a variety of psychological, physiological, and functional conditions and 

abilities (Fisher, 2005; Rockwood, Fox, Stolee, Robertson, & Beattie, 1994). Last but 

not least, as a proxy for biological age, the validity of frailty index has been widely 

proved in various populations to be a robust predictor of health change, health care 

utilization, and death (Goggins, Woo, Sham, & Ho, 2005; Janssen, Shepard, 

Katzmarzyk, & Roubenoff, 2004; Kulminski et al., 2006; Mitnitski, Graham, 

Mogilner, & Rockwood, 2002; Mitnitski, Mogilner, & Rockwood, 2001; Mitnitski et 

al., 2005; Puts, Lips, & Deeg, 2005; Song, Mitnitski, MacKnight, & Rockwood, 2004; 

Yashin et al., 2007). 

Conventionally, for humans, the rate of aging will follow the mortality pattern, 

namely the exponential model: at the early and mid life the rate of aging is very slow 

and after 40s the rate of aging goes up quickly and linearly increase in later life. 

However, some studies show that the rate of aging of the force of mortality will slow 

down at older ages and the rate of aging seems more likely to follow a logistic pattern 

with deceleration at advanced ages (Vaupel et al., 1979; Horiuchi and Coale, 1990; 

Manton and Vaupel, 1995; Thatcher et al.,1998). Gu Danan et al ’s observation also 

indicate that the curve of mean of frailty index by age from 65 to 109 fit better in with 

logistic distribution than exponential, linear, or quadratic distributions(Gu Danan et 

al,2009). However, linear model of rate of aging also have been developed by 

empirical and theoretical researches on oldest-old people. Kaare Christensen et.al 

considered the indictors of aging such as grip strength, disability score, cognitive 

composite score, and depression symptomatology score, as dependent variables and 

time as independent variable, then employed the linear regression model and put the 

slope as the rate of aging (Kaare Christensen et.al, 2008). In their four waves of a 

longitudinal study on the Danish 1905-cohort, Kaare Christensen et.al also views the 

regression coefficient for the total means as a summary measure of aging at the 

population level and the regression coefficients conditional on the number of waves of 

participation as the rate of aging at the individual level (Kaare Christensen et.al, 2008). 

James Vaupel also concluded in his study that the rate of deterioration with age seems 

to be constant across individuals and over time (Vaupel, 2010). Besides, some studies 

indicate that in contrast to mortality rates increasing exponentially, the human 

functional decline tends to be linear (Strehler, 1999). 

2.2 determinants of the rate of aging 

The studies on the determinants of rate of aging were entirely fuelled by determinants 

of longevity, health and aging. The association between longevity and genes has been 

repeatedly examined empirically and theatrically, both in the laboratory and in the 

field. Although many genes reportedly determining longevity have been found but 

“none has an effect as big as the modest effect of APOE (the apolipoprotein E gene)” 
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(Vaupel, 2010) and few has been repeatedly proved in studies. There is no evidence 

proved that identical twins share a heritable maximum lifespan. Some studies showed 

that genetic variation among individuals can explain only about 25% of the variation 

in adult lifespan (McGue, 1993; Herskind,1996). The effect of genetic variation on 

lifespan seems to have a slight increase with age and there is still modest influence 

even among the elderly. But the impact of genetic variation might be more 

pronounced at the oldest ages (Perls,2002). Although there is little success for 

biologists to identify the major longevity genes in humans (Christensen, 2006), more 

and more studies show that genes just play a modest role in determining how long 

humans live (Herskind,1996; Perls,2002; Hjelmborg,2006; Christensen,2006). 

Many studies uncover that environmental factors play a bigger role in aging. The 

evolutionary theory elaborates the role of environmental factors in aging. From an 

evolutionary perspective, aging either comes from the constrained optimization of the 

life history (Williams 1957, 1966; Charlesworth 1980, 1994; Kirkwood & Rose 1991; 

Partridge & Barton 1993) or results from mutation pressure (Medawar 1952; 

Hamilton 1966; Charlesworth 1980, 1994). The rate of aging is related with the 

impact of external factors on the survival and fecundity of the population (Medawar 

1952; Williams 1957; Hamilton 1966; Charlesworth 1980, 1994). Usually, the higher 

externally imposed death rates of adults would bring about evolution of higher rates of 

aging for both survival and fecundity (Linda Partridge, Nicholas H. Barton, 1996). 

The relationships between early growth and rate of aging are repeatedly proved. Many 

studies indicated that rates of aging are to some extent related with early growth. The 

results from animal’s studies have shown that the long-term effects of poor early 

nutrition on aging are obvious because undernutrition in utero will bring about the 

raised blood pressure(Langley,1994),altered glucose and lipid metabolism 

(Hales,1991; Barker,1993)which are related with cardiovascular and other 

degenerative diseases (Aihie Sayer A et al,1998). The study on human has the similar 

result that in some systems, events in early life have already programmed the rates of 

aging, because the mechanism of aging process is “the impaired development of 

repair systems by inadequate early nutrition” (Lucas,1991). Aihie Sayer A et al made 

the retrospective cohort study and found that lower weight at first year after birth was 

statistically related with increased lens opacity score, higher hearing threshold, 

reduced grip strength and thinner skin, although visual acuity, macular degeneration 

and intraocular pressure were not statistically associated with early growth(Aihie 

Sayer A et al,1998).These empirical observations further prove the effects of 

environmental factors rather than genetic variables on rates of aging because nutrient 

supply rather than genome determines the early growth(Walton,1938; Morton,1955). 

The effects of events in utero and in childhood (Barker, 2008), such as season of birth 

(Moore,1997; Doblhammer,2004), on health in old age are observed significantly. A 

study reports that “babies born in November in Europe around 1900 lived several 

months longer after age 50 than babies born in May” (Doblhammer,2004). 

Furthermore, results from twins’ studies reveal that childhood environments shared by 

the twins can explain almost 10% of the variation in adult lifespan (McGue,1993; 

Herskind,1996). 



7 
 

Lifestyle also plays important role in human aging. The persons who smoke cigarettes, 

have little exercise and are grossly obese, would have big risk to die earlier or age 

more rapidly than those who not. Generally, cigarette smoking during adult years 

exerts rather serious influence on health even decades later, which in turn speeds up 

the rate of aging. Studies show that the reason, why advance in reducing adult death 

rates is faster in some countries than in others, can be explained well by the patterns 

of cigarette smoking (Wang, 2009). 

Some types of events later in life also are major determinants of aging. Studies show 

that the progress in reducing the risk of death rates among the elderly mostly come 

from the medical advances or economic growth (Kannisto,1994;1996; Rau,2008; 

Vaupel,1997). Take Germany as example, the rates of death of the old and very old in 

the former East Germany experienced rapid decline and approached those of the 

former West Germany, after the reunification of Germany several decades ago (Vaupel, 

2003). 

There are more and more emphasis on the effects of social environmental factors and 

individual efforts. Studies show that the extension of lifespan and postponement of 

aging is entirely owed to the progress being made in medical and public-health 

services, advancement of living standards, and improvement in education and 

nutrition as well as betterment of lifestyle (Oeppen,2002; Riley,2001). Studies also 

show that dietary restriction (Mair,2003; Sohal,1996),public-health efforts for a safer 

home and outdoor environments and for high-quality health care as well as for more 

salubrious lifestyles by reducing self hazardous behavior (cigarette smoking, excess 

alcohol consumption, obesity, lack of exercise and so on), might be effective to delay 

human aging. Some studies also stressed that for further progress in lengthening 

lifespan and postponing senescence in the future, it is important to make efforts to 

improve the health not only of the elderly but also of the young so that they can reach 

their old ages in better condition (Vaupel, 2010).  

Overall, more and more researchers believed that the age process is a comprehensive 

consequence of multiple factors, including biological differences, preference of life 

styles, variance of environmental and living conditions as well as economedical 

factors (Vaupel and Yashin, 1985; Vaupel and Carey, 1993). 

 

3. Data and Method 

3.1 Data 

This study employs the longitudinal data from the Chinese Longitudinal Healthy 

Longevity Survey (CLHLS), consisted by the 9093 elderlies who are fully 

interviewed in baseline survey and partially participated in next four follow-up 

surveys. For simplicity, I deleted the individuals who dropped out in one survey but 

came back in next survey, so finally I had a sample with 9091 old persons aged 
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75–125. Of the 9091 participants, 4831 (53.14 per cent) were alive and re-interviewed 

in the follow-up survey in 2000, 2642(29.06 per cent) in 2002, 1052(11.57 percent) in 

2005, and 358(3.94 per cent) in 2008. My analyses are restricted to the 4831 

individuals who have two and more surveys because we have no information of aging 

process for the elderies lost or died in 2000 survey. Of the 4831 participants, 3389 

were died and 1084 were lost in next three follow-up surveys. The interview rate in 

2002 follow-up survey is 81.9%, 78.7% in 2005, and 62.5% in 2008 (Figure1). 

In order to further examine the rate of aging of these interviewees, four survey cohorts 

can be identified in this longitudinal data. Cohort 1 is the interviewees who are died 

and lost in 2002 survey, namely who experienced only twice surveys. Cohort 2 is the 

respondents who are died and lost in 2005. They took part in three follow-up surveys. 

Cohort 3 is the elderly who were observed by four follow-up surveys, namely died 

and lost in 2005. Cohort 4 is the older persons who have participated in the previous 

four wave’s surveys and still survived in 2008 survey. In other words they were 

investigated by five follow-up surveys. 

 

 
 

 

3.2 Method 

3.2.1 Frailty index 

The study uses the frailty index to measure the aging. Frailty index is an effective 

summary tool widely used in most studies to capture the cumulative health deficits of 

an individual (Cohen, 2000; Markle-Reid, 2003; Mitnitski et al., 2005). The formula 

for the frailty index can be written as 

F =
∑ 𝒹𝒾

𝓃
𝒾=1

Ν
 

Here, F denoted the value of frailty index. N is the total number of possible deficits 

and 𝓃 is the number of indicators in the frailty index. I used 30 indicators of health 

9091 
4831 

(84.4%) 

2642 

(81.9%) 

1052 

(78.7%) 

358 

(62.5%) 

3368 

Dead 

1604 

Dead 

1306 

Dead 

479 

Dead 

892 

Lost 

585 

Lost 

284 

Lost 

215 

Lost 

1998 2000 2002 2005 2008 

Note: the square boxes provide the number of interviewees and interview rates. 

Figure 1  Flow-chart of four follow-up surveys of 9091 Chinese elderlies interviewed in 1998 
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including ADLs (Activities of daily living), functional limitations, self-reported and 

interviewer-rated health status, disability, auditory and visual ability, heart rhythm, 

and numerous chronic disease, without consideration of the cognitive functioning and 

IADLs (instrumental activities of daily living) because of difficulties in measurement 

of cognitive functioning and partial overlap between IADLs and IDLs (see Table 1). 

However, these items are basically similar to those used in studies from China 

mainland (Gu et al, 2009), Canada (Mitnitski et al., 2005), the United States 

(Kulminski et al., 2006), and Hong Kong SAR (Goggins et al., 2005). 

Each item was dichotomized by coding 1 if a deficit is present while 0 if not. 

Following prior research(Goggins et al,2005), I assigned a score of 2 if the 

interviewees suffered two or more serious illnesses in past two years, coded a score of 

1 if once and coded 0 when no. So the total number of possible deficits N in this study 

is 31. Therefore the value of individual frailty index should be any value between 0 

and 1. Previous empirical assessment of the validity and sensitivity of frailty index 

showed that the results of different combinations of individual indicators are basically 

consistent if the major dimensions of health are included in the index such as ADLs 

and chronic diseases (Gu et al, 2009). 

3.2.2 The slope of linear regression 

This study assumed that the aging of elderly followed the linear mode and employed 

the linear regression to estimate the rate of aging. I used the value of frailty index as 

the dependent variable and the year as the independent variables. The aging model 

can be expressed as follows: 

𝓎 = 𝒶 + b𝓍 + ℰ 

Here, 𝓎  denotes the value of frailty index for a given year  𝓍 . The regression 

coefficient or slope b is the rate of aging. 

This study calculated the rate of aging based on the individual level by regressing 

individual value of frailty index each year on the number of years. The slope of 

regression is the rate of aging for each individual. By this method, this study not only 

can calculate all of the individuals’ rates of aging and further have the mean, 

distribution of total samples as well as sub-samples, but also can make a deeper 

analysis of the effects of demographic, socioeconomic, medical, and living 

environmental factors on the rate of aging.  
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Figure 2 the rate of aging for 4 sub-cohorts 

 

 

F9 cohort 4

F8

F7 cohort 3

F6

F5 cohort 2

F4

F3 cohort 1

F2

F1

year 1998 2000 2002 2005 2008

value of frailty

index

Note: the value of frailty for individuals next year does not necessarily increase. It could

decrease or stay at the same value. In other words, the rates of ageing (the slope) of individuals

could be negative, zero, or positive.

y = a + bx

b,the slope,is the rate of ageing
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Table 1  List of Items Included in the Frailty Index and their Codings 

 
 

No. Items coding No. Items coding

1 ADLs: Needs assistance for bathing code 1 if yes,otherwise 0 16 Abnormal heart rhythm code 1 if yes,otherwise 0

2 ADLs: Needs assistance for dressing code 1 if yes,otherwise 0 17 Number of serious illnesses in the past 2 years

code 2 if having 2 and more

serious diseases ,1 if only 1,

and 0 if zero

3 ADLs: Needs assistance for toileting code 1 if yes,otherwise 0 18 Suffering from hypertension code 1 if yes,otherwise 0

4 ADLs: Needs assistance in indoor transferring code 1 if yes,otherwise 0 19 Suffering from diabetes code 1 if yes,otherwise 0

5 ADLs: Needs assistance for eating code 1 if yes,otherwise 0 20 Suffering from heart disease code 1 if yes,otherwise 0

6 ADLs: Incontinence code 1 if yes,otherwise 0 21 Suffering from stroke/cerebrovascular disease code 1 if yes,otherwise 0

7
Functional limitations: Unable to put hand

behind neck
code 1 if yes,otherwise 0 22

Suffering from bronchitis, pulmonary emphysema,

asthma, or pneumonia
code 1 if yes,otherwise 0

8
Functional limitations: Unable to put hand

behind lower back
code 1 if yes,otherwise 0 23 Suffering from pulmonary tuberculosis code 1 if yes,otherwise 0

9
Functional limitations: Unable to stand up from

sitting in a chair
code 1 if yes,otherwise 0 24 Suffering from cataract code 1 if yes,otherwise 0

10
Functional limitations: Unable to pick up a

book from the floor
code 1 if yes,otherwise 0 25 Suffering from glaucoma code 1 if yes,otherwise 0

11
Functional limitations: Unable to turn around

360° within five steps
code 1 if yes,otherwise 0 26 Suffering from cancer code 1 if yes,otherwise 0

12 Poor self-rated health code 1 if yes,otherwise 0 27 Suffering from prostate tumor code 1 if yes,otherwise 0

13 Poor interviewer-rated health code 1 if yes,otherwise 0 28 Suffering from gastric or duodenal ulcers code 1 if yes,otherwise 0

14 Hearing loss code 1 if yes,otherwise 0 29 Suffering from Parkinson's disease code 1 if yes,otherwise 0

15 Vision loss code 1 if yes,otherwise 0 30 Suffering from bedsores code 1 if yes,otherwise 0



12 
 

 

3.3 Variables 

Based on the well-established literature on determinants of aging, I selected 21 

variables coming from two categories: one is about the early and mid life of the 

elderly shared in different follow-up surveys, while another is about the present life 

which could be changeable in each follow-up surveys. The former category includes 

12 explanatory variables constituting three dimensions: demographics, lifestyle in the 

past, and economdecial traits in the past. The latter category contains 9 explanatory 

variables involving four dimensions: living environment, current marriage status, 

economedical traits in present life, and lifestyle in the past. 

This study employed multiple regression method to test effects of these explanatory 

variables on the rate of aging. I coded all categorical variables into the dummy 

variables and assigned the most unfavorable variables for rate of aging such as rural, 

illiterate as reference categories. For the regression of determinants in the past life, I 

used the following model: 

𝓎 = 𝒶0 + 𝒶1 age + 𝒶𝒾 ∑ shared variables 

21

𝒾=2

+ ℰ 

Here, 𝓎 is the rate of aging for each older person. 𝒶0 is the constant. 𝒶1 is the 

coefficient of numerical variables age.  ℰ denotes the error item. 𝒶𝒾 represent the 

coefficients of 20 variables about the past life. 

Because there is no question about the household income in questionnaires of the first 

two surveys, in other words, we have no information about the household income of 

cohort 1. Therefore, for cohort 1, I used the following model: 

𝓎 = 𝒶0 + 𝒶𝒾 ∑ changeable variables 

11

𝒾=1

+ ℰ 

Here, 𝓎 is also the rate of aging for each older person. 𝒶0  is the constant.  ℰ 

denotes the error item. 𝒶𝒾 represent the coefficients of 11 variables about the present 

life. 

For other three cohorts, I used the following model: 

𝓎𝒿 = 𝒶0𝒿 + 𝒶1𝒿 household income + 𝒶𝒾𝒿 ∑ ∑ changeable variables 

4

𝒿

12

𝒾=2

+ ℰ𝒿 (𝒿

= 2,3,4) 

Here, 𝒿 denotes different cohorts (𝒿=2,3,4).  𝓎𝒿 is the rate of aging for each older 

person of different cohorts. 𝒶0𝒿  is the constant for each cohort. 𝒶1𝒿  is the 

coefficient of numerical variables household income for each cohort.  ℰ𝒿 denotes the 

error item of each cohort . 𝒶𝒾𝒿 represent the coefficients of 11 variables about the 

present life for each cohort. 
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4. Results 

4.1 Value and direction of rate of aging 

Table 2 presents the value and direction of rate of aging for each cohort. On average, 

cohort 2, cohort 3, and cohort 4 has the almost same mean rate of aging while cohort 1 

has exceptionally high mean of rate of aging. After a breakdown of three cohorts, the 

exceptional high mean in cohort 1 is entirely contributed to the dead samples, whose 

mean of rate of aging is nearly 0.1. If we subtract the higher part of mean of dead 

samples in cohort 1 than the average of dead samples from the mean of cohort 1 and 

add the mean of lost samples, we get the adjusted mean of cohort 1 which is equal to 

0.024(0.062-(0.096-0.058)=0.024). The adjusted mean of cohort is also very close to 

the mean of other three cohorts. Furthermore, compared with the lost samples and 

dead samples of cohort 2 and cohort 3, the highly consistent mean of rate of aging 

provides enough reasons making us believe that the mean of rate of aging for each 

cohort are the same, more specifically a constant, which roughly is between 0.018 and 

0.03. Such range is within the error range. So I am more inclined to believe that the 

rate of aging for humans is a constant.  

Figure 3 is the density distribution of rate of aging for different cohorts. Graphically, 

such conclusion is further demonstrated in Figure 2 displaying a shape of a closed or 

combined umbrella in density distribution of cohort 2, cohort 3, and particularly 

cohort 4. The density distribution looks like a line with high proportion of samples 

sharing the mean rate of aging. This is to say, the rate of aging fluctuated within a 

certain range. The range is the error range of mean of the rate of aging. At least, we 

are sure that overall for octogenarians the rate of aging is more likely to be a constant 

in next ten year’s lives.  

The constant mean of rate of aging represents the overall speed of aging, however, 

individually the rate of aging existed significantly differences. Some have positive 

rate of aging, while others have zero or negative rate of aging. Table 4 presents that of 

2189 elderlies in cohort 1, 21.6% have negative rate of aging and in other three 

cohorts there are 1.7-2.8% of old persons in each cohort have the negative rate of 

aging. Of 2189 participants in cohort 1, 3.7% have the zero rate of aging, which 

means that people get older but do not become aging. The percentages of the elderly 

whose rate of aging is zero in other three cohorts are much higher than that in cohort 1. 

In particular, in cohort 4 the percentage of zero rate of aging is 18.7%. At the 

aggregate level, about 80% of the old persons have the positive rate of aging while 20% 

of the old persons have zero or negative rate of aging. About 14% averagely have zero 

rate of aging in cohort 2, cohort 3, and cohort 4, which is very close to the percentages 

of lost samples in the three cohorts. 
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Figure 3  the density distribution of rate of aging for different cohorts 
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Table 2 Value and direction of rate of aging for different cohorts and samples 

 
 

 

 

1998 2000 2002 2005 2008

positive

ageing(rate>0)

zero

ageing(rate=0)

negative

ageing(rate<0)

Cohort 1 2189 74.7 3.7 21.6

Cohort 2 1590 87 10.2 2.8

Cohort 3 694 85.3 12.4 2.3

Cohort 4 358 79.6 18.7 1.7

Total means 0.041(0.054) 0.023(0.018) 0.02(0.016) 0.018(0.016)

Interviewees number 4831 2642 1052 358

Lost samples of Cohort 1 585 5.3 14 80.7

Lost samples of Cohort 2 284 81.7 14.1 4.2

Lost samples of Cohort 3 215 82.3 14 3.7

Total means

Lost number 585 284 215

Died samples of Cohort 1 1604 100 0 0

Died samples of Cohort 2 1306 88.1 9.3 2.5

Died samples of Cohort 3 479 86.6 11.7 1.7

Total means

Dead number 1604 1306 479

study sample

quality of ageing(%)

means value of rates of ageing (standard deviation)

4831 80.6 8.2 11.2

0.062(0.073)

0.026(0.02)

40.6 14 45.4

3389 93.5 5.3 1.2

0.096(0.049)

0.026(0.020)

0.021(0.016)

0.058(0.051)

Total

number

0.021(0.016)

0.018(0.016)

-0.03(0.041)

0.023(0.020)

0.020(0.016)

-0.006(0.041)
1084
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4.2 Change of rate of aging with age 

Figure 4 illusrated clearly the change of mean rate of aging among the four cohorts. 

Figure 5 showed the change of mean of rate of aging for different subsamples with 

age. Figure 6 showed the mean rate of aging for different observation durations of 

dead samples. Graphically, it seems more reasonablely to conclude that the rate of 

aging is a constant over age, both for cohort samples and for dead samples. For the 

elderly who were oberserved in their last two or three years of lives, the constant is 

much higher than those both who were oberserved in their last four or severn years of 

lives and who are still alive. In other words, the constant rate of aging will exist in 

normall process of aging, however such constant will be changed in two or three years 

before when they acchieve their upper limit age, even though the rate of aging druing 

the last two or three years of lives, it is still the same for different ages. 

 

 
Figure 4  the change of mean of rate of aging for different cohorts with age 
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Figure 5 the change of mean of rate of aging for different subsamples with age 

 

 
Figure 6 the breakdown of dead samples for different cohorts 

 

 

4.3 Determinants of rate of aging 

Table 3 presents the regression results for the effects of variables in past life on the 

rate of aging. Table 4 presents the cohort samples’ regression results for the effects of 

variables at present life on the rate of aging. Of all variables both early life and 
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present life, regular exercise is the only variable which can have negative influence on 

rate of aging. Remarkably, the effects of both adequacy of medical service if seriously 

ill and sufficiency of financial support for daily costs are significantly negative for 

rate of aging, while availability of medical service both at around age 60 and in 

childhood also does not show statistical significance. 
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Table 3 Regression results for the effects of variables in past life on the rate of aging 

 
♀p < 0.1;∗ 𝑝 < 0.05;∗∗ 𝑝 < 0.01;∗∗∗ 𝑝 < 0.001 
 

 

0.0015 *** 0.0016 *** 0.0007 *** 0.0013 *** 0.0006 *** 0.0006 *** 0.0004 *** 0.0004 *** 0.0002

birth place(rural) urban -0.0027 0.0000 0.0019 -0.0039 0.0007 0.0012 -0.0016 0.0002 -0.0027

education(illiterate) literate 0.0024 -0.0011 -0.0047 0.0116 ** -0.0008 -0.0009 -0.0020 -0.0030 ♀ -0.0015

How many times have you been

married?(twice and more)
once 0.0035 -0.0007 0.0035 -0.0012 -0.0004 0.0007 -0.0001 -0.0018 0.0035

professional and

technical

personnel

-0.0083 ♀ -0.0025 -0.0224 ** 0.0087 0.0003 0.0007 0.0014 -0.0006 0.0093 *

governmental,

institutional or

managerial

personnel

-0.0082 -0.0209 -0.0287 ** 0.0119 0.0006 0.0002 0.0048 0.0074 ♀ 0.0041

industrial worker -0.0091 * -0.0005 -0.0172 ** 0.0105 -0.0006 0.0006 -0.0023 -0.0025 0.0030

commercial or

service worker
-0.0062 0.0013 -0.0123 * 0.0066 -0.0014 -0.0013 0.0022 0.0015 -0.0003

military personnel -0.0055 0.0008 -0.0041 0.0038 -0.0047 -0.0027 0.0172 * 0.0125 0.0081

houseworker -0.0148 0.0120 0.0119 * -0.0065 0.0031 ♀ 0.0016 0.0046 * 0.0014 0.0069 **

others 0.0017 0.0004 0.0052 0.0230 -0.0003 0.0005 0.0001 -0.0010 0.0074

Did you smoke in the

past?(yes)
no -0.0006 -0.0016 0.0100 ** -0.0092 * 0.0010 0.0015 -0.0012 -0.0004 0.0041 *

Did you drink alcohol in the

past?(yes)
no 0.0034 -0.0074 0.0076 * -0.0017 0.0015 0.0009 0.0012 0.0006 -0.0014

Did you do exercises regularly

in the past?(no)
yes -0.0016 -0.0042 ** -0.0014 -0.0085 * -0.0014 -0.0011 -0.0011 -0.0010 -0.0049 *

Have you done physical labor

regularly?(yes)
no -0.0004 0.0051 -0.0035 -0.0134 ** 0.0014 0.0031 * 0.0028 0.0034 ♀ -0.0005

yes -0.0032 0.0031 0.0011 0.0098 -0.0008 0.0007 -0.0007 0.0007 -0.0019

never sick -0.0037 0.0034 0.0010 0.0127 -0.0031 -0.0012 -0.0041 -0.0024 -0.0034

yes -0.0057 0.0044 -0.0045 0.0027 0.0004 -0.0001 -0.0019 -0.0026 0.0008

never sick 0.0000 -0.0025 0.0032 0.0066 0.0009 -0.0005 -0.0011 -0.0025 -0.0008

Did you frequently go to bed

hungry as a child?(yes)
no 0.0012 0.0449 0.0009 -0.0027 -0.0006 -0.0014 -0.0009 0.0000 -0.0002

1909 2784 1787 1899 1383 1418 555 592 348

-0.0947 *** -0.1023 *** 0.0016 -0.0476 * -0.0292 *** -0.0320 -0.0122 -0.0095 -0.0048

0.0550 0.0610 0.0760 0.0510 0.0750 0.0720 0.0830 0.0690 0.0980

5.5000 *** 9.5000 *** 7.2860 *** 5.0510 *** 5.5250 *** 5.4570 *** 2.4010 *** 2.1280 ** 1.7670 *

female

Cohort 2

male total

Cohort 4

female

Cohort 3

R Square

F Value

male female

Total

male

Cohort 1
Variables(reference group)

lifestyle

variables

eoconiomedic

al variables

Could you get adequate

medical service when you were

sick at around age 60?(no)

Could you get adequate

medical service when you were

sick in childhood?(no)

size of sample

constant

Demographic

varibales

age

Main occupation before age

60(agriculture, forest, animal

husbandry,fishery worker)

female male
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Table 4 Regression results for the effects of variables at present life on the rate of aging 

 
♀p < 0.1;∗ 𝑝 < 0.05;∗∗ 𝑝 < 0.01;∗∗∗ 𝑝 < 0.001 

residence(rural) urban -0.0033 -0.0026 0.0017 0.0016 0.0011 0.0010 -0.0003 0.0026

with household

member(s)
0.0252 *** 0.0249 *** 0.0043 *** 0.0047 ** 0.0047 * 0.0043 * 0.0021 -0.0043

in a nursing

home
0.0235 ** 0.0259 ** 0.0061 * 0.0067 * 0.0042 0.0046 0.0116 -0.0083

married and living

with spouse
-0.0251 *** 0.0061 -0.0056 *** -0.0049 *** -0.0045 ** -0.0053 ** 0.0036 -0.0076

separated -0.0032 -0.0045 -0.0003 -0.0014 -0.0101 ♀ -0.0161 * 0.0019 -0.0048

divorced -0.0262 -0.0088 0.0067 0.0121 * -0.0191 -0.0071 0.0000 0.0000

Does all of your financial

support sufficiently pay your

daily costs?(no)

yes -0.0058 -0.0038 -0.0053 *** -0.0049 *** -0.0024 -0.0011 -0.0097 0.0027

0.0000004 * 0.0000004 * 0.000000001 -0.00000001 0.00000005 ** -0.00000005

Can you get adequate medical

service when you are seriously

ill?(no)

yes -0.0104 0.0027 -0.0045 ** -0.0053 *** -0.0015 -0.0016 -0.0064 -0.0109 *

Do you smoke at the present

time?(yes)
no 0.0157 *** -0.0097 ♀ 0.0046 ** 0.0043 ** 0.0022 0.0001 0.0000 0.0019

Do you drink alcohol at the

present time?(yes)
no 0.0063 ♀ -0.0031 0.0024 ♀ 0.0021 0.0037 * 0.0035 * -0.0020 0.0010

Do you do exercises regularly

at present?(no)
yes -0.0289 *** -0.0242 *** -0.0136 *** -0.0134 *** -0.0051 *** -0.0052 *** -0.0025 -0.0023

1625 1706 1310 1338 560 560 139 214

0.0652 *** 0.0679 *** 0.0257 *** 0.0260 *** 0.0161 *** 0.0185 *** 0.0259 *** 0.0301 ***

0.114 0.043 0.163 0.153 0.079 0.067 0.144 0.052

18.94 *** 6.98 *** 21.03 *** 20 *** 3.92 *** 3.464 *** 1.943 * 0.998

Cohort 2

male female femalemale

Cohort 3 Cohort 4

constant

R Square

F value

femalemale

Current marriage

variable
marriage status(widowed)

economedical

variable  Household income last year

lifestyle variables

size of sample

variables(reference group)

Living enviormental

variables living arrangement(alone)

Cohort 1

male female
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5. Conclusion and discussion 

This study employed a cumulative index, namely frailty index, to estimated rate of 

aging on the individual level for the oldest-old interviewed at least twice or more 

times and on this basis further examined the effects of external factors such as 

lifestyle on individuals’ rate of aging.  

The key finding of this study is that the mean rate of aging for the elderly at different 

ages is a constant, almost 2-3% per year. This finding that rate of aging for the elderly 

at different ages is averagely constant was directly concluded based on the 

conclusions of four aspects: firstly, all cohorts but cohort 1 has almost the same mean 

rate of aging. After the breakdown of cohort1, the adjusted mean rate of cohort 1 is 

also very close to the other three cohorts. Secondly, the density distribution of rate of 

aging for different cohort looked like a closed umbrella with high concentration in the 

mean rate and symmetric dispersion within an error range of mean rate. Thirdly, 

graphically, the curves of change of mean rate of aging with age for all cohorts with 

an exception of cohort 1 basically are a flatted line. The curves of change of mean rate 

of aging with age for dead samples of different cohorts are also a straight line. This 

result is totally consistent with the James W. Vaupel’ s hypothesis that the rate of 

aging is “a basic biological constant” (Vaupel,2010).  

Constant mean rate of aging refers to the average speed of human aging at the 

aggregate level or at population level, allowing the significant variance on the rate of 

aging at individual level. Although all of individual rate of aging are mainly 

distributed around mean rate with a limited fluctuation, as showed in figure 7, 

individual has obvious differences not only on the quantity of rate of aging but also on 

the quality of rate of aging, as presented in table 2. This study indicated that about 20% 

of the elderly have the nonpositive rate of aging, particularly in their 80s and 90s. It is 

noteworthy that about 14% of the elderly have zero rate of aging which means that 

they aged without frailty. This finding also shows consistence with previous research 

(Vaupel, J. W, et al., 2004; Baudisch A., 2005; Baudisch A., 2008). Results also show 

that most of the lost samples have negative rate of aging, it is precisely because of this 

that they can migrate. In other words, most of lost samples are not dead but move so 

that it is too difficult for the survey team to follow them. This finding is completely 

different from the conclusions that the lost samples have poorer health conditions than 

participants (Christensen, K., 2008). 

The different rate trajectory of aging among individuals sounds good news for 

individuals because finding determinants of such differences provides possibilities of 

slowing down or delaying the rate of aging by external efforts. However, the 

regression results showed that most of variables about the early and mid life of elderly 

are statistically insignificantly. Of 12 explanatory variables at present life, only the 

coefficients of regular exercise and living with spouse are significantly basically for 

all models of all cohorts. It seems to be true that the rate of aging for elderly is slightly 

dependent on the external environmental factors. 

Most postulated determinants of rate of aging are not tested statistically significantly 

in this study, including the birth place, current residcence, marriage times, availability 

of medical service both at around age 60 and in childhood, and experience of hunger 
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in childhood. Some presumably determinants of rate of aging are significant in limited 

models, such as education, occupation, smoking experience both in the past and at 

present, drinking alcohol both in the past and at present, regular physical labour, 

current marriage status, living arrangements, and the adequacy of medical service if 

seriously ill and sufficiency of financial support for daily costs. In other words, the 

effects of these variables on rate of aging mostly depend on individual. Only the effect 

of the variable regular exercise on rate of aging proved statistically significant for all 

models, both about the past life and the present life.  

Moreover, of all variables both early life and present life, regular exercise is the only 

variable which can have negative influence on rate of aging. Such inspiring finding 

that doing exercise regularly is contributive to the slowing of aging seems to be good 

news for the elderly. Besides, the meaningful finding that the adequacy of medical 

service if seriously ill and sufficiency of financial support for daily costs are also 

helpful for the slowing of aging suggests that economic and medical factors play very 

important role in healthy aging for the elderly. These findings do not deny the mean 

constant hypothesis of rate of aging. On the contrary, these findings further prove that 

it is possible for humans to slow the rate of aging, albeit with too slight influence of 

such efforts. 
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