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Abstract

Background: Adherence to a healthy lifestyle is associated with substantially lower risks of mortality from all
causes, cardiovascular diseases, and cancer in white populations. However, little is known about the health benefits
among non-white populations. Also, no previous studies have focused on respiratory disease mortality in both
white and non-white populations. We assessed the relationships between a combination of healthy lifestyle factors
and multiple death outcomes in Chinese adults.

Methods: This study included 487,198 adults aged 30-79 years from the China Kadoorie Biobank without heart
disease, stroke, and cancer at study enrolment. We defined five healthy lifestyle factors as never smoking or
smoking cessation not due to illness; non-daily drinking or moderate alcohol drinking; median or higher level of
physical activity; a diet rich in vegetables, fruits, legumes and fish, and limited in red meat; a body mass index of
185 to 27.9 kg/m? and a waist circumference < 90 cm (men)/85 cm (women). Cox regression was used to produce
adjusted hazard ratios (HRs) relating these healthy lifestyle factors to all-cause and cause-specific mortality.

Results: During a median follow-up of 10.2 years (IQR 9.2-11.1), we documented 37,845 deaths. After multivariable
adjustment, the number of healthy lifestyle factors exhibited almost inverse linear relationships with the risks of all-
cause and cause-specific mortality. Compared with participants without any healthy factors, the hazard ratio of
participants with five healthy factors was 0.32 [95% confidence interval (Cl): 0.28, 0.37] for all-cause mortality. The
corresponding HRs in specific cause of death were 042 (95% Cl: 0.26, 0.67) for ischaemic heart disease, 0.21 (95% ClI:
0.09, 0.49) for ischaemic stroke, 0.37 (95% Cl: 0.22, 0.60) for haemorrhage stroke, 0.36 (95% Cl: 0.29, 0.45) for cancer,
0.26 (95% Cl: 0.14, 0.48) for respiratory diseases, and 0.29 (95% Cl: 0.22, 0.39) for other causes. Theoretically, 38.5%
(95% CI: 33.0, 43.8%) of all-cause mortality was attributable to nonadherence to a healthy lifestyle, and the
proportions of preventable deaths through lifestyle modification ranged from 26.9 to 47.9% for cause-specific
mortality.
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Conclusions: Adherence to a healthy lifestyle was associated with substantially lower risks of all-cause,
cardiovascular, respiratory, and cancer mortality in Chinese adults. Promotion of a healthy lifestyle may considerably
reduce the burden of non-communicable diseases in China.
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Introduction

Non-communicable diseases (NCDs), once considered
“diseases of affluence”, have now encroached on low- and
middle-income countries, where three quarters of world-
wide NCD deaths occurred [1]. In China, more than eight
out of ten deaths are caused by NCDs, with ischaemic
heart disease (IHD, 15%), cerebrovascular disease (21%),
cancer (23%), and chronic respiratory diseases (12%) pos-
ing the greatest threat [2]. With the development of drug
therapy for NCDs, more people are living with chronic
conditions. However, escalating treatment expenditure is
becoming unbearable, especially for poorer countries [3].
Were we to still rely heavily on treatment, global health
resources would be inadequate to tackle the growing epi-
demic. Hence, population-wide primary prevention tar-
geted at reducing exposure of risk factors should be the
overarching priority for the response to this global crisis.

The combined impact of lifestyle factors, including to-
bacco smoking, excessive alcohol intake, physical inactivity,
unhealthy diet, and obesity, on mortality has been prospect-
ively evaluated mostly in western populations [4-6]. A
meta-analysis showed that a combination of at least four
healthy lifestyle factors lowered the all-cause mortality risk
by 66% [7]. Some studies also demonstrated considerably
lower risks of cardiovascular and cancer mortality ascribed
to a healthy lifestyle [8—14]. However, no prior studies have
focused on respiratory disease mortality, which is thought
to be closely linked to infection, occupational hazards, and
ambient and household air pollution in low- and middle-
income countries. It is uncertain to what extent respiratory
disease mortality is attributable to unhealthy lifestyle in this
population. Also, there exist racial/ethnic disparities in dis-
ease subtype composition. For example, East Asia, notably
China, has higher stroke incidence and a higher proportion
of haemorrhagic stroke [15]. The effectiveness of lifestyle
modification strategy in NCD prevention among non-white
populations remains to be investigated.

The present study used data from the China Kadoorie
Biobank (CKB) study, a nationwide prospective cohort of
0.5 million adults. We aimed to examine the associations
of a combination of healthy lifestyle factors with the risks
of all-cause and cause-specific mortality, and estimate the
proportion of deaths that could theoretically be prevented
through lifestyle modification during a 10-year period.
Specifically, we sought to gain an insight into the possibly
different impacts on specific causes of death.

Methods

Study population

The CKB cohort was established during 2004—-2008 in 10
geographically diverse areas of China, including five urban
and five rural areas. Detailed descriptions of the CKB co-
hort have been previously published [16, 17]. All partici-
pants provided written informed consent, completed
interviewer-administered questionnaires, and had physical
measurements taken. Trained staff entered baseline infor-
mation directly into a laptop-based data entry system de-
veloped with built-in functions to avoid missing items and
minimise logic errors during the interview. The study re-
ceived approval from the Ethical Review Committee of the
Chinese Centre for Disease Control and Prevention
(Beijing, China) and the Oxford Tropical Research Ethics
Committee, University of Oxford (UK).

Overall, a total of 512,714 participants 30-79 years of
age were eligible for inclusion. We excluded participants
with self-reported clinician diagnosis of heart disease
(n=15,472), stroke (1 = 8884), or cancer (n =2578), and
those who had missing data for body mass index (BMI,
n =2), leaving 487,198 participants for the current ana-
lyses. For death from respiratory diseases, we addition-
ally excluded participants with chronic obstructive
pulmonary disease (COPD, n = 37,055), which was ascer-
tained based on clinical diagnosis of emphysema or
bronchitis prior to the baseline survey and pulmonary
function test at the time of enrolment [18], leaving 452,
657 participants for this part of analysis.

Assessment of lifestyle factors
Baseline questionnaire and physical measurement
assessed the lifestyle factors of interest. Inquiry on to-
bacco smoking included smoking status (never, former,
or current smoker); ever smokers were then asked for
the frequency, type, and amount of tobacco smoked per
day, and former smokers were additionally asked for
years since quitting and the reason for smoking cessa-
tion. Questions about alcohol intake included typical
drinking frequency (never, occasionally, monthly, weekly,
or daily); drinkers with the frequency of at least once a
week were further asked for the type of alcoholic bever-
age drunk habitually, and the volume of alcohol drunk
on a typical drinking day in the past 12 months.
Information on physical activity was obtained by ask-
ing participants about their usual type and duration of
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activities in each of the four domains (occupational,
commuting, domestic, and leisure-time) in the past 12
months. We calculated the total physical activity level by
multiplying the metabolic equivalent tasks (METs)
value for each activity by hours spent on that activity
per day and summing the MET-hours for all activities
[19] (see Additional file 1: Supplementary Material
S2 and S3). Habitual dietary intakes during the past
year were assessed via a validated qualitative food
frequency questionnaire (see Additional file 1: Supple-
mentary Material S4 and S5), which covered 12 major
food groups in China. Each food group was provided
with five frequency categories to choose from (never/
rarely, monthly, 1-3days/week, 4-6days/week, or
daily). Trained staff using calibrated instruments mea-
sured standing height, body weight, and circumferences
of waist and hip. BMI was calculated as weight divided
by height squared (kg/m?).

Assessment of covariates

Covariate information was obtained from the baseline
survey as well, including sociodemographic characteris-
tics, personal and family medical history, and women’s
reproductive information. Participants who reported at
least one first-degree relative suffered from acute myo-
cardial infarction, stroke, or cancer were considered as
having a family history of corresponding disease. Preva-
lent hypertension was defined as measured systolic blood
pressure > 140 mmHg, or measured diastolic blood pres-
sure > 90 mmHg, or self-reported diagnosis of hyperten-
sion, or self-reported use of antihypertensive medication
at baseline. Prevalent diabetes was defined as self-
reported diabetes or screen-detected diabetes at baseline.
Missing rates for menopausal status and three types of
family history were < 1%, and no other exposures or co-
variates contained missing values. The missing values
were categorised into a “missing” group when analysing.

Definition of healthy lifestyle

We considered five lifestyle factors that have proved to
be closely related to the risks of cardiovascular diseases
(CVDs) and diabetes in our population [20, 21], namely,
smoking, alcohol intake, physical activity, diet, and body
shape. Lifestyle factors were deemed protective on the
basis of previous studies, existing guidelines [22, 23], and
their impacts on the present population. Healthy group
regarding smoking behavior was defined in accordance
with the recommendation that emphasizes the import-
ance of not smoking and urges smoking cessation. We
excluded those who had quit smoking because of illness,
otherwise, it could lead to a misleadingly high risk in
former smokers. The healthy group for alcohol intake
comprised never-regular drinkers, weekly drinkers, and
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moderate daily drinkers (i.e., drinking <30 g of pure al-
cohol in men and < 15 g in women per day).

For physical activity, groups were dichotomized based
on the age- (<50 years, 50-59 years, and > 60 years) and
sex-specific median of total physical activity level, with
the higher half constituting the healthy group. For diet,
based on suggestions from the Chinese Dietary Guide-
lines [22] and in accordance with the previous findings
[24], we considered five food groups, including fresh
vegetables, fresh fruits, red meat, legumes, and fish. A
simple diet score was created according to the criteria as
follows: eating vegetables daily, eating fruits daily, eating
red meat 1-6 days per week, eating legumes >4 days per
week, eating fish >1 day per week. For each food group,
the participant who met the criterion received a score of
1, and otherwise received a score of 0. Therefore, the
diet score ranged from 0 to 5. Participants who scored 4
to 5 were classified to be in the healthy group. For body
shape, both body weight and body fat were taken into
account, as a reflection of energy balance [25]. Partici-
pants having a BMI between 18.5 and 27.9 kg/m? as well
as a WC <90 cm in men and < 85 cm in women consti-
tuted the healthy group [23], emphasizing avoidance of
extremely high or low weight and abdominal obesity.

The number of the healthy lifestyle factors was counted,
with a range from 0 (unhealthiest) to 5 (healthiest).

Ascertainment of deaths

All ten study areas are covered by the Chinese Disease
Surveillance Points system [26, 27], which provides
cause-specific mortality data. Linkages with DSP death
registries and local residential records, combined with
annual active follow-up, were used to ascertain partici-
pants’ vital status. All deaths were coded using the 10th
International Classification of Diseases by trained staff,
who were blinded to baseline information. The main
outcomes in the analyses were all-cause mortality, as
well as mortality resulting from IHD (I20-125), ischaemic
stroke (I63), haemorrhagic stroke (I61), cancer (C00-
C97), respiratory diseases (J00-J99), and all other causes.

Statistical analysis

Person-years at risk were calculated from the date of
the baseline survey to the date of death, loss to follow-
up, or December 31, 2016, whichever came first. We
used stratified Cox proportional hazard models, with
age as the underlying time scale, to estimate the hazard
ratios (HRs) and 95% confidence intervals (CIs) for the
associations of individual and combined lifestyle factors
with risks of all-cause and cause-specific mortality. The
proportional hazards assumption was checked by com-
paring the HRs for the first and second half of the
follow-up period.
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Multivariable models were stratified jointly by study
area and age at baseline in 5-year intervals, and adjusted
for sex, education, marital status, hip circumference,
family histories of heart attack, stroke, or cancer, and
menopausal status (only in women) at baseline. When
analysing individual lifestyle factors, all the lifestyle fac-
tors were included simultaneously. We included hip cir-
cumference in the model because prior studies
suggested adjustment for hip circumference may allow a
more precise estimation of the detrimental effects of vis-
ceral adipose tissue which was measured by waist cir-
cumference [28]. Several sensitivity analyses were
conducted to examine the robustness of our results: (1)
further adjusting for potential confounders including so-
cioeconomic status (household income and occupation),
or metabolic risk factors (hypertension and diabetes); (2)
excluding underweight participants (BMI < 18.5 kg/m?);
and (3) excluding deaths occurring during the first 2
years of follow-up.

To quantify the contribution of unhealthy lifestyle to
the burden of disease, we calculated population attribut-
able risk percent (PAR%), which can be interpreted as
the proportional reduction in population mortality that
would have occurred during follow-up if all participants
had adopted a healthy lifestyle. The multivariable-
adjusted PAR% and 95 Cls were estimated using a previ-
ously proposed method [29]. As PAR% is a population-
specific calculation that combines both relative risks and
prevalence of risk factors, we further performed strati-
fied analyses by sex, age, education, household income,
residence, family history, and baseline status of hyper-
tension and diabetes. In sensitivity analyses, we excluded
ever smokers, underweight participants, and deaths that
occurred during the first 2 years of follow-up.

The calculation of PAR% was performed using SAS
(version 9.4, SAS Institute Inc.), and all other statistical
analyses were performed using Stata (version 15.0,
StataCorp).

Results

Of the 487,198 participants, the mean age at baseline
was 51.5years (SD 10.5) and 287,958 (59.1%) were
women. Overall, the proportions of healthy group for
each lifestyle factor were 70.6% for smoking, 92.9% for
alcohol intake, 49.8% for physical activity, 8.5% for diet,
and 71.1% for body weight and fat. Over 90% of partici-
pants had two to four healthy lifestyle factors, while only
2.1% had all five factors (Table 1). Women were more
likely than men to adopt a healthy lifestyle, despite a
slightly higher prevalence of obesity. With the increase
in the number of healthy lifestyle factors, participants
were younger, more educated, and less likely to be
hypertensive or diabetic.
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During a median follow-up of 10.2 years (a total of 4.8
million person-years), we documented 37,870 deaths, in-
cluding 5116 from IHD, 1578 from ischaemic stroke, 4503
from haemorrhagic stroke, 12,620 from cancer, and 3655
from respiratory diseases (1833 remained after excluding
participants with prevalent COPD at baseline). After adjust-
ment for potential confounders, non-smoking, higher levels
of physical activity, and higher diet score were associated
with lower risk of all-cause mortality (Additional file 1:
Table S1). For body shape, the lowest risk occurred in those
with a BMI of 18.5-27.9 kg/m?> and absence of abdominal
obesity; both underweight and general and/or abdominal
obesity were associated with higher risk. For alcohol intake,
a J-shaped association was seen, with the lowest risk of all-
cause mortality for those consuming 1-15g per day. In
general, similar associations were observed for cardiovascu-
lar (Additional file 1: Table S2) and non-cardiovascular
mortality (Additional file 1: Table S3), although with a few
exceptions. For instance, light to moderate alcohol intake
appeared to be more protective against IHD mortality,
whereas heavy alcohol intake had more pronounced ad-
verse effect on mortality from haemorrhagic stroke and
cancer. Besides, the higher risk of cancer mortality was pri-
marily seen among underweight participants, but that of
stroke mortality was primarily seen among obese
participants.

When healthy lifestyle factors were considered separ-
ately, all of them were associated with lower risk of all-
cause mortality (Table 2). However, some causes of
death were not significantly associated with non-
smoking, non-excessive alcohol intake, or healthy dietary
habits. When healthy lifestyle factors were combined, as
shown in Fig. 1, the number of healthy factors exhibited
almost inverse linear relationships with the risks of all-
cause and cause-specific mortality (all P for linear trend
<0.001). In comparison with participants without any
healthy factors, the adjusted HR (95% CI) of participants
who had five healthy factors was 0.32 (0.28, 0.37) for all-
cause mortality. The corresponding HRs in specific
cause of death were 0.42 (0.26, 0.67) for IHD, 0.21 (0.09,
0.49) for ischaemic stroke, 0.37 (0.22, 0.60) for haemor-
rhagic stroke, 0.36 (0.29, 0.45) for cancer, 0.26 (0.14,
0.48) for respiratory diseases, and 0.29 (0.22, 0.39) for
other causes. In the sensitivity analyses, further adjusting
for potential confounders, and excluding underweight
participants or deaths occurring in the first 2 years of
follow-up did not substantially alter the risk estimates
(Additional file 1: Table S4).

We calculated PAR% for individual and combined
lifestyle factors. With regard to all-cause mortality,
the estimated PAR% (95% CI) was 10.6% (9.5, 11.7%)
for tobacco smoking, 1.3% (0.9, 1.7%) for excessive al-
cohol intake, 13.9% (12.9, 15.0%) for lack of physical
activity, 11.8% (8.0, 15.5%) for an unhealthy diet, and
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Number of healthy lifestyle factors H?;gii lé?)tlo I(;I;tgsf De(z/;t]tl(l]so/(l]))Y s
All-cause mortality (n=37 870)
-- 0 (unhealthiest) l 1.00 465 14.83
-1 - 0.83(0.75,0.91) 3916 14.32
-2 = 0.65 (0.59,0.72) 12 564 10.99
-3 = 0.51(0.46,0.56) 14 549 7.26
-4 - 0.41(0.38,0.46) 6078 4.68
-- 5 (healthiest) - 0.32(0.28,0.37) 298 2.83
Ischaemic heart disease (n=5116)
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-5 — 0.42 (0.26, 0.67) 31 0.29
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-0 N 1.00 19 0.61
-1 —a 0.80 (0.49, 1.28) 166 0.61
-2 —a— 0.62(0.39,0.99) 581 0.51
-3 —a— 0.45(0.28,0.71) 597 0.30
-4 —a 0.34(0.21,0.55) 207 0.16
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Haemorrhagic stroke (n=4503)
-0 L] 1.00 46 1.47
-1 —a— 0.69 (0.51,0.94) 379 1.39
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Other causes (n=10 398)
) " 1.00 118 3.76
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Hazard Ratio

Fig. 1 Multivariable-adjusted hazard ratios for all-cause and cause-specific mortality by number of healthy lifestyle factors. Horizontal lines
represent 95% Cl. ‘'n" in parentheses indicates the number of deaths. Multivariable model was adjusted for sex, education, marital status, family
histories of heart attack, stroke or cancer (adjusted for in all-cause mortality and corresponding cause of death), and hip circumference. The linear
trends in the risks of all outcomes with the number of healthy lifestyle factors were statistically significant (all P for linear trend < 0.001)

8.2% (7.5, 8.9%) for extreme weight and abdominal
obesity (Table 2). The combined PAR% of all-cause
mortality due to smoking, lack of physical activity,
and unhealthy diet was 32.2% (26.8, 37.4%), which
rose up to 37.8% (32.4, 42.8%) if additionally consid-
ering extreme weight and abdominal obesity. Further
inclusion of excessive alcohol intake caused little in-
crease in PAR% (38.5%; 95% CI: 33.0, 43.8%) (Table 3).

The risk attributable to all these modifiable lifestyle
factors varied by specific cause of death, ranging from
26.9% (16.7, 36.6%) for cancer to 47.9% (22.7, 67.0%)
for ischaemic stroke.

In the subgroup analyses, broadly similar PAR% esti-
mates were obtained from subgroups stratified according
to sex, age, education, income, residence, and family his-
tory. Nevertheless, the estimated PAR% of all-cause
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Table 3 Multivariable-adjusted population attributable risk percent for all-cause and cause-specific mortality by specific combination

of healthy lifestyle factors

Non-smoking, being physically
active, healthy dietary habits

+ Non-excessive
alcohol intake

+ Healthy body
weight and fat

All-cause mortality 322 (268,374)

Cause-specific mortality

Ischaemic heart disease 36.1 (21.8, 48.9)
Ischaemic stroke 437 (19.3,62.9)
Haemorrhagic stroke 35.7 (159, 52.7)
Cancer 227 (13.2,31.8)
Respiratory diseases 327 (7.3,54.2)

Other causes 30.8 (20.2, 40.7)

378 (324,428) 385 (33.0,43.8)

43.2 (296, 55.2) NA?

474 (230, 66.2) 479 (22.7,67.0)
1(194, 55.7) 405 (20.5, 57.3)

246 (146, 34.2) 269 (16.7, 36.6)

454 (230, 63.3) 458 (22.5, 64.1)

36.2 (25.8,45.8) 36.6 (25.8, 46.4)

Multivariable model was adjusted for sex, education, marital status, family histories of heart attack, stroke or cancer (adjusted for in all-cause mortality and
corresponding cause of death), and hip circumference. All five lifestyle factors were included simultaneously in the same model
*The PAR% of ischaemic heart disease for 5 factors was not available because the estimated relative risk for excessive alcohol intake had a negative coefficient

mortality for five factors among participants with preva-
lent hypertension and/or diabetes at baseline was 41.1%
(34.1, 47.5%), higher than those without both (32.7%;
95% CI: 23.3, 41.6%) (Additional file 1: Table S5). Re-
peated analysis performed among never-regular smokers
exhibited lower estimates for ischaemic stroke and can-
cer than those obtained from the whole cohort (Add-
itional file 1: Table S6). To further rule out the potential
reverse causality, we separately excluded underweight
participants and deaths that occurred in the first 2 years
of follow-up, both of which did not lead to remarkable
changes in PAR% estimates.

Discussion
In this large, nationwide, prospective cohort study of
Chinese adults, each of the five predefined healthy life-
style factors was independently associated with lower
risk of all-cause mortality. In combination, the total
mortality risk for participants who had five healthy fac-
tors was significantly lower, compared with their coun-
terparts in the unhealthiest group. Assuming causal
relationships existed, nearly two-fifths of total deaths in
this population during 10 years of follow-up, including
over two-fifths of deaths from major CVDs and respira-
tory diseases, one quarter of deaths from cancer, and
one-third of deaths from other causes, could have been
prevented through lifestyle modification. The proportion
of theoretically preventable deaths was even higher
among participants with hypertension and/or diabetes.
Consistent with previous studies [4—6, 8—14], our find-
ings indicated a significant inverse relationship between
the number of healthy lifestyle factors and all-cause mor-
tality. However, mortality burden attributable to an un-
healthy lifestyle varied across studies. Pooled analysis of
the Nurses’ Health Study and the Health Professionals
Follow-up Study showed that the PAR% of nonadherence

to never smoking, moderate alcohol intake, moderate to
vigorous physical activity, a healthy dietary pattern, and an
optimal body weight was 60.7% (53.6, 66.7%) for all-cause
mortality [14]. Similar considerable proportional reduc-
tion in all-cause mortality was estimated in British and
European cohorts [8, 11]. However, findings from the
Asian population exhibited lower estimates for all-cause
mortality, about 30% in women and 45% in men [30-33],
which approximated to our results. Proposed explanations
for this Asian-white difference included differences in life-
style and genetic factors. In addition, infection, occupa-
tional and environmental exposure are still major causes
of disease burden in low- and middle-income countries.
In the present study, the mortality burden attributable
to an unhealthy lifestyle was higher for CVD than for
cancer, which is in line with most previous findings [11,
12, 14, 32]. It was estimated that the PAR% of nonadher-
ence to 5 healthy lifestyle factors was 71.7% (58.1, 81.0%)
for CVD mortality in the US population, in contrast to
51.7% (37.1, 62.9%) for cancer mortality [14]. These life-
style factors common to CVD and cancer, however,
yielded different magnitude of effects on each type of
disease. Environmental carcinogens and some infectious
agents, as key underlying causes for cancer, may also re-
sult in the lower PAR% estimate for cancer mortality.
Few studies have addressed the associations between a
combination of lifestyle factors and stroke mortality. The
Singapore Chinese Health Study observed 75% lower risk
of cerebrovascular disease mortality among individuals
with >5 protective lifestyle factors [34]. Findings from the
Japan Collaborative Cohort Study showed the PAR% was
45.0 and 43.4% in men and women, respectively [35]. Due
to limited sample sizes, analyses were not performed sep-
arately for ischaemic and haemorrhagic stroke in these
two studies. Our study which further identified stroke
subtypes for the first time showed that despite the
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differences in pathogenesis, the proportion of deaths at-
tributable to an unhealthy lifestyle were generally similar
between ischaemic stroke and haemorrhagic stroke.

Earlier studies showed a healthy lifestyle also protected
against non-CVD non-cancer mortality [8, 10-12]. To
our knowledge, this is the first study to investigate the
combined effects of lifestyle factors on respiratory dis-
ease mortality, one of the major contributors to the glo-
bal burden of disease. Nearly half of the deaths from
respiratory diseases might have been prevented through
adopting a healthy lifestyle in the present Chinese popu-
lation. Also, in the present study, infectious diseases and
external causes (e.g., injury) accounted for one-third of
the deaths from other causes. The strong gradient for
the lower risk of mortality from other causes suggested
the favourable effects of a healthy lifestyle may be not
limited to NCDs.

Of note, the healthy group for alcohol intake com-
prised only moderate drinkers in some previous studies
(5, 8, 10, 12, 14, 34], while the present analyses included
both non-daily drinkers and moderate drinkers. The ap-
plication of different definitions would generate distinct-
ive estimates of alcohol-attributable burden. Yet, our
data showed that the cardioprotective effect of light to
moderate alcohol intake was counterbalanced by higher
risk of cancer mortality. Recently, the Global Burden of
Disease Study 2016 reexamined the complex association
of alcohol intake with health and concluded that con-
suming zero standard drinks daily minimized the overall
health risk [36], pointing to a need to revisit current al-
cohol control policies. Given the relatively lower preva-
lence of regular drinking in the Chinese population,
especially among women, encouraging moderate intake
of alcohol for abstainers would have an extensive and
uncertain influence. Careful deliberations are required
when making recommendations about alcohol intake.

The chief strengths of our study include its prospective
design, large sample size and a large number of accumu-
lated death cases, which enabled us to comprehensively as-
sess the relationships between a combination of lifestyle
factors and multiple death outcomes. The inclusion of a
geographically dispersed and socioeconomically diverse
population permitted us to examine the associations across
several important subgroups such as residence, sex, age and
education, which makes our results more informative.

This study was also subject to several limitations.
Causal inference with observational data is susceptible to
several possible sources of bias. Some measurement er-
rors were inevitable since the lifestyle behaviours were
self-reported. No separate validation of the questions on
physical activity by comparing directly with a reference
method has been undertaken; however, these questions
were adapted from validated questionnaires used in sev-
eral other studies, with some additional modifications
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after a pilot study. Such misclassification should be non-
differential in prospective studies and tends to attenuate
the associations. The present analyses only used infor-
mation on lifestyle factors collected at baseline, and
could not necessarily account for the impact of long-
term lifestyle patterns. We excluded participants with
prior major chronic diseases, and participants who might
be in poor health conditions manifested by underweight
and dying soon after the start of follow-up. Though
carefully dealt with, reverse causality may be still
present. Besides, residual confounding due to unmeas-
ured or unknown factors cannot be completely ruled out
in observational research. In developing countries in-
cluding China, physical activity is derived mainly from
occupation and housework [37], which together made
up nearly 90% of daily physical activity in the CKB popu-
lation [38]. Therefore, we defined the healthy group
using the total daily physical activity level, instead of the
goal levels recommended by current guidelines which
were based on leisure-time physical activity. Detailed
dietary information was unavailable, and consequently
the association between dietary factors and mortality
may be underestimated.

Conclusions

This large prospective cohort study of Chinese adults
confirmed that a substantial reduction in the burden of
cardiovascular, respiratory diseases and cancer could be
achieved by adherence to a healthy lifestyle pattern. If all
participants had followed this lifestyle pattern, approxi-
mately two-fifths of total deaths during 10 years of
follow-up could have been prevented. In light of rapid
population aging and constrained medical resources in
China and other developing countries, cost-effective
population-wide lifestyle interventions that are afford-
able for most countries could be a better way to respond
to the challenges posed by NCDs.

Supplementary information
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1186/512966-019-0860-z.
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