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ABSTRACT

In the study, we examined the extent to which the harmful effects of risk factors on all-cause mortality can be
counteracted by healthy lifestyle practices in the oldest-old (80 years of age and older). A total of 17,660 oldest-
old from China were followed up for up to 10 years. The data were analyzed using the Cox proportional hazard
model with adjustment for potential confounders. We found that having a rural residence, not being married,
having lower economic status, physical disability, impaired cognitive function, or comorbidity were all associated
with an elevated risk of mortality. Using these factors, we computed a weighted “risk score.” Because never
smoking, never drinking, doing physical exercise, having an ideal diet, and a normal weight were independently
associated with lower mortality, we also combined them to compute a weighted “protection score.” Both scores
were divided into lowest, middle, and highest groups using their tertiles. In joint effect analyses, participants with
the combined highest-risk score and lowest-protection score profile had a nearly threefold higher joint death risk.
These analyses show that adherence to a healthy lifestyle counteracts the negative effect of risk factors on all-
cause mortality in the oldest-old by more than 20%.

INTRODUCTION Annual mortality among oldest-old individuals was
reduced by somewhere between 0.2% and 1.3% from
1998 to 2008 in China [7]. Impaired cognitive functions
were independent predictors of all-cause mortality in very
old people [8]. Moreover, the risk of mortality is very
high for the oldest-old with disabilities [9]. Additionally,
socioeconomic  inequalities, obesity, cardiovascular

factors, and chronic diseases are associated with mortality

Worldwide populations are aging rapidly due to
increased life expectancy and reduced mortality in late-
life [1-4]. More than 23 million oldest-old individuals
(over 80 years of age) live in China, contributing 18%
of the oldest-old population worldwide in 2015 [5]. As
the Chinese population ages over the coming decades,

this percentage is expected to rapidly grow. By 2050,
over a quarter of the global oldest-old population will
live in China [6]. Population aging in China will bring
dramatic family and economic burdens to Chinese
society, with the medical care system being particularly
overburdened.

in the oldest-old [10-13]. Conversely, healthy lifestyle
practices, such as consumption of fruits and vegetables,
social participation, and maintaining a normal weight, are
associated with lower mortality [14-16]. The question
remains as to whether a healthy lifestyle and behavioral
factors (e.g., never smoking and physical training) can
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somehow compensate for the harmful effects of the risk
factors on mortality.

Given the large number of adults aged 80 years and
older, and the increasing emphasis on managing the
aging process, it is important to understand what are the
determinants of healthy longevity, and whether certain
lifestyles can counteract the harmful effect of risk factors
on mortality among oldest-old. In the present study,
therefore, we aimed to 1) identify independent risk
factors and investigate the combined effect of risk factors
and healthy lifestyle on all-cause mortality, and 2)
explore the extent to which the negative effect of risk
factors on mortality can be counteracted by healthy
lifestyle factors.

RESULTS
Characteristics of study population

The 17660 participants (mean age 92.7 years) included
10758 women and 6902 men. During the follow-up,
11094 (62.8%) in total, and 4298 (62.3%) men and 6796
(63.2%) women died. Table 1 shows the characteristics
of study population by gender. Compared with males,
females were older, more likely not to be married, to be
illiterate and underweight, and to live in a rural
residence, to have a lower economic level, a lower
systolic and diastolic blood pressure (BP), a higher
heart rate, a physical disability, impaired cognitive
function, an unhealthy diet, and less comorbidity and
physical exercise, and tended to be non-smoker and
non-drinker.

Risk factors, healthy lifestyle and mortality

We found that rural residence, not in marriage, lower
economic situation, physical disability, impaired
cognitive function, and comorbidity were independently
associated with higher mortality. On the other hand,
never smoking, never drinking, physical exercise, ideal
diet, and normal weight were associated with lower
mortality (Figure 1). In assessing the adverse effect of
the five unhealthy lifestyles on mortality, we found that
former and current smoking, former drinking, never
exercising, and underweight were associated with
increased mortality, while there was no significant
association between current drinking and overweight
with mortality (Supplementary Table 1). Moreover,
systolic BP and diastolic BP were not associated with
mortality, neither in males nor in females (P > 0.05)
(Supplementary Table 2). When taking into account the
effect of adverse health conditions on mortality, we
excluded the oldest-old with impaired cognition,
disability and comorbidity; nonetheless, we found
similar independent risk factors related to mortality

for all other adverse health conditions considered
(Supplementary Table 3).

Joint effect of risk factors and healthy lifestyle on
mortality

We generated a composite “weighted risk score” of
mortality by gender, ethnicity, residence, marital status,
economic situation, physical activity, cognitive health,
and comorbidity together, ranging from 0 to 39. In
contrast, a “weighted protection score” against mortality
was composed of healthy factors such as never smoking,
never drinking, physical exercise, ideal diet, and normal
weight, with the range being 0-9.

Cox models analyses showed that our risk score
correlated positively with risk of mortality (HR: 1.065,
95% CI: 1.061-1.068) while our protection score was
inversely correlated with mortality (HR: 0.94, 95% CI:
0.93-0.95) (Table 2). We divided the risk and protection
scores of all participants into three groups according to
their tertiles. Compared with the lowest tertile, the HR of
mortality for the oldest-old in the high and middle risk
score groups was 2.38 (2.27-2.50) and 1.46 (1.38-1.53),
respectively. On the other hand, the HR of mortality for
people in the high and middle protection score groups
was 0.74 (0.70-0.77) and 0.91 (0.87-0.96), respectively.

In assessing the joint effect of risk factors and healthy
lifestyles on mortality, we found that participants in the
combined highest risk score and lowest protection score
profile had a nearly threefold risk of mortality compared
with the lowest risk and the highest protecting score
profile. In the highest risk score profile, the risk of
mortality obviously increased with decreases in
protection score (high score: HR=2.97, 2.76-3.20;
middle: HR=2.82, 2.62-3.03; low score: HR=2.56, 2.38—
2.75) (Figure 2, Supplementary Table 4). The trend of
increasing risk of mortality with decreasing protection
scores was consistent with median and low risk score
profiles. Furthermore, the association of risk score profile
with mortality differed when stratified by protection
score profile (P for interaction = 0.018).

The harmful effect of risk factors on mortality was
counteracted by healthy lifestyle

Kaplan-Meier survival analysis showed that the median
survival time in the joint groups of low risk and high
protection, low risk and low protection, high risk and
high protection, high risk and low protection, was 4.8,
4.2, 2.8 and 2.5 years, respectively (P for log-rank <
0.001), suggesting that high protection scores may
prolong survival in the oldest-old with high risk scores
(Figure 3A). Figure 3B shows the offsetting effect of
adherence to a healthy lifestyle on the association
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Table 1. Baseline characteristics of the study population by gender.

Characteristics Total (N=17660) Male (N=6902) Female (N=10758) P value
Sociodemographic factors
Age (years), Mean (SD) 92.7 (7.0) 90.6 (6.5) 94.1(7.1) <0.001
Ethnic 0.362
Han 16572 (93.8) 6491 (94.0) 10081 (93.7)
Non-Han 1088 (6.2) 411 (6.0) 677 (6.3)
Marital status <0.001
In marriage 2988 (16.9) 2272 (32.9) 716 (6.7)
Not in marriage 14672 (83.1) 4630 (67.1) 10042 (93.3)
Education level <0.001
Literate 4645 (26.3) 3564 (51.6) 1081 (10.0)
Iliterate 13015 (73.7) 3338 (48.4) 9677 (90.0)
Residence <0.001
Urban 7229 (40.9) 2957 (42.8) 4272 (39.7)
Rural 10431 (59.1) 3945 (57.2) 6486 (60.3)
Economic level 0.010
Low 11177 (63.3) 4282 (62.0) 6895 (64.1)
Middle 4586 (26.0) 1831 (26.5) 2755 (25.6)
High 1897 (10.7) 789 (11.4) 1108 (10.3)
Cardiovascular profiles
Systolic BP (mmHg) <0.001
<110 1241 (7.0) 421 (6.1) 820 (7.6)
110-139 10154 (57.5) 4039 (58.5) 6115 (56.8)
140-159 4165 (23.6) 1655 (24.0) 2510 (23.3)
>160 2100 (11.9) 787 (11.4) 1313 (12.2)
Diastolic BP (mmHg) 0.003
<70 2320 (13.1) 841 (12.2) 1479 (13.7)
70-89 11077 (62.7) 4332 (62.8) 6745 (62.7)
>90 4263 (24.1) 1729 (25.1) 2534 (23.6)
Heart rate <0.001
<60 678 (3.8) 283 (4.1) 395 (3.7)
60-79 12834 (72.7) 5106 (74.0) 7728 (71.8)
>80 4148 (23.5) 1513 (21.9) 2635 (24.5)
Health status
Physical function <0.001
Normal 12202 (69.1) 5325(77.2) 6877 (63.9)
Disability 5458 (30.9) 1577 (22.8) 3881 (36.1)
Cognitive function <0.001
Normal 5200 (29.4) 2875 (41.7) 2325 (21.6)
Mild 5266 (29.8) 2145 (31.1) 3121 (29.0)
Moderate 3146 (17.8) 886 (12.8) 2260 (21.0)
Severe 4048 (22.9) 996 (14.4) 3052 (28.4)
Comorbidity <0.001
=0 13867 (78.5) 5225(75.7) 8642 (80.3)
>1 3793 (21.5) 1677 (24.3) 2116 (19.7)
Lifestyle factors
Smoking <0.001
WWw.aging-us.com 7607 AGING



Never

12591 (71.3)

Former 2628 (14.9)

Current 2441 (13.8)
Drinking

Never 12719 (72.0)

Former 2161 (12.2)

Current 2780 (15.7)

Physical exercise

Never 11559 (65.5)

Former 1642 (9.3)

Current 4459 (25.2)
Diet

Nonideal diet 4810 (27.2)

Ideal diet 12850 (72.8)
BMI (kg/m?)

<18.5 8364 (47.4)

18.5-24.9 8457 (47.9)

>25 839 (4.8)

3118 (45.2) 9473 (88.1)
1927 (27.9) 701 (6.5)
1857 (26.9) 584 (5.4)
<0.001
3630 (52.6) 9089 (84.5)
1454 (21.1) 707 (6.6)
1818 (26.3) 962 (8.9)
<0.001
3871 (56.1) 7688 (71.5)
661 (9.6) 981 (9.1)
2370 (34.3) 2089 (19.4)
<0.001
1812 (26.3) 2998 (27.9)
5090 (73.7) 7760 (72.1)
<0.001
2693 (39.0) 5671 (52.7)
3829 (55.5) 4628 (43.0)
380 (5.5) 459 (4.3)

Abbreviations: SD: standard deviation; BP: blood pressure; BMI: body mass index.

between risk factors and the risk of mortality. In the low
risk profile, high protection scores can further reduce the
risk of mortality (P < 0.0001). Similarly, mortality was
strongly attenuated by high protection scores among the
high-risk profile (P = 0.0003). High (middle and highest)
protection scores counteracted the negative effect of high
(middle and highest) risk scores on mortality by 23%.
The proportion of incident death cases that was
attributable to a high protection score profile was 0.26
(95% CI 0.24-0.27) among participants with a low risk
profile, and 0.47 (95% CI 0.43-0.52) among those with a
high risk factor profile. These findings suggest that death
among the oldest-old with a high risk profile might be
preventable in 26% of cases by having a healthy lifestyle
(and thus a high protection score), implying not smoking,
not drinking, ideal diet, exercising, and normal weight.
Moreover, for the oldest-old with high risk profiles,
having a high-protection score can prevent death in 47%
of cases.

DISCUSSION

In this large, nationwide cohort study of Chinese oldest-
old (80 years of age and older), we found that rural
residence, not in marriage, lower economic level,
physical disability, impaired cognitive function, and
comorbidity are independent risk factors. On the other
hand, we also found that never smoking, never drinking,
physical exercise, ideal diet, and normal weight are
protective factors for all-cause mortality among our
cohort. Participants in the combined highest risk score

profile and lowest protection score profile had a nearly
threefold risk of mortality compared with the combined
lowest risk and the highest protection scores profile.
Importantly, adherence to a healthy lifestyle might
counteract the harmful effects of independent risk factors
on risk of mortality by 23%.

Based data from ~0.5 million participants in the UK
biobank cohort, Bhautesh et al. [17] found that
socioeconomic status was a predictor of all-cause
mortality while mortality risk with an increasing number
of long-term health conditions remained constant across
different socioeconomic gradients. In our study, ethnicity,
residence, marital status, and economic level were
independently associated with death risk. The latter factor
suggested that a higher socioeconomic status, which
allows easier availability to healthcare and healthy
lifestyle practices, might reduce the risk of mortality in
the oldest-old. It’s important to emphasize that
cardiovascular factors, including systolic and diastolic BP
as well as heart rate, were not statistically associated with
death risk in our study. Although these results are
consistent with a previous study targeting very old people
[11, 18-21], and with studies that did not find any
association between BP and mortality in 80-year-old
subjects in Japanese [19] and American/Western
European [18, 20] cohorts, controversy remains regarding
the association between BP and mortality in old age. Lv
et al. [22] revisited a U-shaped association between
systolic BP and mortality based on a total of 4,658
oldest-old assessed at three years of follow-up, finding no
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obvious association of diastolic BP, mean arterial
pressure, and pulse pressure with all-cause mortality. We
do not know the precise mechanism responsible for this
discrepancy. Consequently, the U-shaped association
between systolic BP and mortality needs to be further
verified targeting very old people in future studies. In
addition, we demonstrated that underweight, rather than
overweight, was associated with increased risk of
mortality among the oldest-old, which was consistent
with previous study [15, 23]. These data suggested that

Variables

Risk factors
Age
Male vs. Female
Non-Han vs. Han
Not in marriage vs. in
Literate vs. illiterate
Rural vs. urban
Economic situation
Middle vs. Low
High vs. Low
Systolic BP (mmHg)
<110 vs. 110-139
140-159 vs. 110-139
=160 vs. 110-139
Diastolic BP (mmHg)
<60 vs. 60-79
=80 vs. 60-79
Heart rate
<60 vs. 60-79
=80 vs. 60-79
Physical disability
Cognitive function
Mild vs. normal
Moderate vs. normal
Severe vs. normal
Comorbidity
Healthy lifestyle
Never smoking
Never drinking
Physical exercise
Ideal diet

Normal weight

Hazard ratio
(95% CI)

1.045 (1.042-1.048)

1.26 (1.20-1.33)
1.14 (1.06-1.22)
1.18 (1.11-1.25)
1.00 (0.95-1.05)
1.14 (1.10-1.19)

1.18 (1.09-1.27)
1.25 (1.17-1.34)

1.04 (0.96-1.12)
1.00 (0.95-1.04)
0.96 (0.90-1.02)

0.99 (0.94-1.05)
1.00 (0.95-1.05)

0.99 (0.90-1.09)
1.01 (0.97-1.06)
1.34 (1.28-1.40)

1.22 (1.15-1.28)
1.34 (1.26-1.43)
1.57 (1.47-1.67)
1.10 (1.05-1.15)

0.90 (0.86-0.95)
0.95 (0.91-0.99)
0.93 (0.89-0.97)
0.95 (0.91-0.99)

0.88 (0.85-0.92)

current international and national recommendations
focusing on the risks of excess body mass index (BMI) in
the oldest-old may need to be revisited, and more
attention should be paid in estimating the death risk of
lower BML

In line with our findings, Lv et al. [24] recently found
faster cognitive decline was associated with higher
mortality independent of initial cognitive function,
especially among those aged 65-79 years. Similar

H d rati
azard ratio P value Scores

(95% CI)

= <0.001
e <0.001 4
[ 0.001 3
[ <0.001 4
HH 0.976 0
HH <0.001 3
i <0.001 4
[ <0.001 5
HE 0.299 0
HH 0.857 0
HB 0.187 0
HIH 0.821 0
HIH 0.965 0
b 0.823 0
HH 0.499 0
HEH <0.001 7
HH <0.001 5
. <0.001 7
- <0.001 10
HH <0.001 2
HiH <0.001 -2
H <0.001 -1
HEH 0.001 -2
H 0.025 -1
- <0.001 3

08 1 12 14 16 138

Figure 1. The association of the risk of mortality in relation to demographic characteristics, cardiovascular profile, health
condition, and healthy lifestyle. The model included age, gender, residence, ethnicity, education level, economic situation, marital status,
systolic BP, diastolic BP, heart rate, physical disability, cognitive function, comorbidity, smoking status, drinking, exercising, diet, and BMI,

which were adjusted for each other.
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Table 2: The association of independent risk factor score and healthy lifestyle score with mortality.

Total Male Female
HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
Risk factors
Risk score, continuous 1.065 (1.061-1.068) <0.001 1.060 (1.055-1.065) <0.001 1.069 (1.065-1.073) <0.001
Tertile of risk score
Lowest 1 (Ref)) 1 (Ref)) 1 (Ref)
Middle 1.46 (1.38-1.53) <0.001 1.58 (1.48-1.70)  <0.001  1.48(1.39-1.58)  <0.001
Highest 2.38 (2.27-2.50) <0.001 2.30(2.13-2.48)  <0.001  2.55(2.40-2.71)  <0.001
Healthy lifestyles
Protecting score, continuous  0.94 (0.93-0.95) <0.001 0.94 (0.93-0.95) <0.001  0.93(0.92-0.94)  <0.001
Tertile of protecting score
Lowest 1 (Ref)) 1 (Ref)) 1 (Ref)
Middle 0.91 (0.87-0.96) <0.001 0.92 (0.85-0.99) 0.025 0.89 (0.84-0.95) 0.001
Highest 0.74 (0.70-0.77) <0.001 0.74 (0.69-0.79)  <0.001  0.72 (0.68-0.77)  <0.001

results, namely that poor cognitive performance is
an independent risk factor for mortality, were also shown
in participants aged 48-92 years in Europe [25].
Mutambudzi et al. [26] observed an association between
both low-declining and high-declining trajectories of
physical performance and increased risk of mortality in
Mexican Americans aged 75-109 years. Similarly, our
study indicated that disability in daily-living activities
contributed to mortality both in men and women among
the oldest-old.

All-cause mortality

2.97

4.00

3.00

HR (95% CI)

2.00

1.00

0.00

High risk Median risk

Our study suggested that adherence to a healthy lifestyle
may reduce the risk of morbidity and mortality by
counteracting the harmful effect of independent risk
factors on risk of mortality among the oldest-old. Zhang
et al. [27] reported that the oldest-old with more negative
self-perception of aging tended to engage in more healthy
lifestyles (e.g., eating fresh vegetables and fruits,
exercising regularly, and not smoking), which could lead
to a decreased risk of mortality. Adherence to a healthy
lifestyle, as a potential modifier, can compensate for the

Low
protecting
Median
protecting
High

protecting

Low risk

Figure 2. The joint effect of risk factors and healthy lifestyle scores on risk of mortality.
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harmful effect of death risk factors. With respect to
previous studies done in this field, it is worth noting that
an active and socially integrated lifestyle (mental, social,
and physical leisure activities, and having a rich social
network) may significantly counteract the detrimental
effect of diabetes on dementia risk in older people [28].

A

- -

0.75
1

Probability of survival (%)
0.50
|

Loes et al. [29] evaluated the associations of a polygenic
risk score and healthy lifestyle with incident stroke using
the UK biobank dataset, and found that genetic and
lifestyle factors were independently associated with risk
of incident stroke, highlighting the potential of lifestyle
interventions to reduce risk of stroke across entire

— Low risk and high protecting group
—— Low risk and low protecting group
——— High risk and high protecting group

High risk and low protecting group
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N 4
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o -
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4. P fortrend < 0.001
P <0.0001 P=10.0003
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=
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< i 1919 I
C
X
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High protecting &
low risk

Low protecting &
low risk

High protecting &
high risk

Low protecting &
high risk

Figure 3. Adherence to healthy lifestyle can counteract the harmful effect of risk factors on mortality and prolong survival in
oldest-old. (A) The Kaplan-Meier survival curves of combined risk and protecting factors; (B) The HRs of combined risk and protecting

factors for mortality.
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populations, even in those at high genetic risk.
Similarly, genetic composition and combined health
behaviors and factors had a log-additive effect on the
risk of developing cardiovascular disease; consequently,
behavioral lifestyle changes should be encouraged for
all through comprehensive, multifactorial approaches
[30]. Despite the benefits that could result from the
entire population adhering to healthy lifestyle practices,
to our knowledge, this is the first study to determine the
offsetting effect of a healthy lifestyle on the association
between independent risk factors and increased risk of
mortality in adults aged over 80 years.

Strengths and limitations

Our study has several strengths. It is a longitudinal study
based on a very old population of China, and participants
were recruited from a large general population, which
allows for some level of generalization of our results.
Furthermore, we tried to include multiple types of
potential influence factors to counterbalance each other,
allowing to examine the effect of independent risk factors
and the benefits of healthy lifestyle practices on mortality
more precisely. Despite the strengths of the study, there
are several limitations. Firstly, although we identified
many independent risk factors of all-cause mortality in
the oldest-old in terms of demographic characteristics,
health conditions, cardiovascular factors, and lifestyle,
many other factors are not fully taken into consideration
in this study. Secondly, people who survive to age 80
could already represent a group of mostly healthy
individuals; indeed, the number of participants with
comorbidity > 2 was only 3.6% of our cohort. Therefore,
we calculated a composite comorbidity score for self-
reported major disease of the oldest-old. Thirdly, due to
limited information, we did not include quantified
alcohol intake or exercise intensity; rather, we divided
participants into three groups in terms of drinking current
drinkers, former drinkers, and never drinkers, depending
on the time of alcohol consumption through their
lifetime.

CONCLUSIONS

In summary, in this nationwide, community based
prospective study among the Chinese oldest-old, risk and
protective factors in relation to mortality were identified.
We found that the harmful effect of risk factors on
mortality could be counteracted by adherence to a healthy
lifestyle in the oldest-old. Our findings further confirm
the efficacy of an integrated approach to healthy
longevity, which considers various lifestyle practices in
conjunction (as opposed to in isolation) among the
oldest-old. Our results emphasize the value of promoting
healthy living as a preventive strategy, and to improve
the management of healthy lifestyles. From a public

health perspective, future studies with life course data
could help clarify how environmental factors and
behaviors interact with genetic and epigenetic factors to
influence death risk.

MATERIALS AND METHODS
Study population

This study draws on data from the oldest-old participants
(aged over 80 years) from the 2005 and 2014 waves of
the Chinese Longitudinal Healthy Longevity Surveys
(CLHLS). The CLHLS is a nationwide survey done in a
randomly-selected half of the counties and cities in 22 of
the 31 provinces in China. A multistage cluster sampling
approach was used in this prospective, longitudinal,
community-based study. The CLHLS attempted to
interview all centenarians who voluntarily agreed to
participate in the study in the sampled counties and cities.
Details of the sampling procedure and descriptions of
CLHLS are available elsewhere [7, 15, 22]. All
participants were interviewed about demographic
characteristics, medical history, lifestyle, and health
behaviors, and physical examinations with a standardized
questionnaire and relevant instruments after obtaining
informed consent from them. For the current study, we
used data over a 10-year period with four assessments.
The participants were initially recruited in 2005
(N=15,638), 2008 (N=9,479) and 2011 (N=1,360), and
followed up until 2014. Excluding individuals under 80
or above 105 years of age (N=7,630), inaccurate date of
death (N=140), and missing data (N=1,047), a total of
17,660 participants (aged 80-105 years) were eligible for
the study.

Data collection

Data on demographic characteristics (age, gender,
residence, marital status, education level, economic
situation), health conditions (cognitive function, physical
disability, comorbidity), cardiovascular factors (systolic
BP diastolic BP, heart rate), and lifestyle (smoking,
drinking, diet, physical exercise, BMI) were collected
through structural interviews and physical measurement.
Given the high illiteracy rate, auditory and visual
impairments, and other inconveniences (especially
among centenarians), some of the oldest-old agreed to
participate in the study through proxy assistance by a
close family member. No proxy was used for objective
questions such as assessment of cognitive function and
physical disability.

Cognitive function was assessed by the Mini-Mental
State Examination (MMSE) [31], which has been widely
applied in epidemiological studies. We classified
participants in different cognitive function categories
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depending on their MMSE scores (which ranged from 0
to 30 points), as follows: no cognitive impairment (25-
30), mild cognitive impairment (18-24), moderate
cognitive impairment (10-17), and severe cognitive
impairment (0-9) [32]. Physical disability was identified
by Activities of Daily Living (ADL), which was
measured by the participant’s self-reported results in six
self-care tasks consisting of bathing, dressing, eating,
indoor transferring, toileting, and continence based on the
Katz index scale [33]. Physical disability was defined as
a need for assistance or a difficulty in one or more of the
six activities listed above [34]. Furthermore, a healthy
diet was determined by the consumption of fruit,
vegetables, and fish and abstinence from meats. We
defined a healthy diet as adherence to at least two of the
healthy food items listed above [29]. According to the
self-reported chronic disease status of participants, we
computed a comorbidity score taking into account
instances of diabetes, heart disease, stroke, asthma, and
cancer (categorized as >1 and =0), diagnose by a
specialist doctor.

Identification of death

Mortality status was ascertained during the follow-up
survey in 2014, assessing whether subjects died and the
date of death, completed the study, or were lost to
follow-up. Information about death was ascertained and
affirmed by a close family member or village doctor.

Statistical analyses

We summarized the participants’ baseline characteristics
using descriptive statistics, reporting the mean and
standard deviation (SD) of normal distribution or median
and interquartile ranges of non-normal distribution for
continuous variables, and proportions for categorical
variables. We compared the baseline characteristics by
all-cause mortality using chi-square test for categorical
or student ¢ test for continuous variables.

We calculated the follow-up time from the date of
enrollment to the date of death, or loss to follow-up, or the
end of the follow-up period, whichever came first. A “lost
to follow-up” status was designated to those who could not
be found and contacted. Participants who survived or were
lost to follow-up were censored in 2014. The Cox
proportional hazards regression model was used to
calculate the hazard ratios (HRs) and 95% confidence
intervals (Cls) of mortality in relation to risk factors and
healthy lifestyle. Schoenfeld residuals were used to assess
whether proportionality assumptions were satisfied, the
results of which suggested that the assumptions were not
violated. Age, gender, residence, ethnicity, education level,
economic situation, marital status, systolic BP, diastolic
BP, heart rate, physical disability, cognitive function,

comorbidity, smoking status, drinking, exercising, diet,
and BMI were adjusted for each other. We also did
sensitivity analyses for which the oldest-old with impaired
cognitive function, disability, and comorbidity were
excluded to avoid the adverse causality of worsening
health conditions on mortality.

According to the effects of each factor on all-cause
mortality, we classified gender, ethnicity, residence, poor
economic situation, unmarried status, physical disability,
cognitive function, and comorbidity as independent risk
factors for mortality, while never smoking, never
drinking, physical exercise, ideal diet, and normal weight
were classified as healthy lifestyle practices that
decreased the risk of mortality. Then we created two
composite scores to investigate the joint effect of
independent risk factors and healthy lifestyle practices on
mortality. The composite score was calculated in three
steps [35, 36], as follows: 1) run a multivariable Cox
regression model that includes all potential risk factors
and healthy lifestyle practices to estimate the effect of
each factor independent of potential confounders;
2) calculate the individual risk point for each response
category of each variable by dividing the respective
regression coefficient (B coefficient) with a single
constant, which represents the regression coefficient for a
one year increase in age in relation to risk of mortality;
3) round the risk points to the nearest integers and
calculate the composite score by summing them up
(Supplementary Table 5). Furthermore, independent risk
factors and healthy lifestyle scores were treated as both
continuous variables and categorical variables (tertiles) in
the Cox regression model to test the dose-response
relationship of risk/lifestyle factors with mortality. We
also tested the statistical interactions between risk factors
and healthy lifestyle scores in relation to mortality in the
Cox model.

To further investigate whether and to what extent
healthy lifestyle practices can counteract the harmful
effect of the independent risk factors on mortality [28],
we created a variable with four categories, which
combines the tertiles of risk factor score (high level: top
tertile vs low level: middle/bottom tertiles) with the
tertiles of the healthy lifestyle score (high level:
middle/top tertiles vs low level: bottom tertiles). This
combined variable divided participants into four groups
according to their risk and healthy lifestyle profiles: 1)
low risk & high protection scores; 2) low risk & low
protection scores; 3) high risk & high protection scores;
(4) high risk & low protection scores. To quantify the
contribution of joint risk factors and healthy lifestyle to
mortality, we calculated the population attributable
fraction (PAF), which is the estimated proportional
reduction in mortality that would occur if risk factors
and unhealthy lifestyle practices were prevented. We
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used STATA 15.0 for all statistical analyses. All
statistical tests were two sided, and we considered
P<0.05 to determine statistical significance.

Abbreviations

ADL: Activities of Daily Living; BMI: body mass index;
BP: blood pressure; CI: confidence interval; HR: hazard
ratio, MMSE: Mini-Mental State Examination; PAF:
population attributable fraction; SD: standard deviation.

ACKNOWLEDGMENTS

We thank Peking University, the National Natural Science
Foundation of China, and we also acknowledge all the
participants in the survey design and data collection as
well as the CLHLS research team for collecting high-
quality, nationally representative data and for making the
data public.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of
interests.

FUNDING

This study was supported by the Natural Science
Foundation of China (grant No. 91746205, grants No.
71910107004, and No. 71673199).

REFERENCES

1. Cao B, Bray F, llbawi A, Soerjomataram |. Effect on
longevity of one-third reduction in premature
mortality from non-communicable diseases by 2030:
a global analysis of the Sustainable Development Goal
health target. Lancet Glob Health. 2018; 6:€1288-96.
https://doi.org/10.1016/52214-109X(18)30411-X
PMID:30420032

2. Barbi E, Lagona F, Marsili M, Vaupel JW, Wachter KW.
The plateau of human mortality: demography of
longevity pioneers. Science. 2018; 360:1459—-61.
https://doi.org/10.1126/science.aat3119
PMID:29954979

3. Medford A, Christensen K, Skytthe A, Vaupel JW. A
Cohort Comparison of Lifespan After Age 100 in
Denmark and Sweden: Are Only the Oldest Getting
Older? Demography. 2019; 56:665-77.
https://doi.org/10.1007/s13524-018-0755-7
PMID:30659510

4. Nadolnik K, Skrypnik D, Skrypnik K, Bogdanski P.
Diabetic nephropathy in the elderly — clinical practice.
Rocz Panstw Zakl Hig. 2018; 69:327-34.

10.

11.

12.

13.

https://doi.org/10.32394/rpzh.2018.0037
PMID:30525322

Liu Z, Han L, Feng Q, Dupre ME, Gu D, Allore HG, Gill
TM, Payne CF. Are China’s oldest-old living longer
with less disability? A longitudinal modeling analysis
of birth cohorts born 10 years apart. BMC Med. 2019;
17:23.

https://doi.org/10.1186/s12916-019-1259-z
PMID:30704529

United Nations, Department of Economic and Social
Affairs, Population Division. World Population
Prospects 2017.

Zeng Y, Feng Q, Hesketh T, Christensen K, Vaupel JW.
Survival, disabilities in activities of daily living, and
physical and cognitive functioning among the oldest-old
in China: a cohort study. Lancet. 2017; 389:1619-29.
https://doi.org/10.1016/50140-6736(17)30548-2
PMID:28285816

Takata Y, Ansai T, Soh |, Awano S, Nakamichi |, Akifusa
S, Goto K, Yoshida A, Fujii H, Fujisawa R, Sonoki K.
Cognitive function and 10 year mortality in an 85
year-old community-dwelling population. Clin Interv
Aging. 2014; 9:1691-99.
https://doi.org/10.2147/CIA.S64107 PMID:25336934

Scott WK, Macera CA, Cornman CB, Sharpe PA.
Functional health status as a predictor of mortality in
men and women over 65. J Clin Epidemiol. 1997;
50:291-96.
https://doi.org/10.1016/50895-4356(96)00365-4
PMID:9120528

Klotz J, Gollner T, Gumprecht N. [Socioeconomic
determinants of mortality for very old men in
Austria]. Z Gerontol Geriatr. 2019; 52:130-38.
https://doi.org/10.1007/s00391-019-01523-5
PMID:30847545

Vaes B, Depoortere D, Van Pottelbergh G, Mathei C,
Neto J, Degryse J. Association between traditional
cardiovascular risk factors and mortality in the oldest
old: untangling the role of frailty. BMC Geriatr. 2017;
17:234.

https://doi.org/10.1186/s12877-017-0626-x
PMID:29025410

Tey NP, Lai SL, Teh JK. The debilitating effects of
chronic diseases among the oldest old in China.
Maturitas. 2016; 94:39-45.
https://doi.org/10.1016/j.maturitas.2016.08.016
PMID:27823743

Szulinska M, Skrypnik D, Ratajczak M, Karolkiewicz J,
Madry E, Musialik K, Walkowiak J, Jakubowski H,
Bogdanski P. Effects of Endurance and Endurance-
strength Exercise on Renal Function in Abdominally
Obese Women with Renal Hyperfiltration: A

www.aging-us.com 7614

AGING


https://doi.org/10.1016/S2214-109X%2818%2930411-X
https://doi.org/10.1016/S2214-109X%2818%2930411-X
https://www.ncbi.nlm.nih.gov/pubmed/30420032
https://www.ncbi.nlm.nih.gov/pubmed/30420032
https://doi.org/10.1126/science.aat3119
https://doi.org/10.1126/science.aat3119
https://www.ncbi.nlm.nih.gov/pubmed/29954979
https://www.ncbi.nlm.nih.gov/pubmed/29954979
https://doi.org/10.1007/s13524-018-0755-7
https://doi.org/10.1007/s13524-018-0755-7
https://www.ncbi.nlm.nih.gov/pubmed/30659510
https://www.ncbi.nlm.nih.gov/pubmed/30659510
https://doi.org/10.32394/rpzh.2018.0037
https://doi.org/10.32394/rpzh.2018.0037
https://doi.org/10.32394/rpzh.2018.0037
https://www.ncbi.nlm.nih.gov/pubmed/30525322
https://www.ncbi.nlm.nih.gov/pubmed/30525322
https://doi.org/10.1186/s12916-019-1259-z
https://doi.org/10.1186/s12916-019-1259-z
https://www.ncbi.nlm.nih.gov/pubmed/30704529
https://www.ncbi.nlm.nih.gov/pubmed/30704529
https://doi.org/10.1016/S0140-6736%2817%2930548-2
https://doi.org/10.1016/S0140-6736%2817%2930548-2
https://www.ncbi.nlm.nih.gov/pubmed/28285816
https://www.ncbi.nlm.nih.gov/pubmed/28285816
https://doi.org/10.2147/CIA.S64107
https://doi.org/10.2147/CIA.S64107
https://www.ncbi.nlm.nih.gov/pubmed/25336934
https://www.ncbi.nlm.nih.gov/pubmed/25336934
https://doi.org/10.1016/S0895-4356%2896%2900365-4
https://doi.org/10.1016/S0895-4356%2896%2900365-4
https://www.ncbi.nlm.nih.gov/pubmed/9120528
https://www.ncbi.nlm.nih.gov/pubmed/9120528
https://doi.org/10.1007/s00391-019-01523-5
https://doi.org/10.1007/s00391-019-01523-5
https://www.ncbi.nlm.nih.gov/pubmed/30847545
https://www.ncbi.nlm.nih.gov/pubmed/30847545
https://doi.org/10.1186/s12877-017-0626-x
https://doi.org/10.1186/s12877-017-0626-x
https://www.ncbi.nlm.nih.gov/pubmed/29025410
https://www.ncbi.nlm.nih.gov/pubmed/29025410
https://doi.org/10.1016/j.maturitas.2016.08.016
https://doi.org/10.1016/j.maturitas.2016.08.016
https://www.ncbi.nlm.nih.gov/pubmed/27823743
https://www.ncbi.nlm.nih.gov/pubmed/27823743

14.

15.

16.

17.

18.

19.

20.

Prospective Randomized Trial. Biomed Environ Sci.
2016; 29:706-12.
https://doi.org/10.1016/].biopha.2016.02.017
PMID:27927270

Shi Z, Zhang T, Byles J, Martin S, Avery JC, Taylor AW.
Food Habits, Lifestyle Factors and Mortality among
Oldest Old Chinese: The Chinese Longitudinal Healthy
Longevity Survey (CLHLS). Nutrients. 2015; 7:7562—79.
https://doi.org/10.3390/nu7095353 PMID:26371039

Lv YB, Liu S, Yin ZX, Gao X, Kraus VB, Mao C, Yuan JQ,
Zhang J, Luo JS, Chen HS, Zeng Y, Shi XM. Associations
of Body Mass Index and Waist Circumference with 3-
Year All-Cause Mortality Among the Oldest Old:
Evidence from a Chinese Community-Based
Prospective Cohort Study. J Am Med Dir Assoc. 2018;
19:672-678.e4.
https://doi.org/10.1016/j.jamda.2018.03.015
PMID:29807748

Gao M, Sa Z, Li Y, Zhang W, Tian D, Zhang S, Gu L.
Does social participation reduce the risk of functional
disability among older adults in China? A survival
analysis using the 2005-2011 waves of the CLHLS
data. BMC Geriatr. 2018; 18:224.
https://doi.org/10.1186/s12877-018-0903-3
PMID:30241507

Jani BD, Hanlon P, Nicholl Bl, McQueenie R, Gallacher
KI, Lee D, Mair FS. Relationship between
multimorbidity, demographic factors and mortality:
findings from the UK Biobank cohort. BMC Med.
2019; 17:74.
https://doi.org/10.1186/s12916-019-1305-x
PMID:30967141

Post Hospers G, Smulders YM, Maier AB, Deeg DJ,
Muller M. Relation between blood pressure and
mortality risk in an older population: role of
chronological and biological age. J Intern Med. 2015;
277:488-97.

https://doi.org/10.1111/joim.12284 PMID:25041041

Kagiyama S, Fukuhara M, Ansai T, Matsumura K, Soh
|, Takata Y, Sonoki K, Awano S, Takehara T, lida M.
Association between blood pressure and mortality in
80-year-old subjects from a population-based
prospective study in Japan. Hypertens Res. 2008;
31:265-70.

https://doi.org/10.1291/hypres.31.265
PMID:18360046

Weiss JW, Peters D, Yang X, Petrik A, Smith DH,
Johnson ES, Thorp ML, Morris C, O’'Hare AM. Systolic
BP and Mortality in Older Adults with CKD. Clin J Am
Soc Nephrol. 2015; 10:1553-59.
https://doi.org/10.2215/CJN.11391114
PMID:26276142

21.

22.

23.

24,

25.

26.

27.

28.

Fraser GE, Shavlik DJ. Risk factors for all-cause and
coronary heart disease mortality in the oldest-old.
The Adventist Health Study. Arch Intern Med. 1997;
157:2249-58.
https://doi.org/10.1001/archinte.1997.00440400099
012 PMID:9343002

Lv YB, Gao X, Yin ZX, Chen HS, Luo JS, Brasher MS,
Kraus VB, Li TT, Zeng Y, Shi XM. Revisiting the
association of blood pressure with mortality in oldest
old people in China: community based, longitudinal
prospective study. BMJ. 2018; 361:k2158.
https://doi.org/10.1136/bmj.k2158 PMID:29871897

Clark DO, Gao S, Lane KA, Callahan CM, Baiyewu O,
Ogunniyi A, Hendrie HC. Obesity and 10-year
mortality in very old African Americans and Yoruba-
Nigerians: exploring the obesity paradox. J Gerontol A
Biol Sci Med Sci. 2014; 69:1162-69.
https://doi.org/10.1093/gerona/glu035
PMID:24694355

Lv X, Li W, Ma Y, Chen H, Zeng Y, Yu X, Hofman A,
Wang H. Cognitive decline and mortality among
community-dwelling Chinese older people. BMC Med.
2019; 17:63.
https://doi.org/10.1186/s12916-019-1295-8
PMID:30871536

Hayat SA, Luben R, Dalzell N, Moore S, Hogervorst E,
Matthews FE, Wareham N, Brayne C, Khaw KT.
Understanding the relationship between cognition
and death: a within cohort examination of cognitive
measures and mortality. Eur J Epidemiol. 2018;
33:1049-62.
https://doi.org/10.1007/s10654-018-0439-z
PMID:30203336

Mutambudzi M, Chen NW, Howrey B, Garcia MA,
Markides KS. Physical Performance Trajectories and
Mortality Among Older Mexican Americans. J
Gerontol A Biol Sci Med Sci. 2019; 74:233-39.
https://doi.org/10.1093/gerona/gly013
PMID:29438556

Zhang X, Kamin ST, Liu S, Fung HH, Lang FR. Negative
self-perception of aging and mortality in very old
Chinese adults: the mediation role of healthy lifestyle.
J Gerontol B Psychol Sci Soc Sci. 2018. [Epub ahead of
print].

https://doi.org/10.1093/geronb/gby136
PMID:30445618

Marseglia A, Wang HX, Rizzuto D, Fratiglioni L, Xu W.
Participating in Mental, Social, and Physical Leisure
Activities and Having a Rich Social Network Reduce
the Incidence of Diabetes-Related Dementia in a
Cohort of Swedish Older Adults. Diabetes Care. 2019;
42:232-39.

https://doi.org/10.2337/dc18-1428 PMID:30523030

www.aging-us.com

7615

AGING


https://doi.org/10.1016/j.biopha.2016.02.017
https://doi.org/10.1016/j.biopha.2016.02.017
https://www.ncbi.nlm.nih.gov/pubmed/27927270
https://www.ncbi.nlm.nih.gov/pubmed/27927270
https://doi.org/10.3390/nu7095353
https://doi.org/10.3390/nu7095353
https://www.ncbi.nlm.nih.gov/pubmed/26371039
https://www.ncbi.nlm.nih.gov/pubmed/26371039
https://doi.org/10.1016/j.jamda.2018.03.015
https://doi.org/10.1016/j.jamda.2018.03.015
https://www.ncbi.nlm.nih.gov/pubmed/29807748
https://www.ncbi.nlm.nih.gov/pubmed/29807748
https://doi.org/10.1186/s12877-018-0903-3
https://doi.org/10.1186/s12877-018-0903-3
https://www.ncbi.nlm.nih.gov/pubmed/30241507
https://www.ncbi.nlm.nih.gov/pubmed/30241507
https://doi.org/10.1186/s12916-019-1305-x
https://doi.org/10.1186/s12916-019-1305-x
https://www.ncbi.nlm.nih.gov/pubmed/30967141
https://www.ncbi.nlm.nih.gov/pubmed/30967141
https://doi.org/10.1111/joim.12284
https://doi.org/10.1111/joim.12284
https://www.ncbi.nlm.nih.gov/pubmed/25041041
https://www.ncbi.nlm.nih.gov/pubmed/25041041
https://doi.org/10.1291/hypres.31.265
https://doi.org/10.1291/hypres.31.265
https://www.ncbi.nlm.nih.gov/pubmed/18360046
https://www.ncbi.nlm.nih.gov/pubmed/18360046
https://doi.org/10.2215/CJN.11391114
https://doi.org/10.2215/CJN.11391114
https://www.ncbi.nlm.nih.gov/pubmed/26276142
https://www.ncbi.nlm.nih.gov/pubmed/26276142
https://doi.org/10.1001/archinte.1997.00440400099012
https://doi.org/10.1001/archinte.1997.00440400099012
https://doi.org/10.1001/archinte.1997.00440400099012
https://doi.org/10.1001/archinte.1997.00440400099012
https://www.ncbi.nlm.nih.gov/pubmed/9343002
https://www.ncbi.nlm.nih.gov/pubmed/9343002
https://doi.org/10.1136/bmj.k2158
https://doi.org/10.1136/bmj.k2158
https://www.ncbi.nlm.nih.gov/pubmed/29871897
https://www.ncbi.nlm.nih.gov/pubmed/29871897
https://doi.org/10.1093/gerona/glu035
https://doi.org/10.1093/gerona/glu035
https://www.ncbi.nlm.nih.gov/pubmed/24694355
https://www.ncbi.nlm.nih.gov/pubmed/24694355
https://doi.org/10.1186/s12916-019-1295-8
https://doi.org/10.1186/s12916-019-1295-8
https://www.ncbi.nlm.nih.gov/pubmed/30871536
https://www.ncbi.nlm.nih.gov/pubmed/30871536
https://doi.org/10.1007/s10654-018-0439-z
https://doi.org/10.1007/s10654-018-0439-z
https://www.ncbi.nlm.nih.gov/pubmed/30203336
https://www.ncbi.nlm.nih.gov/pubmed/30203336
https://doi.org/10.1093/gerona/gly013
https://doi.org/10.1093/gerona/gly013
https://www.ncbi.nlm.nih.gov/pubmed/29438556
https://www.ncbi.nlm.nih.gov/pubmed/29438556
https://doi.org/10.1093/geronb/gby136
https://doi.org/10.1093/geronb/gby136
https://www.ncbi.nlm.nih.gov/pubmed/30445618
https://www.ncbi.nlm.nih.gov/pubmed/30445618
https://doi.org/10.2337/dc18-1428
https://doi.org/10.2337/dc18-1428
https://www.ncbi.nlm.nih.gov/pubmed/30523030
https://www.ncbi.nlm.nih.gov/pubmed/30523030

29.

30.

31.

32.

Rutten-Jacobs LC, Larsson SC, Malik R, Rannikmae K,
Sudlow CL, Dichgans M, Markus HS, Traylor M, and
MEGASTROKE consortium, and International Stroke
Genetics Consortium. Genetic risk, incident stroke,
and the benefits of adhering to a healthy lifestyle:
cohort study of 306473 UK Biobank participants.
BMJ. 2018; 363:k4168.
https://doi.org/10.1136/bmj.k4168

PMID:30355576

Said MA, Verweij N, van der Harst P. Associations of
Combined Genetic and Lifestyle Risks With Incident
Cardiovascular Disease and Diabetes in the UK
Biobank Study. JAMA Cardiol. 2018; 3:693—-702.
https://doi.org/10.1001/jamacardio.2018.1717
PMID:29955826

Katzman R, Zhang MY, Ouang-Ya-Qu, Wang ZY, Liu
WT, Yu E, Wong SC, Salmon DP, Grant I. A Chinese
version of the Mini-Mental State Examination; impact
of illiteracy in a Shanghai dementia survey. J Clin
Epidemiol. 1988; 41:971-78.
https://doi.org/10.1016/0895-4356(88)90034-0
PMID:3193141

Mungas D. In-office mental status testing: a practical
guide. Geriatrics. 1991; 46:54-58, 63, 66.
PMID:2060803

33.

34.

35.

36.

Katz S, Ford AB, Moskowitz RW, Jackson BA, Jaffe
MW. Studies of illness in the aged: the index of ADL, a
standardized measure of biological and psychosocial
function. JAMA. 1963; 185:914-19.
https://doi.org/10.1001/jama.1963.03060120024016
PMID:14044222

Angleman SB, Santoni G, Von Strauss E, Fratiglioni L.
Temporal trends of functional dependence and
survival among older adults from 1991 to 2010 in
Sweden: toward a healthier aging. J Gerontol A Biol
Sci Med Sci. 2015; 70:746-52.
https://doi.org/10.1093/gerona/glu206
PMID:25394618

Sullivan LM, Massaro JM, D’Agostino RB Sr.
Presentation of multivariate data for clinical use: the
Framingham Study risk score functions. Stat Med.
2004; 23:1631-60.

https://doi.org/10.1002/sim.1742

PMID:15122742

Tu H, Wen CP, Tsai SP, Chow WH, Wen C, Ye Y, Zhao
H, Tsai MK, Huang M, Dinney CP, Tsao CK, Wu X.
Cancer risk associated with chronic diseases and
disease markers: prospective cohort study. BMJ.
2018; 360:k134.

https://doi.org/10.1136/bmj.k134

PMID:29386192

www.aging-us.com

7616

AGING


https://doi.org/10.1136/bmj.k4168
https://doi.org/10.1136/bmj.k4168
https://www.ncbi.nlm.nih.gov/pubmed/30355576
https://www.ncbi.nlm.nih.gov/pubmed/30355576
https://doi.org/10.1001/jamacardio.2018.1717
https://doi.org/10.1001/jamacardio.2018.1717
https://www.ncbi.nlm.nih.gov/pubmed/29955826
https://www.ncbi.nlm.nih.gov/pubmed/29955826
https://doi.org/10.1016/0895-4356%2888%2990034-0
https://doi.org/10.1016/0895-4356%2888%2990034-0
https://www.ncbi.nlm.nih.gov/pubmed/3193141
https://www.ncbi.nlm.nih.gov/pubmed/3193141
https://www.ncbi.nlm.nih.gov/pubmed/2060803
https://www.ncbi.nlm.nih.gov/pubmed/2060803
https://doi.org/10.1001/jama.1963.03060120024016
https://doi.org/10.1001/jama.1963.03060120024016
https://www.ncbi.nlm.nih.gov/pubmed/14044222
https://www.ncbi.nlm.nih.gov/pubmed/14044222
https://doi.org/10.1093/gerona/glu206
https://doi.org/10.1093/gerona/glu206
https://www.ncbi.nlm.nih.gov/pubmed/25394618
https://www.ncbi.nlm.nih.gov/pubmed/25394618
https://doi.org/10.1002/sim.1742
https://doi.org/10.1002/sim.1742
https://www.ncbi.nlm.nih.gov/pubmed/15122742
https://www.ncbi.nlm.nih.gov/pubmed/15122742
https://doi.org/10.1136/bmj.k134
https://doi.org/10.1136/bmj.k134
https://www.ncbi.nlm.nih.gov/pubmed/29386192
https://www.ncbi.nlm.nih.gov/pubmed/29386192

SUPPLEMENTARY MATERIALS
Supplementary Tables

Supplementary Table 1. The adverse effect of unhealthy lifestyles on risk of mortality among oldest-old.

Lifestyles HR (95% CI) P value
Smoking

Never 1 (Ref))

Former smoking 1.14 (1.08-1.21) <0.001

Current smoking 1.07 (1.01-1.14) 0.027
Drinking

Never 1 (Ref))

Former drinking 1.11 (1.05-1.18) 0.001

Current drinking 1.01 (0.96-1.07) 0.619
Exercising

Current exercising 1 (Ref))

Former exercising 1.04 (0.96-1.12) 0.318

Never exercising 1.09 (1.04-1.14) 0.001
Diet

Nonideal diet 1.05 (1.01-1.09) 0.032
BMI

Normal weight (18.5-24.9 kg/m?) 1 (Ref))

Underweight (<18.5 kg/m?) 1.14 (1.10-1.19) <0.001

Overweight (> 25 kg/m?) 1.02 (0.93-1.12) 0.640

Model was adjusted for age, gender, residence, ethnic, education level, economic level, marital status, systolic BP, diastolic
BP, heart rate, physical disability, cognitive function, comorbidity.

Supplementary Table 2. The gender difference of association between BP and mortality in oldest-old.

Blood pressure (BP) Male Female P for
HR (95% CI) P value HR (95% CI) P value interaction
Systolic BP (mmHg) 0.331
<110 vs. 110-139 1.05 (0.92-1.20) 0.473 1.04 (0.95-1.14) 0.426
140-159 vs. 110-139 1.05 (0.97-1.13) 0.206 0.96 (0.91-1.02) 0.225
>160 vs. 110-139 0.97 (0.87-1.07) 0.502 0.95 (0.88-1.03) 0.232
Diastolic BP (mmHg) 0.955
<60 vs. 60-79 1.01 (0.91-1.11) 0.919 0.98 (0.91-1.06) 0.678
>80 vs. 6079 0.98 (0.91-1.05) 0.574 1.01 (0.95-1.08) 0.650

Model was adjusted for age, residence, ethnic, education level, economic level, marital status, heart rate, physical disability,
cognitive function, comorbidity, smoking, diet, drinking, physical exercising, BMI, as well as systolic BP or diastolic BP.
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Supplementary Table 3. The association of the risk of mortality in relation to sociodemographic factors,
cardiovascular profile, health status, and lifestyle among normal cognition, physical performance and free of
comorbidity.

Oldest-old without
impaired cognition

Oldest-old without Oldest-old without

Variables physical disability comorbidity

Age 1.045 (1.041-1.049) 1.056 (1.052-1.060) 1.049 (1.046-1.053)

Male vs. Female

Non-Han vs. Han
Not in marriage vs. In marriage
Literate vs. illiterate

Rural vs. Urban

Economic level
Middle vs. Low
High vs. Low

1.21 (1.14-1.28)
1.16 (1.06-1.27)
1.11 (1.03-1.19)
0.97 (0.91-1.03)
1.13 (1.08-1.19)

1.26 (1.15-1.37)
1.35 (1.25-1.47)

1.35 (1.27-1.43)
1.08 (0.99-1.17)
1.25 (1.17-1.34)
1.06 (0.99-1.12)
1.13 (1.07-1.19)

1.09 (0.99-1.20)
1.15 (1.05-1.25)

1.25 (1.18-1.33)
1.17 (1.08-1.27)
1.19 (1.11-1.27)
1.02 (0.96-1.08)
1.13 (1.08-1.19)

1.18 (1.08-1.29)
1.23 (1.14-1.33)

Systolic BP (mmHg)

<110 vs. 110-139

140-159 vs. 110-139

>160 vs. 110-139

Diastolic BP (mmHg)

<60 vs. 60-79

>80 vs. 60-79
Heart rate

<60 vs. 60-79

>80 vs. 60-79

Physical disability
Cognitive function

Mild vs. normal

Moderate vs. normal
Severe vs. normal

Comorbidity
Never smoking
Never drinking
Exercising
Ideal diet
Normal weight

1.08 (1.00-1.18)
0.99 (0.94-1.05)
0.99 (0.92-1.07)

0.99 (0.93-1.06)
0.97 (0.93-1.03)

1.03 (0.92-1.15)
1.03 (0.98-1.09)
1.42 (1.35-1.49)

1.09 (1.03-1.15)
0.93 (0.88-0.98)
0.95 (0.90-0.99)
0.92 (0.88-0.96)
0.95 (0.91-0.99)
0.87 (0.83-0.91)

1.07 (0.98-1.18)
0.99 (0.93-1.05)
0.92 (0.85-1.00)

0.98 (0.91-1.05)
1.00 (0.95-1.06)

1.04 (0.92-1.18)
1.01 (0.96-1.07)

1.19 (1.13-1.27)
1.32 (1.23-1.42)
1.54 (1.43-1.67)
1.16 (1.09-1.23)
0.89 (0.84-0.94)
0.96 (0.90-1.00)
0.92 (0.87-0.96)
0.98 (0.93-1.04)
0.89 (0.85-0.93)

1.03 (0.94-1.12)
0.99 (0.94-1.04)
0.95 (0.89-1.02)

1.00 (0.94-1.07)
1.00 (0.95-1.06)

1.01 (0.90-1.13)
1.01 (0.96-1.07)
1.34 (1.27-1.41)

1.20 (1.13-1.27)
1.31 (1.22-1.40)
1.53 (1.43-1.64)
0.91 (0.86-0.96)
0.95 (0.90-0.99)
0.95(0.91-0.99)
0.94 (0.90-0.98)
0.90 (0.96-0.94)

Supplementary Table 4. The joint effect of independent risk factors and healthy lifestyle scores on risk of mortality.

Score profile High protecting Median protecting Low protecting
Low risk 1 (Ref)) 1.30 (1.19-1.42) 1.36 (1.23-1.51)
Median risk 1.53 (1.42-1.65) 1.76 (1.61-1.91) 1.83 (1.69-2.01)
High risk 2.56 (2.38-2.75) 2.82 (2.62-3.03) 2.97 (2.76-3.20)
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Supplementary Table 5. Development of composite risk and protecting score and hypothetical examples.

Beta Constant Beta Risk points Integer
Factors status coefficient in  coefficient for one-year before rounding risk
Cox model® (Bi) increase in age (Bo) (Bi/Bo) points
Hypothetical individual 1
Gender Female 0 0.044 0 0
Residence Rural 0.131 0.044 2.977 3
Physical performance Normal 0 0.044 0 0
Cognitive function MMSE = 23 0.293 0.044 6.649 7
Smoking status Never smoking —0.105 0.044 —2.394 -2
BMI 16.8 kg/m? 0 0.044 0 0
Hypothetical individual 2
Gender Male 0.231 0.044 5.251 5
Residence Urban 0 0.044 0 0
Physical performance Disability 0.293 0.044 6.649 7
Cognitive function MMSE = 28 0 0.044 0 0
Smoking status Current 0 0.044 0 0
smoking
BMI 22.5 kg/m? —0.128 0.044 —2.904 -3

2Model including age, gender, residence, ethnic, education level, economic situation, marital status, systolic BP, diastolic BP,
heart rate, physical disability, cognitive function, comorbidity, smoking status, drinking, exercising, diet and BMI.
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