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Abstract

Background: Sleep duration and vegetable consumption are associated with mortality at old age (termed as sleep-
mortality linkage and vegetable-mortality linkage, respectively). Yet, little is known about the interplay of sleep
duration and vegetable consumption on mortality.

Methods: A dataset of nationwide longitudinal survey with 13,441 participants aged 65 years or older recruited in
2008 and followed up till 2014 was used. Sleep duration was classified into five groups (≤5, 6, 7–8, 9, and ≥ 10 h/
day). Vegetable consumption was classified as either high frequency (eating vegetables almost daily) or low
frequency. We used parametric Weibull hazard regression models to estimate associations of sleep duration and
frequency of vegetable consumption with mortality, adjusting for demographics, socioeconomic factors, family/
social support, health practice, and health conditions.

Results: Over the six-year study period, when only demographics were present, participants sleeping ≤5, 6, 9,
and ≥ 10 h/day had relative hazard (RH) of mortality 1.18 (p < 0.001), 1.14(p < 0.01), 1.06 (p > 0.1), and 1.30 (p < 0.001),
respectively, compared to those sleeping 7–8 h/day. The HRs were attenuated to 1.08 (p < 0.05), 1.08 (p < 0.05), 1.09
(p < 0.1), 1.18(p < 0.001), respectively, when all other covariates were additionally adjusted for. High frequency of
eating vegetables was associated with 22% lower risk of mortality (RH= 0.78, p < 0.001) compared to low frequency
in the demographic model, and with 9% lower risk (RH = 0.91, p < 0.05) in the full model. Subpopulation and
interaction analyses show that the sleeping-mortality linkage was stronger in female, urban, oldest-old (aged ≥80),
and illiterate participants compared to their respective male, rural, young-old, and literate counterparts. High
frequency of vegetable intakes could offset the higher mortality risk in participants with short-sleeping duration, but
low frequency of eating vegetables could exacerbate mortality risk for participants with either short or long sleep
duration; and except for few cases, these findings held in subpopulations.

Conclusions: Too short and too long sleep durations were associated with higher mortality risk, and infrequent
vegetable consumption could exacerbate the risk, although frequent vegetable intake could offset the risk for short
sleep duration. The relationship between these two lifestyles and mortality was complex and varied among
subpopulations.

Keywords: Sleep duration, Vegetables consumption, Mortality, Interaction, Older adults, Oldest-old, CLHLS

© The Author(s). 2021 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://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: gudanan@yahoo.com; zengyi@nsd.pku.edu.cn
5Independent Researcher, New York, NY 10017, USA
6Center for Healthy Aging and Development Studies, Raissun Institute for
Advanced Studies, National School of Development, Peking University, No. 5
Yiheyuan Road, Beijing 100871, Haidian District, China
Full list of author information is available at the end of the article

Bai et al. BMC Geriatrics          (2021) 21:373 
https://doi.org/10.1186/s12877-021-02278-8

http://crossmark.crossref.org/dialog/?doi=10.1186/s12877-021-02278-8&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:gudanan@yahoo.com
mailto:zengyi@nsd.pku.edu.cn


Background
Sleep has been recommended as a crucial component to
maintain a high quality of life and good health [1]. A
growing body of epidemiological studies demonstrate
that both long and short sleep durations are significant
predictors for all-cause mortality among older adults [2–
5]. There is plenty of evidence showing that the associ-
ation of sleep duration with mortality might be partially
modified by changes of dietary intakes [6]. Vegetable
consumption has been verified as a strong predictor of
both survival and healthy sleep patterns in older adults
[7, 8]. For example, many studies have shown that a high
frequency of vegetable consumption was linked to lower
risk of mortality among older adults in Spain [9],
Australia [10], and Japan [11]. Additionally, vegetable
consumption also plays an important role in affecting
sleep duration. Evidence shows that adherence to a
Mediterranean diet, featured by daily consumption of
vegetables and fruit, is associated with lower risk of
changes in sleep duration and better sleep quality in
older adults [12]. Some studies have further shown that
low intakes of vegetables were associated with both lon-
ger and shorter sleep durations than recommended, and
that lower fiber/carotenoids would lead to poor sleep
quality and even increased risk of incident insomnia [13,
14].
Although associations between sleep duration, vege-

table, consumption and mortality among older adults
have been well documented in Western countries, it is
still unknown how the interrelationship between sleep
duration and vegetable consumption is linked with sub-
sequent mortality risk among older adults in China, a
country with the largest aging population in the world.
As for the linkage between sleep duration and mortality,
in addition to several subnational-level studies [15, 16],
there are only handful studies using national representa-
tive samples which found that both short or long sleep
durations were associated with higher mortality risk
among older adults in China [17, 18].
There are numerous theoretical frameworks on the re-

lationship between health behaviors and health out-
comes. However, most theoretical frameworks only
focused on single health behavior indicator and its re-
lated health outcomes. As any health outcome is influ-
enced by a wide set of health behaviors [19], and as not
all individuals respond in the same way to the same be-
havior [20], it is thus necessary to consider interactions
between health behaviors in modeling health outcomes.
According to the Compensatory Carry-Over Action
Model (CCAM) proposed by Lippke [21], different
health behaviors (i.e., physical activity and fruit/vegetable
consumption) are interrelated, and they are driven by
underlying mechanisms that promote a healthy lifestyle
and prevent chronic diseases or mortality risk. In this

context, considering the prior findings that vegetable
consumption is either associated with lower mortality
risk [22, 23] or with good quality of sleep among older
adults [24], it is reasonable to postulate that the interplay
between vegetable intake and sleep duration should be
interactively associated with mortality risk among older
populations.
In the present study, based on CCAM, we aim to ex-

plore the associations of sleep duration and vegetable
consumption with mortality by using the data from the
Chinese Longitudinal Healthy Longevity Survey (CLHL
S), a nationally representative prospective cohort study
of older adults in China. We also aim to investigate the
interaction effect of vegetable consumption in associ-
ation of sleep duration with mortality, to help draw
proper prevention and intervention implications on
healthy aging and longevity.

Methods
Sample
We used a nationally representative sample of 13,441 re-
spondents from the 2008 wave of the Chinese Longitu-
dinal Healthy Longevity Survey (CLHLS) and their
follow-up waves in 2011 and 2014. The CLHLS began in
1998 focusing on the oldest-old aged 80 years or older
and was carried out in a randomly selected half of the
counties/cities from 22 out of 31 provinces in Mainland
China (thereafter China), aiming to interview all cente-
narians in the sampled counties/cities. Comparable
numbers of nonagenarians and octogenarians were re-
cruited with predesignated age and sex based on the
month of birth of local centenarians in the survey. Start-
ing from 2002, the CLHLS recruited older adults aged
65–79 to reflect the entire older adult population of
China with roughly every five individuals aged 65–79
per four centenarians in each local county/city. The
sample was further expanded to include a county in Hai-
nan Province in 2008, making a total of 23 provinces as
its coverage. The sampled provinces covered nearly 90%
of the total population according to the 2010 census.
The CLHLS has the largest sample of centenarians, no-
nagenarians, and octogenarians in the contemporary
world [25]. Well-trained professionals conducted face-
to-face interviews with structured questionnaires con-
taining comprehensive measurements of demographic
and socioeconomic status, health behaviors [26]. De-
tailed protocols and study design of the CLHLS have
been documented elsewhere [27]. The CLHLS inter-
viewed 16,360 respondents aged 65 or older in 2008, of
which 5,597 survived to the 2014 wave, 7,844 died before
the 2014 wave, and 2,919 were lost to follow-up. Those
lost to follow-up were excluded in the present study,
leaving 13,441 participants in the final sample for
analyses.
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Measurements
Sleep duration
Self-reported sleep duration (including both nighttime
and daytime naps) was collected using the following
question in the CLHLS 2008 questionnaire: “how many
hours on average do you sleep every day, including day-
time naps?” The self-reported sleep duration is com-
monly used in sleep studies [28–30] and its validity has
been validated [31]. The sleep duration without distin-
guishing daytime naps and nightlight sleep is also com-
monly used in the literature [7, 32–34], although some
studies reported different mechanisms and linkages with
health [35–37]. For some respondents who were not able
to report the duration, the next-of-kin answered it as a
proxy response. A validation study of CLHLS data
showed that there was no substantial bias by using the
next-of-kin as proxies for objective and factual ques-
tions, such as sleep duration [38]. For the purpose of
capturing a possible non-linear association between
sleep duration and mortality, we followed previous stud-
ies and classified sleep hours into five categories (≤5, 6,
7–8, 9, and ≥ 10 h/ per day) [3, 39]. We used the cat-
egory of 7–8 h as the reference category which was rec-
ommended as preferable sleep time by previous studies
[3, 39].

Vegetable consumption
Vegetable consumption was measured by self-reported
frequency of consuming fresh vegetables using a single
overall question “how often do you have vegetables?”
with options of “every day or almost every day,” “often,”
“occasionally,” and “rarely or never.” The single general
question is a common method for assessing the over-
all dietary habit in the field of dietetic studies [40, 41].
To facilitate the interpretation of the findings, we coded
those who answered having such food “every day or al-
most every day” or “often” as “high frequency”, and
coded those who answered “occasionally” or “rarely or
never” as “low frequency”. Original ordinal categories
were also tested, and results are more or less similar.

Mortality risk
Our primary outcome was all-cause mortality in the
study period 2008–2014 with both survival status and
the length of exposure to death as dependent variables
in survival analysis. Survival status was identified as
whether a respondent was dead or alive in the wave
of 2014. Death information was collected from death
certificates and confirmed by the next-of-kind. If death
certificate was not available, a confirmation was obtained
from local Residential Committee, Village Committee, or
a community doctor. Data quality on mortality is rela-
tively high [27].

Covariates
Our analyses controlled for a variety of confounders that
were previously evidenced to link to sleep, vegetable
consumption, and mortality [9–11, 18]. The factors in-
cluded demographic, socioeconomic status (SES), family/
social supports, health practices, and health conditions.
Demographic variables included chronological age, sex,
and urban/rural residence (urban vs. rural). SES were
measured with four indicators including education (liter-
ate with at least 1 year formal education vs. illiterate with
no years of schooling), economic independence (having
a retirement wage/pension and/or own earnings vs.no),
primary lifetime occupation (white collar occupation vs.
other), and health care accessibility when in need (yes
vs. no). Family/social supports were measured by current
marital status (married vs. no), proximity to children
(close vs. not close; defined as either having a co-
resident child or having a child living in the same neigh-
borhood). Health practices included smoking status
(currently smoking yes vs. no) and physical exercise
(currently participating regularly vs. not participating).
Health conditions included physical functioning, cogni-
tive functioning and self-reported health. Specifically,
physical functioning was measured by disability in activ-
ities of daily living (ADL). The CLHLS assessed disability
in ADL according to the Katz Index, including self-
reported six tasks performed by individuals in daily life:
eating, dressing, bathing, indoor transfer, toileting, and
incontinence [42]. We defined a participant as ADL dis-
abled if he or she needed assistance in performing any of
those six items, and not disabled otherwise. Self-
reported health was evaluated by the question “In gen-
eral, would you say your health is: very good, good, fair,
poor, or very poor?”. The responses were dichotomized
into poor (fair/bad/very bad) health vs. good (very good/
good) health. Cognitive function was assessed using a
culturally adapted Chinese version of the Mini-Mental
State Examination (MMSE) [38, 43]. We used the score
of ≥24 out of total 30 as the cutoff value to distinguish
normal cognition from impaired cognition [43].

Statistical analysis
We first described the baseline characteristics of the
study population classified by sleep duration categories
(≤5 h, 6 h, 7–8 h, 9 h, ≥10 h). We then employed the
Weibull hazard regression models to estimate the associ-
ation between sleep duration, vegetable consumption
and mortality [18, 44]. Five sequential models of Weibull
hazard regressions were designed. Models I and II calcu-
lated relative hazards (RH) of mortality for sleep dur-
ation and vegetable consumption, respectively,
controlling for demographics. Model III pooled Models I
and II with additional controls for socioeconomic fac-
tors. Model IV further controlled for family/social
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supports, and health practices in Model III. Model V (i.e.,
full model) additionally controlled for health conditions.
Whether the association between sleep duration and mor-
tality varied by vegetable consumption, was also examined
by using an interaction term of sleep duration and vege-
table consumption. Finally, the non-interaction models
and the interaction models were further stratified by gen-
der, age, urban-rural residence, and education level
group [45]. Except for sex, education, and primary
lifetime occupation, all other variables were consid-
ered as time-varying covariates. The sampling weight
was applied in the descriptive table only as an Appen-
dix. For modeling, the sampling weight was not ap-
plied as it would introduce biases when the variables
used for constructing the sample weight were already
in analyses [46, 47]. This practice is consistent with
many previous studies [18, 23, 24].

As there were losses to follow-up. Alternative analyses
including those who were lost to follow-up by imputing
their survival information only slightly altered the results.
The imputed survival status was based on a multiple im-
putation method by assuming that the survival status and
the length of survival would be the same if they had the
same characteristics in demographics, SES, social connec-
tion, health practice, and health conditions at a previous
wave as the respondents who were followed-up at a subse-
quent wave (see Appendix Tables A2 and A3).
All analyses were performed using STATA version

15.0 (Stata Corp LLC, College Station TX, USA).

Results
Table 1 presents unweighted frequency distribution of
characteristics of survey participants classified by sleep
duration at the 2008 wave. About 36% of the interviewed

Table 1 Characteristics of study participants, classified by sleep duration (unweighted)

Total Hours of sleep per day p-value

≤5 6 7–8 9 ≥10

# of participants 13,441 1,588 1,826 4,877 1,133 4,017 NA

% participant across sleep hours 100.0 11.81 13.59 36.28 8.43 29.89 NA

% Death in 2008–2014 58.4 57.0 52.8 51.2 56.0 70.8 < 0.001

Frequency of vegetable consumption

% High 87.6 83.6 88.5 89.4 89.8 86.4 < 0.001

Demographics

Age (mean, years) 87.0 86.2 85.0 85.0 86.0 91.1 < 0.001

% Aged over 80 years 73.1 72.7 67.1 65.8 70.8 85.7 < 0.001

% Male 42.9 37.8 42.5 44.7 49.8 41.1 < 0.001

% Urban 36.7 34.8 39.3 37.4 35.7 35.8 0.027

Socioeconomic factors

% 0 years of schooling 63.5 66.9 59.2 59.6 60.8 70.0 < 0.001

% Economic independence 25.8 25.1 31.1 30.7 26.0 17.8 < 0.001

% Professional occupation 9.4 8.2 10.5 10.9 7.9 8.0 < 0.001

% Access to healthcare 92.4 86.7 90.4 92.8 95.0 94.5 < 0.001

Family/Social support

% Married 32.7 32.0 37.0 38.2 36.8 23.3 < 0.001

% Close proximity to children 87.3 84.3 86.9 87.1 88.1 88.7 < 0.001

Health practice

% Doing regular exercise 27.3 28.1 30.2 30.7 28.9 28.3 < 0.001

% Currently smoking 17.9 16.9 19.4 18.6 18.8 16.5 0.016

Health condition

% ADL disabled 20.6 21.5 18.4 14.3 13.0 31.2 < 0.001

% Cognitively impaired 44.3 42.2 39.9 36.5 36.9 58.6 < 0.001

% Self-reported poor health 51.1 67.9 59.1 47.9 44.2 46.6 < 0.001

Note: (1) NA not applicable. (2) Age was measured in mean, whereas all other variables were measured in percentage. (3) Except for the total sample whose
unweighted proportion was calculated across sleep hours, unweighted percentages for all other variables were calculated within each sleep hour group.
(4) Except for the variable death, all other variables were measured at baseline wave in 2008. (5) p values were based on chi-square tests (for categorical variables)
except for mean age that was derived from analysis of variance
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participants used to sleep 7–8 h per day, the highest fre-
quency of sleep duration, followed by those with sleep-
ing 10h hours (nearly 30%), 6 h (13.6%), less than 5 h
(11.8%), and 9 h (8.4%). Nearly 88% of the participants
often eating vegetable. About 60% of the participants
died 6 years later after interview in 2008. The weighted
distributions were mildly different and presented in Ap-
pendix (see Table A1).
Table 2 presents the associations of vegetable con-

sumption and sleep duration with mortality in term of
relative hazards (RH) under different models controlling
for different covariates. Model I shows that compared to
normal sleep duration hours (7–8 h/day), sleeping ≤5 h/
day, sleeping 6 h/day, and sleeping ≥10 h/day were

associated with 18% (RH= 1.18, p < 0.001), 14% (RH=
1.14, p<0.001), and 30% (RH = 1.30, p < 0.001) higher
risk of mortality, respectively when only demographics
were adjusted for. Model II shows that older adults who
reported a high frequency of vegetable consumption had
a 22% lower risk of mortality (RH = 0.78, p < 0.001) than
those reporting a low frequency when only demographic
factors were controlled for. Models III and IV reveal that
the associations were only slightly altered when these
two variables simultaneously present in modeling in
addition to controlling for socioeconomic factors, fam-
ily/social support, and health practice. When health con-
ditions were further controlled for in Model V, the
associations of sleep duration and vegetable

Table 2 Relative hazards of subsequent mortality by sleep duration (per day) and vegetable consumption, CLHLS, the 2008–2014
panel

Model I Model II Model III Model IV Model V

Sleeping hours/day

≤ 5 h (7–8) 1.18*** 1.15*** 1.15*** 1.08*

6 h (7–8) 1.14*** 1.13** 1.12** 1.08*

9 h (7–8) 1.06 1.07 1.08 1.09+

≥ 10 h (7–8) 1.30*** 1.29*** 1.27*** 1.18***

Frequency of vegetable consumption

High (low) 0.78*** 0.80*** 0.82*** 0.91*

Covariates

Demographics

Age (mean, years) 1.08*** 1.08*** 1.07*** 1.07*** 1.06***

Men (women) 1.24*** 1.25*** 1.34*** 1.44*** 1.52***

Urban (rural) 0.88*** 0.89*** 0.94* 0.97 0.93**

Socioeconomic factors

1+ years of schooling (0) 0.95 0.97 1.02

Economic independence (no) 0.71*** 0.77*** 0.78***

Professional occupation (no) 1.09+ 1.11* 1.07

Access to healthcare (no) 0.90** 0.91* 0.95

Family/Social support

Currently married (no) 0.80*** 0.81***

Close proximity to children (no) 1.09* 1.07*

Health practice

Doing regular exercise (no) 0.92* 0.96

Currently smoking (no) 0.69*** 0.78***

Health condition

ADL disabled (no) 1.60***

Cognitively impaired (no) 1.47***

Self-reported good health (no) 1.16***

N (observations) 20,774 20,774 20,774 20,774 20,774

-log likelihood 15,763.3*** 15,997.0*** 15,681.2*** 15,566.0*** 15,209.9***

Note: Relative hazards were obtained from parametric survival analyses. The category of each variable in the parentheses is the reference group of that variable.
***p < 0.001, **p < 0.01, *p < 0.05, +p < 0.1
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consumption with mortality were mildly or moderately
attenuated, yet they were still statistically significant. For
example, RHs were reduced to 1.08 (p < 0.05) and 1.18
(p < 0.001) for sleep durations of ≤5 h/day and ≥ 10 h/
day, respectively; and HR was reduced 0.91 (p < 0.05) for
high frequency of vegetable.
Panel A of Table 3 presents HRs of mortality for sleep

duration and frequency of vegetable when they were
simultaneously included in the full model as independ-
ent variables for the total sample and for different sub-
groups by sex (men and women), age (young older
adults and oldest-old adults), urban/rural residence, and

educational level (illiterate and literate). Panels B and C
of Table 3 present the interaction between sleep dur-
ation and vegetable consumption in associating with
subsequent mortality risk in the same full model and
subpopulations as those in Panel A. Several findings care
be summarized as follows.
First, the results without interaction (Panel A) indicate

that the association between sleep duration and mortal-
ity was stronger in women, oldest-old adults, urban
older adults, and illiterate older adults than their re-
spective counterpart men, young older adults, rural older
adults, and illiterate older adults.

Table 3 Relative hazards of mortality for the interaction between sleeping hours (per day) and vegetable consumption, CLHLS, the
2008–2014 panel

Total Women Men Young
old

Oldest old Rural Urban Illiterate Literate

Panel A

≤ 5 h and not often eating vegetables 1.08* 1.09+ 1.08 0.89 1.09* 1.07 1.11 1.08+ 1.07

6 h and not often eating vegetables 1.08* 1.11* 1.05 1.03 1.08* 1.06 1.14* 1.08 1.10

7–8 h and not often eating vegetables 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

9 h and not often eating vegetables 1.09+ 1.19** 0.96 0.79 1.11* 1.10 1.06 1.13* 0.98

≥ 10 h and not often eating vegetables 1.18*** 1.21*** 1.13** 1.16 1.18*** 1.15*** 1.21*** 1.19*** 1.13*

High frequent intake of vegetables (low) 0.91** 0.96 0.82*** 0.95 0.90** 0.96 0.83*** 0.92* 0.85*

Panel B

≤ 5 h and not often eating vegetables 1.33*** 1.44** 1.19 1.00 1.33** 1.33** 1.32+ 1.37** 1.15

6 h and not often eating vegetables 1.08 1.09 1.05 1.52 1.04 1.00 1.20 1.10 1.03

7–8 h and not often eating vegetables 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

9 h and not often eating vegetables 0.90 0.91 0.85 0.75 0.90 0.88 0.96 1.04 0.60+

≥ 10 h and not often eating vegetables 1.33*** 1.42*** 1.20 1.27 1.34*** 1.23* 1.46** 1.32** 1.30+

≤ 5 h and often eating vegetables 1.02 1.10 0.89 0.94 1.02 1.02 1.02 1.03 0.95

6 h and often eating vegetables 1.07 1.21* 0.89 1.05 1.08 1.07 1.07 1.09 1.00

7–8 h and often eating vegetables 0.99 1.09 0.85+ 1.07 0.98 1.01 0.95 1.01 0.90

9 h and not eating vegetables 1.09 1.33** 0.83+ 0.85 1.12 1.14 1.02 1.15+ 0.93

≥ 10 h and often eating vegetables 1.13* 1.27** 0.95 1.24 1.13* 1.16+ 1.11 1.18* 0.98

Panel C

≤ 5 h and not often eating vegetables 1.34*** 1.32** 1.40** 0.94 1.35** 1.31** 1.38** 1.36** 1.29+

6 h and not often eating vegetables 1.10 1.02 1.24 1.42 1.06 0.99 1.27+ 1.09 1.15

7–8 h and not often eating vegetables 1.01 0.92 1.18+ 0.93 1.02 1.00 1.05 0.99 1.12

9 h and not often eating vegetables 0.91 0.84 1.00 0.70 0.92 0.87 1.00 1.02 0.66

≥ 10 h and not often eating vegetables 1.35*** 1.30*** 1.42*** 1.18 1.36*** 1.22* 1.53*** 1.29*** 1.45*

≤ 5 h and often eating vegetables 1.03 1.01 1.06 0.88 1.03 1.00 1.07 1.02 1.06

6 h and often eating vegetables 1.08+ 1.11+ 1.05 0.98 1.09* 1.06 1.13+ 1.07 1.11

7–8 h and often eating vegetables 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

9 h and not eating vegetables 1.11* 1.22** 0.98 0.79 1.14* 1.13+ 1.07 1.13* 1.04

≥ 10 h and often eating vegetables 1.15*** 1.17*** 1.12* 1.15 1.15*** 1.14** 1.17** 1.17* 1.10

N (observations) 20,774 11,693 9081 6003 14,771 11,984 8790 13,017 7757

Note: Relative hazards were obtained from parametric survival analyses. The reference group in Panel B is “7–8 h and not often eating vegetables”, whereas the
reference group in Panel C is “7–8 h and often eating vegetables.” All models controlled for all covariates in Table 1. Relative hazards for all covariates were not
presented. ***p < 0.001, **p < 0.01, *p < 0.05, +p < 0.1
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Second, there is a double jeopardy for too short and
too long sleep durations if they were combined with in-
frequent intake of vegetables. For example, among the
participants with low frequency of vegetable consump-
tion, those with ≤5 h/day or with ≥10 h/day had a 33–
35% more risk of mortality compared to those who used
to sleep 7–8 h/day with either frequent or infrequent in-
take of vegetables. The increased RHs were 1.08 for too
short sleep (≤ 5 h/day) and 1.18 for too long sleep (≥10
h/day) when the interaction of these two factors was
considered. Such double jeopardy was also valid in sub-
populations except among young older adults.
Third, among those with short sleep duration (≤ 5 h/

day), their higher mortality risk could be diminished by
frequent intake of vegetables. This is universal across
subpopulations except among young older adults. How-
ever, among those with long sleep duration (≥10 h/day),
the higher mortality risk persisted if they used to fre-
quently eat vegetables, although the higher mortality risk
seemed slightly lower compared to the case when the
interaction term was not taken into account. These find-
ings imply that eating more vegetables could benefit
more for those with short sleep hours.
Fourth, among those sleeping 7–8 h/day, the frequency

of intake of vegetables was not associated with mortality.
This indicates that whether often having vegetables or
not-often having vegetables had no impact on mortality
risk of older adults as long as they used to sleep 7–8 h
daily. In other words, eating more vegetables or eating
less vegetables would not reduce or increase mortality
risk among older adults with sleeping 7–8 h per day.

Discussion
To our knowledge, this is the first study to explore asso-
ciations of sleep duration, vegetable consumption, and
their interactions on all-cause mortality in a large
population-based perspective cohort study of Chinese
older adults. The results reveal that both short (≤5 h/
day) and long (≥10 h/day) sleep durations were associ-
ated with increased risks of mortality, compared to 7–8
h/day. We also found that the high frequency of vege-
table consumption was associated with substantially
lower mortality risk. These associations were stronger in
female, oldest-old, urban, and illiterate participants.
Moreover, a significant multiplicative interaction be-
tween vegetable consumption and sleep duration on
mortality risk was detected. A low frequency of vegetable
consumption combined with short or long sleep hours
could have a double jeopardy of mortality, although a
high frequency of vegetable intake could reduce mortal-
ity risk among participants with short sleep duration.
The findings are valid in all subgroups except for
ages 65–79 in which both the sleeping duration and
the frequency of vegetable consumptions were not

statistically associated with mortality. These findings
well support that health behavioral factors interact
each other to jointly influence health outcomes as
reflected in CCAM [21].
Our finding is consistent to the existing literature [48–

53]. For instance, a meta-analysis found globally adverse
effects of a long sleep duration on mortality and moder-
ately adverse effects of a short sleep duration only on
mortality in North American populations [2]. Several
other studies on Chinese middle-aged or older adults in
Hong Kong [51] and Shanghai [4] found that a pro-
longed rather than a shorter sleep duration was more
significantly associated with increased mortality even
controlling for participants’ health status. One study
using the 2005 and 2008 waves of the CLHLS confirmed
such pattern in older women and at oldest-old ages [18].
Besides, several meta-analyses provided solid evidence
that a higher consumption of vegetables is associated
with a lower risk of all-cause mortality [54, 55]. Some
empirical studies also confirmed that vegetable con-
sumption was inversely associated with risk of all-cause
mortality among older adults in China [22, 23]. Al-
though the interaction effect of vegetable consumption
with sleep hours revealed by our study on mortality has
not been empirically reported in the existing literature, it
partially coincided with many prior studies on the direc-
tional associations of vegetable consumption to sleep
duration or to mortality, respectively [9–14, 22, 23, 54,
55]. The existing literature has also documented that
higher prevalence of mortality risk linked to sleep disor-
ders or a low vegetable consumption was more likely to
be found among disadvantaged older adults, such as
women, the oldest-old, the less educated and so on due
to their low socioeconomic status and poor health status
[56].
Several mechanisms have been suggested to explain

the associations among sleep durations, vegetable con-
sumption, and mortality. An adequate sleep duration is a
basic guarantee for normal immune function. However,
as for a long sleep duration, some studies demonstrated
that a long sleep duration has been associated with fa-
tigue, lower immune function, changing in cytokine
levels, depression, underlying disease process or physio-
logical reduction of the photoperiod, which could lead
to increased mortality [4, 57]. As for a short sleep dur-
ation, insufficient sleep hours could damage the immune
system, which is more likely to cause body dysfunctions
[58] and increase risk for chronic health conditions [33,
59], such as hypertension [60], cardiovascular disease
[61], type 2 diabetes [62], and obesity [63]. Besides, lim-
ited sleep hours may also gradually change certain neu-
roendocrine systems and sensitize individuals to stress-
related disorders, like depression [64]. All these adverse
health outcomes are main risk factors for mortality
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among older adults. Vegetable is an important source of
micro-nutrients with antioxidant, polyphenols, caroten-
oids, vitamin C, fiber, potassium, flavonoids, and other
and other biologically active properties [22, 23], which
are proved to act synergistically through numerous
biological mechanisms to prevent against a wide
range of chronic diseases and premature mortality
[13, 14]. For instance, vegetable intakes have been
shown to reduce blood pressure, cholesterol levels, in-
flammation and to stimulate vascular and immune
functioning [65]. Vegetables may also have a benefi-
cial effect on modulating steroid hormone metabolism
and concentrations. Additionally, antioxidants in vege-
tables may help to neutralize reactive oxygen species
[66].
Though mechanism underlying the association be-

tween interaction effect of sleep duration and vegetable
consumption on mortality risk remains unclear, some
potential pathways can be suggested. First, since both an
extreme sleep duration and a low frequency of vegetable
consumption would increase risk of mortality respect-
ively, it is reasonable to infer that interaction of an ex-
treme sleep duration and a low frequency of vegetable
could trigger a double jeopardy of mortality. Second,
some mechanisms have been proposed of the reciprocal
association between sleep disruption and vegetable in-
take that may subsequently lead to reverse health out-
comes or even mortality. On one hand, laboratory
studies have suggested that disrupted sleep would
change appetite-related hormones ghrelin and leptin,
which may increase the preference for energy-dense
foods probably leading to lower consumption of vegeta-
bles [67]. Some experimental studies also found that
both short and long sleep duration may impair energy
homeostasis through unhealthy dietary patterns, causing
lower vegetable intake [68, 69]. On the other hand, sleep
serves as an important role in protecting the human
body against the harmful impacts of free radicals caused
by a high metabolic rate during waking times [66]. It
was previously suggested that metabolic rate during
sleeping time appears much lower than awake time,
when providing an opportunity to re-generate the en-
zymes influenced by free radical [70]. In this regard, veg-
etables with antioxidant components are expected to
maintain the regular sleep-wake cycles by improving
mitochondrial function and energy metabolism through
decreasing protein content, which may lead to a reduc-
tion in the synthesis of brain sleep inductors and sleep
parameters [71].
Third, mortality protective benefits of frequent vege-

table intake may mitigate mortality risk brought by short
sleep duration. As noted in the literature, short sleepers
are more likely to take energy- and fat-dense food [72].
Saturated fat intake is associated with risk of increased

all-cause mortality and risk of mortality from athero-
sclerotic vascular disease [73]. Frequent vegetable intake
among short sleepers may reduce their fat intake and
mitigate the burden of fat on mortality risk. Some stud-
ies found that a combination of high fruit and vegetable
and low saturated fat intakes was protective against mor-
tality, while consuming either low saturated fat or high
fruit and vegetables alone was not associated with lower
mortality risk, compared to those having neither satu-
rated fat nor fruit and vegetables [74]. Adherence to fre-
quent vegetable intake or greater vegetable intake may
help adjust extreme sleep durations to the recommended
level [75] and improve sleep quality without changing
sleep duration [76, 77].
Another interesting finding is that young-old adults ap-

pear to be escapers from risk or double jeopardy of mor-
tality by extreme sleep hours and/or a low frequency of
vegetable intake. The lack of association between sleep
duration or frequency of vegetable consumption among
young-old adults is somewhat consistent with previous
studies. For example, a prior Chinese study showed short
sleep was not associated with mortality among young-old
adults aged 65–79 [18]. It is possible that dramatic ampli-
tude reduction and increase in frequency of delta waves,
which are closely linked to sleep duration and its subse-
quent reverse health outcomes, are more likely among
the oldest-old, rather among young-old adults [18]. An-
other Swedish study found that the sleep duration was
not associated with 13-year mortality among adults aged
65 and over [78]. One recent meta-analysis further
showed that shorter sleepers (groups with less than 7 h/
day) were not associated with mortality compared to
those with 7 h/day in 40 studies [79]. One Japanese study
revealed that mortality risk was not statistically different
among young-old adults aged less than 75 years between
those who had a healthy diet (mainly composed of vegeta-
bles, seaweed, fish) and those who had a greasy diet
(mainly composed of meat and fat) [65]. Young-old adults
may still maintain some biological advantage compared
to oldest-old adults that enable them to be immune from
threats of short sleep and low frequency vegetables intake.
Nevertheless, the reasons of lack of association among
young-old adults are unclear, and more research is war-
ranted to shed light on it.
This study bears the following limitations. First, it re-

lied on self-reported sleep duration, which may have
measurement errors. However, it is challenging and ex-
pensive to assess sleep duration by using actigraphy for
thousands of very old participants from a large epi-
demiological survey. Furthermore, daytime naps were
not separately modeled from the nocturnal sleep dur-
ation due to unavailability of data in the CLHLS. Al-
though some studies suggested their similar associations
with certain health outcomes [80], some other studies
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suggested their dissimilarity in linking with different
health outcomes [35–37]. Future studies distinguishing
these two types of sleep are clearly warranted. Similarly,
our assessment of vegetable consumption was mainly
based on the self-reported information on frequency in-
take of vegetables with a single overall question. No de-
tailed dietary consumption information was collected
including the amount/type of vegetables, which may
limit the generalizability of our results. Applications
using a structural questionnaire to collect more detailed
dietary information is certainly needed to better reflect
the individual dietary pattern.
Second, sleep quality was not modeled. There is plenty

of evidence showing that sleep quality is strongly linked
with mortality [18], which may confound the linkages
between mortality and sleep duration and dietary pat-
tern. Thus, the present study examined very basic sleep-
ing and dietary patterns among Chinese older adults.
Tea- or coffee- drinking behaviors and their timing
could affect sleep patterns. Future research should con-
duct standard methods to capture more informative pat-
terns of dietary and sleeping behaviors. Relatedly, in the
present study, we only examined the interaction effect
between sleep duration and vegetable intake on mortal-
ity. Future research is needed to disentangle the moder-
ate role of vegetable consumption in the linkage
between sleep duration and mortality and the moderate
role of sleep duration in the linkage between vegetable
intake and mortality. Third, the study has several un-
measured confounders including sleep related disorders
(e.g. insomnia), sleep medication use, and other under-
lying diseases may also affect both sleep duration and
mortality. However, prior studies found that even after
controlling for insomnia, daily napping, sleep apnea, use
of sleep medications and many other confounders, an
extreme sleep duration was still associated with in-
creased all-cause mortality [81]. Thus, the biases of our
present study would not be substantial.
Despite limitations, our study made contribution to

the existing literature. Our study extended the findings
of sleep duration effect on mortality to adults at very old
groups aged over 80 years with a focus on the interaction
between vegetable intakes and sleep durations, des-
pite most of relevant studies focusing on younger age
groups. We examined the interactions among various
subpopulations and found that the effects differed across
the subpopulations and more pronounced among more
vulnerable populations such as women, the oldest-old,
and the illiterate. These findings could have important
implications for implementing person-centered interven-
tion programs and policies among Chinese older adults
for achieving healthy aging. First, families and public
health practitioners should pay attention to the potential
adverse prognosis of extreme sleep durations and low

vegetable intakes associated with mortality risk among
older adults, particularly among the vulnerable groups of
women, the oldest-old, and the illiterate. Second, given
higher mortality risk among older adults living in rural
areas who have extreme sleep durations and a low vege-
table consumption, our finding may have important im-
plications for promoting rural residents’ sleep and diet
habits to mitigate mortality risk and reduce rural-urban
health disparity, which is one objective of the newly
launched nationwide project on Rural Revitalization
guided by the Chinese Central Government [82]. Third,
our findings also have some implications for future aca-
demic research. According to the CCAM model, instead
of simply focusing on regulating older adults’ sleeping
behaviors directly, more comprehensive and indirect
intervention strategies should be designed, such as diet-
ary therapies (e.g., high fiber diet) to reduce sleep-
related mortality risk. Furthermore, further research
should disentangle the interaction effect of sleep during
and vegetable intake on mortality so that more specific
recommendations to implement preventative and thera-
peutic strategies. In addition, it would be interesting to
investigate possible biological and psychosocial mecha-
nisms underlying the linkage between the interaction of
sleep and vegetable consumption on mortality among
older adults. Findings on the difference in the interac-
tions among subpopulations also suggest a stratification
of analysis.

Conclusion
This 6-year follow-up prospective cohort study showed
that associations between sleep duration and all-cause
mortality among Chinese older adults turned out to be
independent, net of a wide set of major covariates, and
that the magnitude of the association was stronger for
longer sleep durations than the shorter ones. Addition-
ally, a significant interaction role of a high frequency of
vegetable consumption in buffering negative effects of
excessive sleep durations was found among women, the
oldest-old, or the illiterate. These findings suggest that
vegetable consumption can be a protective factor helping
to alleviate the adverse effect of abnormal sleep dura-
tions on mortality risk.
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