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Abstract

Background: There is little evidence of the influence of dietary patterns on mortality risk among adults 80 years or
older (“oldest-old"). We evaluated the association between the Simplified Healthy Eating index (SHE-index) and mor-
tality among Chinese oldest-old.

Methods: Population-based cohort study from the Chinese Longitudinal Healthy Longevity Survey (CLHLS 1998-
2014, n=35 927), conducted in 22 Chinese provinces, were pooled for analysis. The first seven waves of the CLHLS
(1998, 2000, 2002, 2005, 2008-09, 2011-12, and 2013-2014) were utilized, with follow-up to the last wave (2018)
(range 0-21 years). The SHE-index was collected in each wave, and was constructed from intake frequency of nine
dietary variables, with a higher score indicating better diet quality. Cox proportional hazards model with dietary pat-
terns as a time-varying exposure was employed to analyze the relationship between SHE-index and mortality.

Results: At baseline, the median age of all participants was 92 years (25th percentile, 85 years; 75th percentile,
100 years). In multivariable models, the hazard ratios (95% confidence intervals) for SHE-index quartile 2, quartile 3
and quartile 4 versus quartile1 were 0.91 (0.88, 0.93), 0.89 (0.86, 0.92) and 0.82 (0.78, 0.85), respectively. Results were
generally consistent for men and women and in a large number of sensitivity analyses.

Conclusions: Healthier eating patterns were associated with a significant reduction in the risk of all-cause mortality
among Chinese oldest-old, lending support to the importance of life-long adherence to healthy diet into advanced
old age.
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Key Messages evaluated the relationship between dietary patterns
and all-cause mortality among 35 927 Chinese adults

« Dietary pattern is a holistic approach to better reflect aged 80 years or older by time-varying Cox propor-

the complexity of human diet and our eating behav-
iours.

Equipped with seven waves of the China Longitudi-
nal Health Longevity Study from 1998 to 2014, we

tional hazards regression models.

We provide potent evidence that even among adults
aged 80 years or older, adherence to a healthy dietary
pattern is associated with a significant and substan-

tial reduction in overall mortality.

*Lijing L. Yan and Chaoyun Li contributed equally to this work.

*Correspondence: lijing.yan@duke.edu

! Global Heath Research Center, Duke Kunshan University, No. 8 Duke Avenue,
Kunshan, Jiangsu Province 215316, China
Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12966-022-01280-6&domain=pdf

Yan et al. Int J Behav Nutr Phys Act (2022) 19:60

Background

Adults who are 80 years or older (the “oldest-old”) con-
stitute the fastest growing segment of populations
worldwide. In China, the number of the oldest-old was
approximately 19.3 million in 2010, which is estimated
to climb to approximately 107 to 150 million in 2050 [1].
The average annual increase rate is more than twice that
in the US and other developed countries [2]. Healthy diet
is an important determinant of longevity and healthy age-
ing [3]. As the number of the oldest-old increases, identi-
fication of their eating habits and promotion of healthy
diet among this age group will become even more impor-
tant in the coming years.

For decades, the relationship between specific nutri-
ents or single foods and disease risk or mortality has
been the topic of numerous studies. A cohort study on
nutrition, lifestyle and mortality in China reported that
fruit and vegetable consumption were inversely, while
intake of salt-preserved vegetables positively, associated
with mortality risk among the oldest-old [4]. However,
such an approach often fails to address the high degree
of correlation among dietary components. Moreover,
foods and nutrients interact or act in synergy when
influencing metabolic processes [5]. Over the last three
decades, scientific attention has shifted from the role of
single nutrient or food to the role of dietary patterns,
which is a holistic approach to better reflect the com-
plexity of human diet and our eating behaviours [6]. The
emphasis on healthy eating patterns is also a prominent
new feature of the 2015-2020 Dietary Guidelines for
Americans [7].

One of the most thoroughly examined dietary patterns
is the Mediterranean diet, which is a model of healthy
eating that brings significant nutritional and health ben-
efits [8, 9]. In addition, there are two main approaches to
identify eating patterns: knowledge-based (i.e., a priori)
dietary patterns, such as the Healthy Eating Index [10],
Recommended Food Score [11], and Dietary Approaches
to Stop Hypertension index [12], or empirically-derived
(i.e., a posteriori) dietary patterns (e.g., by using principal
components analysis or k-means clustering) [13]. Many
of these eating patterns have been shown to be associ-
ated with risk of non-communicable chronic diseases and
mortality. The most common food groups and dietary
features in prior research were fruits, vegetables, low-fat,
limited salt and added sugars [4, 14]. More investigation
is needed on the effects of special foods, such as tea, eggs,
and beans [15].

In addition, almost all of these previous studies have
been conducted among middle-aged to older adults
younger than 80 years old and in high-income nations.
The few studies on the oldest old had small samples
(126-1283 people) [16—19] and short follow-up duration
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(1-5 years) [20, 21]. Since eating behaviours are influ-
enced by socioeconomic and cultural factors, there are
differences in dietary patterns between Western and
Asian populations [22]. For example, a traditional Chi-
nese diet emphasizes plant-based foods, and people usu-
ally enjoy green tea throughout the day while the Western
diet emphasizes high protein and energy-dense food [23].
Studies that investigate dietary patterns in China may
provide further cultural and scientific insights into the
relationship between diet and mortality.

Thus, it remains unclear whether the association
observed between dietary patterns and mortality holds
true for the oldest-old in China where dietary traditions
are quite different. Answers to this question are not only
relevant to promoting the health of the oldest-old them-
selves but also have profound scientific, practical, and
policy implications for health education and healthy age-
ing in general.

Based on the Chinese Longitudinal Healthy Longevity
Survey (CLHLS), which is the first, largest, and longest-
running longitudinal survey on the oldest-old ever con-
ducted in a low- and middle-income country [24, 25],
we constructed a Simplified Healthy Eating index (SHE-
index) and investigated the association of adherence to
the SHE-index with mortality from all causes among Chi-
nese oldest-old [26].

Methods

Data source

The CLHLS used a multistage, stratified cluster sampling,
and recruited participants from half of the counties and
cities in 22 of China’s 31 provinces in 1998, 2000, 2002,
2005, 2008-09, 2011-12, 2013-14 and 2018 among the
oldest-old [27]. The survey oversampled centenarians to
include all in the survey areas who agreed to participate.
Vital status of the study participants was ascertained in
the follow-up waves and all surviving participants were
re-interviewed. Loss to follow-up due to lost contact
from each survey year to the next ranged from 8.3% to
20.6%. In each follow-up wave, the deceased respond-
ents were replaced by recruiting new participants with
the same sex and roughly the same age as that of the
deceased respondents. Details of the study design have
been published [27, 28].

Dietary assessment and the simplified healthy eating index
Self-reported information on dietary consumption hab-
its was collected by trained interviewers at each wave of
the CLHLS. The respondents were asked to report their
current food frequency for intake of nine foods: fruits,
vegetables, fish, bean products, tea, garlic, egg, sugar, and
salt-preserved vegetable. Each was reported in one of
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three categories: ‘always or almost every day, ‘sometimes
or occasionally’ or ‘rarely or never’.

Based on previous knowledge on the relationship
between these food groups and health [29-31], for two
out of the 9 variables, sugar and salt-preserved vegetables,
the answer of ‘always or almost every day, ‘sometimes
or occasionally’ or ‘rarely or never’ at each participant’s
first survey received a score of 0, 1, or 2, respectively; for
the other 7 variables, the same three responses received
scores of 2, 1, or 0, respectively. Scores for the 9 variables
were then summed to obtain a scale ranging from 0 to 18
with higher scores indicating higher frequency for fruits,
vegetables, fish, bean products, tea, garlic, and egg, while
higher scores meant lower frequencies for sugar and salt-
preserved vegetables. According to previous studies, we
assumed higher scores indicate healthier dietary patterns
[26]. The SHE-index was further classified into quartiles
(Q1: 0-8; Q2: 9-10; Q3: 11-12; and Q4: 13-18) with
approximately the same number of people in each group.

Data on mortality

Vital status and date of death were collected from offi-
cially issued death certificates whenever available, and
otherwise from the next-of-kin or local residential com-
mittees who were familiar with the decedents [26]. Dura-
tion of follow-up was calculated by the time interval
between the first interview date and date at death. Survi-
vors at the wave after which they were last surveyed were
considered as censored at the time of the survey.

Covariates

Trained interviewers who administered the questionnaire
on diet also collected information on the following eleven
covariates in each wave: age at baseline, sex, ethnicity
(Han vs minority ethnic group), marital status (currently
married and living with spouse, or separated/divorced/
never married/widowed), years of education (0, 1-5, or
> 6), residence (urban vs. rural areas), occupation before
age 60 (manual or non-manual), living arrangement (with
household members, alone, or in an institution), smoking
status (never, former, or current), current physical activ-
ity (yes vs. no), and drinking status (never/former, light,
or heavy). Drinking status was classified according to
the type, frequency, and amount of alcohol consumed by
using an algorithm from Chinese dietary guidelines [32].

Study population

To fully utilize all the data collected, we pooled the sam-
ples from the first seven waves from 1998 to 2014, with
follow-up to the 2018 wave (range of follow-up O to
21 years) (see supplemental Figure S1 and Table S1 for
the numbers of participants enrolled, lost, and died and
sample characteristics for each survey wave). We did not
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use participants first enrolled at the 2018 wave because
there is no follow-up from the 2018 wave yet. From the
37 491 participants aged over 80 years in the pooled
dataset, we excluded 1564 participants who had missing
values in the main exposure variables (diet) or covari-
ates, resulting in a final sample size of 35,927 participants
aged 80 years or older at baseline (8455, 6368, 4699, 6160,
7993, 1414, and 838 participants from each wave). For
those who were lost to follow-up in the study, we utilized
the midpoint imputation and imputed the survival time
by the mid-point of the interview interval [33, 34]. The
range of follow-up was 0 to 21 years (median 2.62 years,
25%, 75M percentiles: 1.39, 5.15 years), resulting in a total
of 136 164 person-years of follow-up. 72% of the partici-
pants (n=25 688) died in the follow-up period.

Statistical analysis

Baseline characteristics were presented as median (con-
tinuous variables) or frequency distribution (categori-
cal variables). Survival curves stratified by time-varying
SHE-index and by sex were examined using the extended
Kaplan—Meier method and compared using the log-rank
test [35]. Multivariable adjusted hazard ratios (HRs) with
95% confidence intervals (CIs) for risk of death were
estimated for each of the nine dietary variables and by
quartiles of SHE-index using Cox proportional hazards
models. Multivariable adjusted Cox regression models
were adjusted for eleven covariates (some of which were
time-varying and so were updated in each wave) listed in
the section above. Model assumptions were tested using
graphs based on Schoenfeld residuals. As dietary pattern
could change after enrollment, we, therefore, modelled
dietary pattern as time-varying exposure in time-varying
Cox proportional hazards regression models to mini-
mize the misclassification of exposure and immortal time
bias. Interaction terms of sex and SHE-index scores were
assessed to determine whether sex was an effect modi-
fier on the relationships between SHE-index scores and
mortality. Effect modification by sex was considered sig-
nificant if the Wald test for the interaction term was sta-
tistically significant at P<0.05. Absolute rate difference
was calculated as the mortality rate per 1000 person-
years of the exposed group minus that of the reference
group to estimate the reduction in mortality regarding
SHE-index in very old adults.

A series of additional sensitivity analyses were con-
ducted to further explore the relationship observed:
multivariable models additionally controlling for systolic
blood pressure and body weight (Table S3, n=235 927) or
body mass index (kg/m?) (Table S4, n =28 008), exclud-
ing the participants with severe diseases at baseline
(Table S5, n=29 443), excluding those who died within
the first year of the baseline survey (Table S6, n=30



Yan et al. Int J Behav Nutr Phys Act (2022) 19:60

620), assuming those lost to follow-up were either alive
(Table S7, n=35 927) or dead (Table S8, n=35 927) at
the mid-point between the two waves, adjusting for
period effects and re-estimating the model for each wave
(Table S9), multivariable models among participates aged
65-79 years old (Table S10, n=9 206), classes of dietary
patterns and types of food in each class identified using
the principal component analysis — PCA (Table S11),
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multivariate models by three dietary patterns identified
by the PCA (Table S12, n=35 927).

Statistical significance was set at P-value<0.05 (two-
sided). All analyses were performed using SAS, version
9.4 (SAS Institute Inc., Cary, NC, USA) and indepen-
dently verified with Stata version 16.1 (StataCorp, Col-
lege Station, TX, USA).

Table 1 Baseline characteristics by quartiles of the Simplified Healthy Eating Index among 35 927 Chinese adults aged 80 years or

older

Variable - n (%)?

Simplified Healthy Eating-index Quartiles

Quartile 1 (0-8) Quartile2(9-10) Quartile3(11-12) Quartile4(13-18) Total
(N=11020) (N=11745) (N=8706) (N=4456) N=35927
Age - median (25, 75t 93 (86, 100) 92 (85, 100) 91 (85, 100) 91 (84, 99) 92 (85, 100)
Sex
Men 3519 (32%) 4413 (38%) 3696 (42%) 2291 (51%) 13,919 (39%)
Women 7501 (68%) 7332 (62%) 5010 (58%) 2165 (49%) 22,008 (61%)

Education (years of schooling)

None (0) 8626 (78%) 8501 (72%) 5631 (65%) 2381 (53%) 25,139 (70%)

Primary school (1-5) 1795 (16%) 2269 (19%) 1933 (22%) 1090 (24%) 7087 (20%)

Middle school or higher (>5) 599 (5%) 975 (8%) 1142 (13%) 985 (22%) 3701 (10%)
Ethnicity

The minority 671 (6%) 910 (8%) 472 (5%) 209 (5%) 2262 (6%)

Han 10,349 (94%) 10,835 (92%) 8234 (95%) 4247 (95%) 33,665 (94%)
Marital status

Currently married and living with spouse 1544 (14%) 1948 (17%) 1763 (20%) 1080 (24%) 6335 (18%)

Separated/divorced/never married/Widowed 9476 (86%) 9797 (83%) 6943 (80%) 3376 (76%) 29,592 (82%)
Place of residence

Urban 3710 (34%) 4629 (39%) 4222 (48%) 2612 (59%) 15,173 (42%)

Rural 7310 (66%) 7116 (61%) 4484 (52%) 1844 (41%) 20,754 (58%)
Occupation before age 60

Manual 287 (3%) 478 (4%) 633 (7%) 663 (15%) 2061 (6%)

Non-manual 10,733 (97%) 11,267 (96%) 8073 (93%) 3793 (85%) 33,866 (94%)
Co-residence

With household member(s) 8723 (79%) 9643 (82%) 7408 (85%) 3875 (87%) 29,649 (83%)

Alone 1905 (17%) 1568 (13%) 943 (11%) 433 (10%) 4849 (13%)

In aninstitution 392 (4%) 534 (5%) 355 (4%) 148 (3%) 1429 (4%)

Smoking status

Current smoker 8113 (74%)

8352 (71%)

5883 (68%) 2883 (65%) 25,231 (70%)

Former smoker 1400 (13%) 1618 (14%) 1337 (15%) 845 (19%) 5200 (14%)

Never smoked 1507 (14%) 1775 (15%) 1486 (17%) 728 (16%) 5496 (15%)
Current physical activity

No 9020 (82%) 9081 (77%) 6045 (69%) 2641 (59%) 26,787 (75%)

Yes 2000 (18%) 2664 (23%) 2661 (31%) 1815 (41%) 9140 (25%)
Drinking status®

Never/former 9221 (84%) 9545 (81%) 6923 (80%) 3547 (80%) 29,236 (81%)

Light 579 (5%) 715 (6%) 618 (7%) 370 (8%) 2282 (6%)

Heavy 1220 (11%) 1485 (13%) 1165 (13%) 539 (12%) 4409 (12%)

2 Unless otherwise stated

B Light drinking <25 g/15 g per day for male/female; Heavy drinking > 25 g/15 g per day for male/female



Yan et al. Int J Behav Nutr Phys Act

(2022) 19:60

Page 5 of 12

Table 2 Multivariable-adjusted® hazard ratios (HRs), and their 95% confidence intervals (Cls) of all-cause mortality for nine individual
dietary components among 35 927 Chinese adults aged 80 years or older

Men Women Total
(N=13919) (N=22008) (N=35927)
HRs 95% ClI HRs 95% ClI HRs 95% Cl
Fruit
Rarely or never 1 (reference) 1 (reference) 1 (reference)
Occasionally 0.95 0.90,0.99 0.96 0.92,0.99 0.95 0.93,0.98
Always 0.86 0.81,0.90 0.91 0.88,0.95 0.89 0.86,0.92
Vegetable
Rarely or never 1 (reference) 1 (reference) 1 (reference)
Occasionally 0.77 0.69, 0.85 0.95 0.88,1.03 0.88 0.83,0.94
Always 0.71 0.65,0.78 0.84 0.79,0.90 0.79 0.75,0.84
Fish
Rarely or never 1 (reference) 1 (reference) 1 (reference)
Occasionally 0.92 0.88,0.97 0.96 093, 1.00 095 092,098
Always 0.87 0.82,0.93 0.93 0.89,0.98 091 0.87,0.95
Egg
Rarely or never 1 (reference) 1 (reference) 1 (reference)
Occasionally 091 0.86,0.97 0.98 0.94,1.03 0.96 0.92,0.99
Always 0.90 0.84,0.96 0.98 093,1.03 095 091,0.99
Bean product
Rarely or never 1 (reference) 1 (reference) 1 (reference)
Occasionally 0.89 0.84,0.95 097 0.93,1.02 094 091,098
Always 0.89 0.83,0.94 0.96 0.91,1.01 0.93 0.90,0.97
Salt-preserved vegetable
Always 1 (reference) 1 (reference) 1 (reference)
Occasionally 0.93 0.88,0.97 0.96 0.93,0.99 095 092,097
Rarely or never 0.92 0.87,0.97 0.94 0.90,0.98 093 0.90,0.96
Sugar
Always 1 (reference) 1 (reference) 1 (reference)
Occasionally 0.97 0.93,1.02 1.00 0.96, 1.04 0.99 0.96, 1.02
Rarely or never 1.05 0.99,1.10 1.06 1.01,1.10 1.06 1.02,1.09
Tea
Rarely or never 1 (reference) 1 (reference) 1 (reference)
Occasionally 0.92 0.87,0.97 093 0.89,0.97 093 0.90, 0.96
Always 0.88 0.84,0.92 0.94 0.90,0.98 091 0.88,0.94
Garlic
Rarely or never 1 (reference) 1 (reference) 1 (reference)
Occasionally 0.87 0.84,091 091 0.88,0.95 0.90 0.88,0.92
Always 0.85 0.80,0.90 0.89 0.85,0.94 0.88 0.84,0.91

2 Adjusted for age, sex (men or women), ethnicity (Han or the minority), marital status (currently married and living with spouse, or separated/divorced/never married/
widowed), years of education (0, 1-5, or > 6), residence (urban or rural areas), occupation before age 60 (manual or non-manual), co-residence (with household
member, alone, or in an institution), smoking status (never smoked, former smoker or current smoker), drinking status (Never/former, light, or heavily drinking), and
current physical activity (Yes or no); For men and women, adjusted for all variables except sex

Results

Table 1 shows the baseline characteristics of 35 927
participants according to the quartile of the SHE-
index. The median age of all oldest-old participants

was 92 years (25" percentile, 85 years; 75" percentile,
100 years). More than half of participants were women
(61%) and lived in rural areas (58%). Those with higher
SHE-index scores were most likely to be younger,
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Table 3 Absolute risk difference and 95% confidence intervals of all-Cause mortality by quartile of SHE-index among 35 927 Chinese

adults aged 80 years or older

Men Women Total
(N=13919) (N=22008) (N=35927)
No. of Death  Mortality Absolute Rate No. of Death  Mortality Absolute Rate No. of Death  Mortality Absolute Rate
rate per 1000 Difference per rate per 1000 Difference rate per 1000 Difference per
Person-Years 1000 Person- Person-Years per 1000 Person-Years 1000 Person-
Years (95% Person-Years Years (95% CI)*
cn? (95% CI)?
SHE-index
Q1(0-8) 1548 224 [reference] 3306 228 [reference] 4854 227 [reference]
Q2 (9-10) 1774 189 -35(-49to0-21) 3112 209 -18(-29t0-8) 4886 202 -25(-34t0-17)
Q3(11-12) 1382 172 -52(-66t0-37) 2093 204 -23(-35t0-12) 3475 190 -36 (-45 t0 -27)
Q4(13-20) 683 134 -90 (-105to-75) 815 179 -49 (-63t0-34) 1498 155 -71(-81t0-61)

?The absolute rate difference was calculated as the mortality rate per 1000 person-years of the exposed group minus that of the reference group

better educated, currently married, living with a
spouse, and living in urban areas. Baseline characteris-
tics of participants included in this analysis were simi-
lar to the 1564 individuals who were excluded due to
missing covariates (Table S2).

For the individual dietary variables, fruits, vegetables,
fish, salt-preserved vegetable, tea, and garlic showed a
statistically significant (P<0.05) relationship with all-
cause mortality, as shown by the sex-stratified analyses
and the combined adjusted analyses (Table 2). In total,
participants who always ate vegetables had the lowest
risk of mortality (HR 0.77, 95% CI 0.75, 0.84), compared
with those who rarely or never ate vegetables.

Absolute risk differences by SHE-index quartiles are
shown in Table 3. In the first quartile group with the
least healthy dietary pattern, there were 71 (95% CI 81
to 61) excess deaths per 1000 person-years during the
follow-up period compared to the fourth quartile with
the highest healthy dietary score. Figure 1 illustrates
the extended Kaplan—Meier survival curves strati-
fied by time-varying SHE-index quartiles. The survival
probability throughout the follow-up period was higher
for those with higher SHE-index scores for both men
and women (P<0.001).

A clear dose-response relationship emerged between
the time-varying SHE-index quartiles and mortality, as
shown by the age-adjusted HRs stratified by sex and by
the combined age- and sex-adjusted HR (Fig. 2). Com-
pared with the first quartile (least healthy dietary pat-
tern), participants in the fourth quartiles had the lowest
risk of mortality (HR 0.75, 95% CI 0.75, 0.78).

In multivariable Cox proportional hazard models using
time-varying SHE-index score and adjusted for time-
varying covariates (socio-demographic and lifestyle risk
factors), the associations were slightly attenuated, but

inverse relations remained among men and women,
respectively, and all participants (Table 4). Compared
with the first quartile, the hazard ratios (95% CI) for all
participants were 0.91 (0.88, 0.93), 0.89 (0.86, 0.92) and
0.82 (0.78, 0.85) for the second, third, and fourth quar-
tiles respectively. The effect of dietary pattern on mor-
tality was stronger among men compared to women
(p-value for interaction 0.028).

A series of sensitivity analyses were conducted to fur-
ther examine the relationship between the SHE-index
and all-cause mortality. In all of these analyses except a
few wave-specific models (with small sample sizes), the
relationship between the SHE-index quartiles and mor-
tality remained significant and consistent (Table S3-S12).

Discussion

Equipped with seven waves of the China Longitudinal
Health Longevity Study from 1998 to 2014, we evaluated
the relationship between a simple healthy eating index
and all-cause mortality among 30 771 Chinese adults
aged 80 years or older at baseline (age range 80 to 124,
median 92) with a total of 127 476 person-years of fol-
low-up. The SHE-index was based on frequent intakes of
fruits, vegetables, fish, eggs, bean products, garlic, and
tea, and infrequent intake of sugar and salt-preserved
vegetables, with higher scores indicating healthier die-
tary patterns. The main finding of this large prospec-
tive population-based study was that the SHE-index
was inversely associated with all-cause mortality among
Chinese oldest-old for both men and women. Men had
a higher mortality risk than women, regardless of SHE-
index. Interaction analyses showed that the effects of
SHE-index were stronger in men, reflecting the greater
impact of the healthy dietary pattern among men. Com-
pared with the lowest quartile (scores between 0 and 8),
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Q4 4456 (1451)2320 (839) 1092 (337) 394 (118) 187 (46) 76 (13) 5

Fig. 1 Kaplan—-Meier survival curves stratified by Simplified Health Eating Index quartiles and sex for (A) Men, (B) Women and (C) Total. The tables
below the graphs show the number at risk at the beginning of each time period and deaths are in parenthesis

9 12
Duration of follow-up(years)

841 (342) 381 (134) 167 (47) 9

876 (272) 384 (138) 152 (37) 12
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SHE-index Quartile Hazz‘lrd 95% CI P for trend

by Sex ratio

Men

Q2 vs. QI o 0.87 0.83, 0.91

Q3 vs. QI o 0.81 0.77, 0.85 <0.001

Q4 vs. Q1 —o— 0.67 0.63, 0.71

Women

Q2 vs. QI o 0.93 0.89, 0.96

Q3 vs. QI o 0.89 0.86,0.93  <0.001

Q4 vs. Q1 —o— 0.82 0.77, 0.87

Total

Q2 vs. QI * 0.91 0.88, 0.94

Q3 vs. QI ¢ 0.87 0.83,0.89  <0.001

Q4 vs. QI ¢ 0.75 0.75, 0.78

1 1 1 1
06 07 08 09 1.0
Hazard Ratio (95% CI)

Fig. 2 Age-adjusted Hazard Ratios stratified by sex and combined age- and sex- adjusted Hazard Ratios. Q1 represents the SHE-index score 0-8; Q2:
9-10; Q3: 11-12; Q4: 13-18. For all population, the hazard ratios were adjusted for both age and sexes; for men and women, the hazard ratios were
only adjusted for age

the risk of dying was 9%, 11%, and 18% lower for those
in the 2" 3 apd 4t quartiles (scores of 9-10, 11-12,
and > 13, respectively) (all P values<0.001) after adjust-
ing for socio-demographic and lifestyle risk factors. Our
results provide evidence that healthy dietary patterns
were associated with reduced risk of death among Chi-
nese oldest-old.

Comparison with other studies

In this study, the construction of the SHE-index was
based on a priori knowledge of the relationships between
nine specific food groups and mortality from studies
primarily of middle-aged and older adults 80 years old
or younger. In analyses on how individual food group
related with mortality risk, our results among those
80 years or older were generally consistent with the pre-
vious literature [36—46]. When these individual compo-
nents were included together in the SHE-index, a clear
and significant relationship between dietary patterns
and mortality was observed. This finding is also in line
with most prior studies. For example, the Mediterra-
nean diet is characterized by high intake of fruits, veg-
etables, cereals, potatoes, poultry, beans, nuts, lean fish,
dairy products, small quantities of red meat, moderate
alcohol consumption, and olive oil as an important fat
source. Adherence to the Mediterranean diet is asso-
ciated with survival not only in Greece, [47] but also in
North Europe, [48] Australia, [49] Spain, [50] and the US
[51]. In addition, people with higher scores of Healthy

Eating Index [10, 52], Recommended Food Score [11],
and Healthy Diet Indicator [53] were more likely to have
lower risk of all-cause mortality.

However, nearly most of these previous studies focused
on young or middle-aged adults, at most older popula-
tion aged 65 and above. Using the Healthy Ageing: a Lon-
gitudinal study in Europe (HALE) data of 2,339 people
in Europe and follow up for 10 years, a group examined
the relationship between individual dietary, lifestyle fac-
tors and mortality, demonstrating that diet pattern along
with other lifestyle factors was associated with mortality
[43]. However, only a low number of deaths (905) were
included in this study. Because of these low death num-
bers, the power of finding a significant effect of diet on
mortality was largely weakened.

Using the CLHLS 1998 baseline data of 8,959 people
and followed up until 2011, an Australia-based group
examined the relationship between individual dietary
intake variables with mortality, emphasizing the findings
from fruits, vegetables, and salt [4]. Our findings extend
the evidence of the beneficial effects of fruit and vegeta-
ble intake to the oldest-old.

Our present study was based on 35 927 people and up
to 21 years of follow up including 25 688 deaths, with an
emphasis on dietary patterns. We provide potent evi-
dence that even among the oldest-old aged 80 and above,
adherence to a healthy dietary pattern is associated with
a significant and substantial reduction in overall mor-
tality. We observed a statistically significant interaction
between the effects of SHE-index and sex on mortality
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Table 4 Multivariable-adjusted* hazard ratios (HRs) and 95% confidence intervals (Cls) of all-cause mortality among 35 927 Chinese

adults aged 80 years or older

Men Women Total
(N=13919) (N=22008) (N=35927)
HRs 95% ClI HRs 95% Cl HRs 95% ClI
Simplified Healthy Eating-index
Quartile 1 (0-8) 1 (reference) 1 (reference) 1 (reference)
Quartile 2 (9-10) 0.87 0.83-0.92 092 0.89-0.96 091 0.88-0.93
Quartile 3(11-12) 0.85 0.80-0.89 092 0.88-0.96 0.89 0.86-0.92
Quartile 4 (13-18) 0.75 0.70-0.80 0.87 0.82-0.92 0.82 0.78-0.85
Age 1.07 1.07,1.07 1.07 1.07,1.07 1.07 1.07,1.07
Education (years of schooling)
None (0) 1 (reference) 1 (reference) 1 (reference)
Primary school (1-5) 1.01 0.96-1.05 0.97 091-1.03 0.99 0.95-1.02
Middle school or higher (>5) 0.95 0.89-1.01 0.85 0.76-0.96 092 0.87-0.97
Ethnicity
Han 1 (reference) 1 (reference) 1 (reference)
Minority 1.09 1.01-1.18 1.15 1.09-1.22 113 1.08-1.18
Marital status
Currently married and living with spouse 1 (reference) 1 (reference) 1 (reference)
Separated/divorced/never married/Widowed 132 1.26-1.39 146 1.34-1.58 136 1.30-141
Place of residence
Urban 1 (reference) 1 (reference) 1 (reference)
Rural 1.07 1.03-1.12 1.07 1.04-1.11 1.07 1.04-1.10
Occupation before age 60
Manual 1 (reference) 1 (reference) 1 (reference)
Non-manual 1.1 1.02-1.18 1.15 0.99-1.33 .11 1.04-1.19
Living arrangements
With household member(s) 1 (reference) 1 (reference) 1 (reference)
Alone 0.83 0.78-0.88 0.76 0.73-0.80 0.79 0.76-0.82
In an institution 112 1.01-1.23 117 1.08-1.27 1.14 1.07-1.22
Smoking status
Never smoker 1 (reference) 1 (reference) 1 (reference)
Former smoker 114 1.09-1.20 1.18 1.12-1.25 116 1.12-1.20
Current smoker 1.05 1.00-1.10 1.02 0.96-1.10 1.04 1.00-1.09
Physical activity
No 1 (reference) 1 (reference) 1 (reference)
Yes 0.68 0.65-0.71 0.69 0.66-0.72 0.68 0.66-0.71
Drinking status®
Never/former 1 (reference) 1 (reference) 1 (reference)
Light 0.96 0.90-1.03 0.97 0.90-1.06 0.97 0.92-1.02
Heavy 091 0.86-0.96 097 0.92-1.03 094 0.90-0.98

2 For all populations, hazard ratios were adjusted for variables listed in the table; for men and women, adjusted for all variables except sex

b Light drinking <25 g/15 g per day for male/female; Heavy drinking > 25 g/15 g per day for male/female

(men with lower SHE-index scores had higher mortality
risk), and this difference between men and women was
also reflected in the changes in SHE-index levels. This
possible sex-specific difference should be explored in fur-

ther studies.

Public health implications
Our study suggested the additive benefits of diet on
decreasing the all-cause mortality and substanti-
ates the importance of diet on longevity in old age

and adds scientific evidence for the new emphasis
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on healthy eating patterns in the 2015-2020 Die-
tary Guidelines for Americans and the 2017 Dietary
Guidelines in China [7, 54].

Additionally, our study, based on a large sample of
oldest-old, can refute the following two plausible percep-
tions of why diet may play a different and small role in
older people’s health. The oldest-old are the survivors of
the fittest, having been able to fend off many premature
mortality risks. Thus, some people speculate that diet or
other lifestyle factors may not matter to them as much as
to younger people in further extending their life spans.
Some older adults themselves may also hold this men-
tality and therefore become less motivated to maintain a
healthy lifestyle.

Strengths and limitations of study

Our study has a number of strengths. We used data from
CLHLS to evaluate the association between diet pattern
and all-cause mortality. Advantages of this China-wide
survey were its great diversity in dietary patterns, its
prospective nature, its large sample size, long follow-up
period and measurements of many potential confound-
ers. Through pooling data across seven survey waves, we
are able to have complete baseline and follow-up infor-
mation on more than 30 000 adults 80 years or older.
The prospective nature of the study helps to minimize
recall bias. In addition, taking into account the change
of dietary patterns in the follow-up, time-varying models
were used which enabled us to more precisely evaluate
the association, and may eliminate the misclassification
of exposure status to a large extent. Moreover, the length
of follow-up in our study (range O to 21 years) is long
enough to detect the true association between dietary
habits and mortality.

One major limitation of our data is that we had no
information on the amount of consumption and limited
information on frequency of only nine dietary variables.
No data were collected on other important components
of a healthy eating pattern such as nuts, vegetable oil,
lean meat, or dairy products. Therefore, we were only
able to construct a “simplified” crude healthy eating
index. In addition, in cases of eggs, the “more is bet-
ter” assumption, though verified in this oldest-old sam-
ple typically with low intake, may or may not be true
in other populations. It was included in our index as
it represents one major food group and supplemental
analyses excluding it from the SHE-index showed simi-
lar findings. Moreover, we excluded the category “meat”
from our index as it is more controversially discussed
among researchers and we could not simply identify
it as healthy or unhealthy. Nevertheless, a clear dose—
response association emerged between the SHE-index
and all-cause mortality, suggesting the robustness of the
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relationship. A second limitation is that across the seven
follow-up waves, the cumulative proportion of loss to
follow-up was high (22% of all participants). Most of
these losses were due to participants’ moving out of the
survey areas. Nevertheless, we performed two sensitiv-
ity analyses that assumed all of the participants lost to
follow-up were either dead or still alive at the mid-point
of the two waves. Neither assumption considerably
altered the relationship between dietary index and all-
cause mortality in the main results. In addition, we did
not attempt to investigate cause-specific mortality as
causes of death are not always verified among oldest-old
in China, especially in rural areas.

Implications and conclusion

We found that poorer diet as measured by the SHE-index
was associated with mortality from any causes among Chi-
nese older adults aged 80 and above. Findings from this
study provide new evidence on the importance of eating
patterns for longevity even among the oldest-old. Our study
dispels myths related to the reduced significance of diet
among those who have reached old age. It provides motiva-
tion for young and old people alike to adopt and maintain
healthy eating patterns for living a long life. Along with pre-
vious research, our study supports the recommendations to
consume healthy diets throughout the life course.
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