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Abstract

Background: Simultaneously adhering to multiple healthy lifestyle factors has been related

to up to 90% reduction in type 2 diabetes (T2DM) incidence in White populations; however,

little is known about whether such protective effects persist in other non-White populations.

Methods: We examined the associations of six lifestyle factors with T2DM in the China

Kadoorie Biobank of 461 211 participants aged 30–79 years without diabetes, cardio-

vascular diseases or cancer at baseline. We defined low-risk lifestyle factors as non-

smoking or having stopped for reasons other than illness; alcohol consumption of

<30 g/day; upper quarter of the physical activity level; diet rich in vegetables and

fruits, low in red meat and with some degree of replacement of rice with wheat;

body mass index (BMI) of 18.5–23.9 kg/m2; and waist-to-hip ratio (WHR) <0.90 (men)/

<0.85 (women).

Results: During a median of 7.2 years of follow-up, we identified 8784 incident T2DM. In

multivariable-adjusted analyses, two important risk factors for developing T2DM were

higher BMI and WHR. Compared with participants without any low-risk factors, the haz-

ard ratio [95% confidence interval (CI)] for those with at least three low-risk factors was
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0.20 (0.19, 0.22). Approximately 72.6% (64.2%, 79.3%) of the incident diabetes were attrib-

utable to the combination of BMI, WHR, diet and physical activity. The population attrib-

utable risk percentage (PAR%) of diabetes appeared to be similar for men and women,

and higher among urban, older and obese participants.

Conclusions: Our findings indicate that adherence to a healthy lifestyle may substantially

lower the burden of T2DM in the Chinese population.
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Background

Since 1980, the diabetes burden has shown a faster in-

crease in low- and middle-income countries than in high-

income countries.1 China is heading towards a diabetes

epidemic, with the prevalence rising from 2.5% in 19942

to 11.6% in 2010.3 Such soaring of diabetes prevalence

has paralleled a dramatic shift in dietary behaviour and

lifestyle from traditional, healthy patterns towards un-

healthy patterns.

A series of landmark randomized clinical trials in high-

risk individuals with impaired glucose tolerance have dem-

onstrated that type 2 diabetes (T2DM) could be largely

prevented through dietary and lifestyle modifications,4

which have shown at least similar effectiveness as drug

treatment5 and exhibited sustaining effects for many years

after the intervention period.4 Because long-term pharma-

cologic intervention is costly, only applicable to a specific

high-risk population and may lead to side effects, adher-

ence to a healthy lifestyle remains a mainstream approach

for the prevention of diabetes.6,7

Several modifiable, healthy lifestyle factors consistently

linked to a lower risk of T2DM include lower weight,8

healthy dietary patterns,9 being physically active,10 non-

smoking11 and moderate alcohol consumption.12 In mostly

White populations from the USA, simultaneously adhering

to these healthy lifestyle factors has been related to up to

roughly 90% reduction in T2DM incidence.13–15 Only a

few prospective studies in the Chinese population have

associated healthy lifestyle factors with a lower risk of

incident diabetes.16 However, how much of the burden of

T2DM that could be prevented through adherence to a

combination of healthy lifestyle factors remains unknown

in the Chinese population.

In the current study, we prospectively examined the

joint association of several modifiable dietary and lifestyle

factors with the risk of T2DM and estimated the propor-

tion of the disease that could potentially be prevented by

the adoption of a healthy lifestyle in a large cohort of 0.5

million adult Chinese—the China Kadoorie Biobank

(CKB).17,18

Methods

Study population

The CKB cohort was established during 2004–08, when

512 891 adults aged 30–79 years were enrolled from 10

study areas geographically spread across China, with valid

baseline data including completed questionnaire, physical

measurements and a written informed consent form. The

study areas included five urban areas (Harbin, Qingdao,

Suzhou, Liuzhou and Haikou) and five rural areas (Gansu,

Henan, Sichuan, Zhejiang and Hunan). The Ethical

Review Committee of the Chinese Center for Disease

Control and Prevention (Beijing, China) and the Oxford

Tropical Research Ethics Committee, University of Oxford

(UK) approved the study. Further details of the CKB co-

hort have been described in previous publication.17,18

Key Messages

• In mostly White populations from the USA, simultaneously adhering to multiple healthy lifestyle factors has been

related to up to 90% reduction in type 2 diabetes (T2DM) incidence. However, whether such protective effects persist

in other non-White populations remains unknown.

• In this prospective cohort study of Chinese adults, approximately three-quarters of incident T2DM over a period of

fewer than 10 years could have been avoided by adherence to a healthy lifestyle. The protective effects of adherence

to a healthy lifestyle were persistent in populations of different characteristics.

• Adherence to a healthy lifestyle could prevent the majority of cases of T2DM, including in less developed regions.
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For the present analysis, we excluded participants

(n¼ 30 300) who had a self-reported history of diabetes or

screen-detected diabetes, defined as measured fasting blood

glucose �7.0 mmol/L or random blood glucose

�11.1 mmol/L at baseline. We also excluded participants

with previously diagnosed heart disease (n¼ 15 472),

stroke (n¼ 8884) or cancer (n¼ 2577), and those who had

missing data for body mass index (BMI, n¼2) or were lost

to follow-up shortly after baseline (n¼ 3). After these ex-

clusions, the analysis included 461 211 participants.

Assessment of lifestyle factors and other

covariates

We assessed a range of lifestyle factors in the baseline ques-

tionnaire. We asked the frequency, type and amount of to-

bacco smoked per day for ever smokers, and years since

quitting and the reason for quitting for former smokers.

Questions about alcohol consumption included typical

drinking frequency, type of alcoholic beverage drunk ha-

bitually and volume of alcohol drunk on a typical drinking

day in the past 12 months. Physical activity was assessed

by asking the usual type and duration of activities in occu-

pational, commuting, domestic and leisure-time-related

domains in the past 12 months. We multiplied the meta-

bolic equivalent tasks (METs) value for a particular type of

activity by hours spent on that activity per day and

summed the MET-hours for all activities to get the daily

level of physical activity. We assessed habitual intakes of

12 conventional food groups in the past 12 months using a

short qualitative food frequency questionnaire. The repro-

ducibility of the assessment has been validated in previous

studies.19–21

Trained staff measured weight, height and circumfer-

ences of waist and hip using calibrated instruments. We

calculated BMI as weight in kilograms divided by height in

metres squared. Waist-to-hip ratio (WHR) was the ratio of

waist circumference to hip circumference.

The baseline questionnaire also inquired about the

socio-demographic characteristics, personal and family

medical history, and women’s reproductive information. A

participant was considered as having a family history of

diabetes if he reported at least one first-degree relative with

that disease.

Definition of low-risk lifestyle

We considered six dietary and lifestyle factors to define a

low-risk lifestyle, namely smoking, alcohol consumption,

physical activity, diet, BMI and WHR, consistently with

previous studies.13–15 These factors have also been ad-

dressed in recent guidelines22,23 for the prevention of

T2DM and associated with the increase of diabetes in

China.24 We defined participants who reported not smok-

ing or having stopped for reasons other than illness as

being at low risk for smoking status. In the CKB cohort,

about half of former smokers quit because of illness.25 We

included former smokers who stopped smoking for illness

in the current smoker category to avoid misleadingly ele-

vated risk. The low-risk group for alcohol consumption

was defined as those who drank greater than zero but less

than 30 g of alcohol per day. Participants who engaged in a

sex-specific upper quarter of the physical activity level

were defined as being at low risk for physical activity.

For dietary factors, we considered four food items

including vegetables, fruits, red meat and wheat. High con-

sumption of white rice has been associated with an

increased risk of T2DM.26 Because the daily frequency and

amount of rice consumed were not collected, we used the

weekly frequency of wheat consumption as a surrogate

measure. For example, if participants reported eating

wheat every day, it indicates that they had partial or com-

plete replacement for white rice with wheat. Specifically,

in the present study, we defined participants who reported

eating vegetables, fruits and wheat every day and red meat

less than daily as being at low risk for the dietary pattern.

For general adiposity measured by BMI, the low-risk

group was defined as those who had a BMI of 18.5–

23.9 kg/m2, according to the standard classification spe-

cific for the Chinese population.27 For central adiposity

measured by WHR, the low-risk group was defined as

those who had a WHR< 0.90 in men and <0.85 in

women.

Ascertainment of T2DM

We identified incident diabetes since the participants’ en-

rollment into the study at baseline using linkage with local

disease and death registries, with the recently established

national health insurance system and by active follow-

up.17 Trained staff, blinded to the baseline information,

coded all cases with the 10th revision of the International

Classification of Diseases (ICD-10). For the present ana-

lysis, we included diabetes cases coded as E11 and E14.

Other cases clearly defined as non-T2DM were excluded.

Because the vast majority of our participants were aged

over 40 years among whom the number of any non-T2DM

was small, misclassification of other types of diabetes was

minimal. The validity of reported diabetes diagnosis has

been adjudicated in a random sample of 831 cases by clin-

ical research fellows in the Oxford International

Coordinating Center of the CKB reviewing their medical

records during 2012–13, of which 98.6% were

reconfirmed.
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Statistical analysis

We calculated person-years at risk from the baseline date

to the diagnosis of diabetes, death, loss to follow-up or 31

December 2013, whichever came first. Loss to follow-up

in the CKB study referred to a participant whose perman-

ent registered residence had moved out of the jurisdiction

of the Regional Coordinating Center. By 31 December

2013, 2411 (0.5%) participants were lost to follow-up.

Cox proportional hazards model was used to estimate the

hazard ratio (HR) and 95% confidence interval (CI), with

age as the underlying time scale, and stratified jointly by

study area and age at baseline in a 5-year interval.

Multivariable models were adjusted for age, sex, educa-

tion, marital status, family history of diabetes, menopausal

status (for women only) and, in analyses of the individual

lifestyle factors, each of the other lifestyle factors. The lin-

ear trend test for individual factors was performed by as-

signing the sex-specific median to each category and then

modelling this as a continuous variable in a separate

model, and, for combined lifestyle factors, by treating the

number of low-risk factors as a continuous variable. The

test for interaction was performed by using likelihood ratio

test comparing models with and without cross-product

term.

We calculated the population attributable risk percent-

age (PAR%)28,29—an estimate of the percentage of inci-

dent diabetes in this population during follow-up that

hypothetically would not have occurred if all participants

had been in the low-risk group, assuming a causal relation.

In these analyses, we used a single binary variable and

compared participants in the low-risk group for each fac-

tor with all the others, following a method previously sug-

gested by Wacholder et al.30 We conducted analyses

stratified according to the sex, residence, age, family his-

tory of diabetes and adiposity. We also repeated the ana-

lysis among never-regular smokers and never-regular

drinkers.

We calculated PAR% using SAS (version 9.4, SAS

Institute Inc.). All other statistical analyses were performed

using Stata (version 13.1, StataCorp).

Results

Of 461 211 participants, 0.3%, 7.2% and 31.4% had at

least five, four and three low-risk lifestyle factors, respect-

ively. Participants of women, younger age, being more edu-

cated and urban residents were more likely to adhere to a

healthy lifestyle (Table 1).

During a median of 7.2 years (3 291 895 person-years)

of follow-up, we identified 8784 incident T2DM. After

mutual adjustment for all lifestyle factors and other

covariates, two important risk factors for developing

T2DM were higher BMI and WHR (Table 2; and

Supplementary Table 1, available as Supplementary Data

at IJE online). Heavy smoking was associated with an

increased risk of diabetes, whereas light-to-moderate alco-

hol consumption, high physical activity and a diet rich in

vegetables and fruits, low in red meat and with part or

complete replacement of rice with wheat every day were

associated with a reduced risk of diabetes, even after ad-

justment for the BMI and WHR. The inverse association

between physical activity and diabetes was slightly attenu-

ated after including BMI and WHR in the model.

When we dichotomized the six lifestyle factors, all low-

risk factors except non-smoking were independently asso-

ciated with a lower risk of diabetes in the whole cohort

(Table 3). In this population, 34.4% (95% CI: 31.9%,

36.8%) of the incident diabetes could be attributed to

higher or lower than normal BMI and 39.8% (37.4%,

42.3%) could be attributed to higher WHR. We repeated

the analysis using BMI< 24.0 kg/m2 as the low-risk defin-

ition; the PAR% (95% CI) was 36.0% (33.5%, 38.4%)

for overweight/obesity and 34.7% (31.8%, 37.5%) for

higher WHR. After adjustment for BMI and WHR, the

PAR% (95% CI) for an unhealthy diet and lack of physical

activity was 26.5 (15.3, 36.9) and 9.1 (5.2, 13.1), respect-

ively. Subgroup analyses according to baseline factors

showed that the PAR% for low physical activity was

slightly higher in the urban population, and the PAR% for

the unhealthy diet was higher in the urban and older popu-

lations (Supplementary Table 2, available as

Supplementary Data at IJE online).

When these lifestyle factors were considered jointly, the

risk of developing diabetes decreased significantly with an

increasing number of the low-risk factors in both men and

women (all P for linear trend< 0.001) (Figure 1 and

Supplementary Table 3, available as Supplementary Data

at IJE online). Compared with participants who were not

in the low-risk group for any factors, a combination of

three or more healthy lifestyle factors was associated with

an 80% reduction in the risk of diabetes. The respective

adjusted HR (95% CI) was 0.20 (0.19, 0.22), 0.23 (0.20,

0.26) and 0.22 (0.18, 0.27) for the whole cohort, men and

women.

To assess the robustness of the findings, we examined

potential confounding of socio-economic status by adding

occupation and household income to the model. To min-

imize potential bias due to subclinical conditions, we per-

formed sensitivity analyses by further excluding diabetes

cases that occurred in the first 2 years of follow-up and the

results did not materially change (data not shown).

The combined PAR% (95% CI) of diabetes in relation

to the lack of physical activity and unhealthy diet was

International Journal of Epidemiology, 2017, Vol. 46, No. 5 1413



36.2% (19.9%, 50.5%) without adjustment for BMI and

WHR in the model, and reduced slightly to 33.2%

(16.3%, 48.2%) after adjustment for BMI and WHR

(Table 4). When we included BMI and WHR in the defin-

ition of low-risk lifestyle, the PAR% (95% CI) increased to

72.6% (64.2%, 79.3%), suggesting that approximately

three-quarters of the incident diabetes might have been

prevented if all participants had been in the low-risk group

for these four factors. The addition of non-smoking and

light-to-moderate alcohol consumption to the low-risk def-

inition added little to the PAR% (78.8%; 95% CI: 67.9%,

86.3%). We also calculated PAR% of different orders in

which six low-risk lifestyle factors were added to the cu-

mulative model in Table 4. Non-smoking had no contribu-

tion to the PAR% regardless of when it was added to the

model (data not shown). Light-to-moderate alcohol

Table 1. Age- and study area-adjusted baseline characteristics of 461 211 participants according to number of low-risk lifestyle

factors

Baseline characteristics Number of low-risk lifestyle factorsa

0 1 2 3 4 �5

Men (n 5 189 153)

No. of participants, n (%)b 27 888 (14.7) 57 293 (30.3) 62 758 (33.2) 34 310 (18.1) 6570 (3.5) 334 (0.2)

Age, year 50.8 52.3 52.0 50.7 48.9 49.6

Urban area, % 50.2 44.2 37.7 37.7 37.5 55.3

Middle school and above, % 60.1 58.4 56.6 56.1 56.5 57.0

Married, % 94.2 93.0 92.6 92.8 93.1 92.2

Family history of diabetes, % 7.3 6.4 5.4 4.8 4.8 5.8

Eating both vegetables and fruits daily, % 12.1 13.1 13.3 14.8 21.5 41.6

Eating red meat less than daily, % 61.8 66.5 69.0 70.9 75.9 84.1

Eating wheat daily, % 41.5 40.7 41.0 41.1 43.6 53.0

Having low-risk lifestyle factorsa, %

Smoking – 28.2 30.9 54.4 88.3 98.6

Alcohol consumption – 2.3 4.6 8.8 23.0 68.7

Physical activity – 16.4 23.5 48.8 77.4 89.0

Dietary pattern – 1.3 2.5 4.4 12.6 34.3

BMI – 33.8 74.2 92.5 98.1 99.6

WHR – 17.8 64.3 90.0 97.6 99.0

Women (n 5 272 058)

No. of participants, n (%)b 2022 (0.7) 72 664 (26.7) 93 719 (34.5) 77 349 (28.4) 25 395 (9.3) 909 (0.3)

Age, year 59.0 53.1 51.3 47.6 44.5 42.7

Urban area, % 30.0 41.0 40.9 46.2 44.4 73.4

Middle school and above, % 30.6 41.4 43.4 45.8 46.0 55.6

Married, % 88.0 90.5 89.9 89.0 88.7 84.0

Family history of diabetes, % 6.1 7.2 6.8 6.0 5.5 5.2

Post-menopausal, % 55.0 54.1 54.5 54.1 53.8 53.5

Eating both vegetables and fruits daily, % 14.7 18.8 20.7 21.6 24.8 90.1

Eating red meat less than daily, % 68.7 70.3 73.8 74.4 79.7 99.0

Eating wheat daily, % 34.4 36.5 37.2 37.8 41.8 76.1

Having low-risk lifestyle factorsa, %

Smoking – 96.6 98.2 99.4 99.9 99.8

Alcohol consumption – 0.1 0.5 1.0 2.8 18.3

Physical activity – 0.6 22.1 27.8 81.6 98.1

Dietary pattern – 0.1 4.0 5.0 15.0 78.1

BMI – 2.1 48.0 87.9 98.8 99.9

WHR – 1.1 26.7 78.4 98.8 99.6

BMI, body mass index; WHR, waist-to-hip ratio. The results are presented as adjusted means or percentages, with adjustment for age and study area, as appro-

priate. All baseline characteristics were associated with the number of low-risk lifestyle factors, with P< 0.001 for trend across categories, except for eating wheat

daily in men (P¼0.001) and post-menopausal status in women (P¼ 0.057).
aLow-risk lifestyle factors were defined as: non-smoking or having stopped for reasons other than illness; drinking greater than zero but less than 30 g of alcohol

per day; engaging in a sex-specific upper quarter of the physical activity level; eating vegetables, fruits and wheat every day and red meat less than daily; having a

BMI between 18.5 and 23.9 kg/m2; and having a WHR<0.90 in men and <0.85 in women.
bThe numbers in parentheses indicate the proportion of participants who had a different number of low-risk lifestyle factors.
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consumption added more to the PAR% if it was put at the

beginning of the order. For example, when we included

non-smoking and light-to-moderate alcohol consumption

first, the PAR% (95% CI) was 22.5% (7.8%, 36.2%).

The PAR% estimates in relation to physical activity,

diet, BMI and WHR in combination seems similar for men

and women, and for participants with or without a family

history of diabetes. The potential reduction in the incident

diabetes among never-regular smokers and never-regular

drinkers were consistent with those observed in the whole

cohort. The PAR% appeared higher among urban resi-

dents, older populations and obese participants.

Discussion

In this large prospective cohort of 0.5 million middle-to-

older-aged Chinese people, adhering to a healthy lifestyle,

i.e. maintaining a normal BMI and a lower WHR, eating a

Table 2. HRs (95% CIs) for incident T2DM by lifestyle factors among 461 211 participants

(ncase¼8784) PY (%) Cases Multivariable-adjusteda Further adjustment for BMI and WHR

HR (95% CI) Ptrend
b HR (95% CI) Ptrend

b

Smoking

Never 68.0 6076 1.00 1.00

Former 2.8 287 1.07 (0.94, 1.21) 0.99 (0.87, 1.12)

Current (cigarettes/day)

<15 10.7 848 0.98 (0.90, 1.07) 0.001 1.06 (0.97, 1.16) 0.018

15– 13.4 1043 0.94 (0.86, 1.02) 1.02 (0.93, 1.11)

25– 5.2 530 1.16 (1.04, 1.29) 1.20 (1.08, 1.34)

Alcohol consumption

Never 84.8 7619 1.00 1.00

Current weekly 6.0 397 0.94 (0.85, 1.05) 0.84 (0.75, 0.93)

Current daily (g/day)

<15 0.5 38 0.68 (0.49, 0.94) 0.400 0.71 (0.52, 0.98) 0.923

15– 1.8 141 0.74 (0.63, 0.88) 0.75 (0.63, 0.89)

30– 3.0 261 0.83 (0.73, 0.94) 0.83 (0.73, 0.94)

60– 4.0 328 0.79 (0.70, 0.89) 0.79 (0.70, 0.88)

Physical activity (MET-hours/day)

<11.0 24.2 2363 1.00 <0.001 1.00 <0.001

11.0– 25.9 2208 0.88 (0.83, 0.94) 0.92 (0.86, 0.97)

Men 20.0–, Women 18.0– 25.0 2176 0.89 (0.83, 0.95) 0.98 (0.92, 1.04)

Men 33.5–, Women 29.5– 24.9 2037 0.76 (0.71, 0.81) 0.86 (0.81, 0.93)

Vegetables and fruits

Less than daily (either or both) 82.0 7367 1.00 1.00

Daily (both) 18.0 1417 0.93 (0.87, 0.99) 0.91 (0.85, 0.97)

Red meat

Daily 29.0 2522 1.00 1.00

Less than daily 71.0 6262 0.87 (0.83, 0.92) 0.92 (0.88, 0.97)

Wheat

Less than daily 60.8 6726 1.00 1.00

Daily 39.2 2058 0.93 (0.86, 1.01) 0.90 (0.84, 0.98)

BMI (kg/m2)

<18.5 4.4 230 – 0.96 (0.84, 1.10) <0.001

18.5– 53.6 2872 – 1.00

24.0– 32.4 3748 – 1.79 (1.70, 1.89)

28.0– 9.7 1934 – 3.04 (2.84, 3.25)

WHR

Men<0.90, women<0.85 43.9 2053 – 1.00 <0.001

Men 0.90–, women 0.85– 28.2 2276 – 1.43 (1.35, 1.53)

Men 0.95–, women 0.90– 27.9 4455 – 2.16 (2.03, 2.30)

HR, hazard ratio; CI, confidence interval; PY, person-years; BMI, body mass index; WHR, waist-to-hip ratio; MET, metabolic equivalent task.
aMultivariable model was adjusted for age, sex, education, marital status and family history of diabetes. Lifestyle factors including smoking, alcohol consump-

tion, physical activity and intakes of vegetables and fruits, red meat and wheat were included simultaneously in the same model.
bLinear trend test for smoking was only performed in current smokers and alcohol consumption in current daily drinkers.

International Journal of Epidemiology, 2017, Vol. 46, No. 5 1415



diet rich in vegetables and fruits and low in red meat and

white rice, being physically active, abstaining from smok-

ing and consuming alcohol in moderation were associated

with a significantly reduced risk of T2DM. Participants at

low risk for three or more lifestyle factors had an 80%

lower risk of diabetes than those without any of the low-

risk factors. If observed associations were causal, approxi-

mately three-quarters of incident T2DM in this population

during a median 7.2 years of follow-up could have been

avoided by adherence to a healthy lifestyle.

Previous diabetes-prevention trials have shown that life-

style interventions could reduce the risk of T2DM in high-

risk populations.5 Our findings, consistent with previous

prospective cohort studies conducted in mostly White

populations from the USA13–15 and Europe,31 provided ro-

bust evidence for the beneficial effects of adherence to a

healthy lifestyle on the reduction of diabetes risk in the

Chinese population. Findings from the Nurses’ Health

Study (NHS) of 16 years of follow-up showed that 91%

(95% CI: 83%, 95%) of diabetes cases in these middle-

aged women of high socio-economic status could be attrib-

uted to overweight, a poor diet, lack of exercise, smoking

and abstinence from alcohol.13 A similar PAR% of 89%

(23%, 99%) was reported in an older US population aged

65 years and older.14 In another study conducted in a

pooled sample of two Finnish cohorts aged 40–79 years,

five modifiable lifestyle factors defined by BMI, exercise,

smoking, alcohol consumption and serum vitamin D ex-

plained 82% (70%, 90%) of the diabetes cases during a

10-year period.31 The Multiethnic Cohort study with

12-year follow-up showed that the PAR% (95% CI) for

overweight, physical inactivity, high meat intake, no alco-

hol consumption and smoking was greatest among

Caucasians [86% (64%, 95%) for men and 90% (66%,

97%) for women], followed by Native Hawaiians, and

lowest among Japanese Americans [70% (44%, 85%) for

Table 3. HRs (95% CIs) and PARs% (95% CIs) for incident T2DM by low-risk lifestyle factorsa among 461 211 participants

PY in

low-risk

group (%)

Cases in

low-risk

group

Multivariable-adjustedb Further adjustment for BMI and WHR

HR (95% CI) PAR% (95% CI) HR (95% CI)c PAR% (95% CI)

Whole cohort (ncase 5 8784)

Smoking 70.7 6363 1.04 (0.97, 1.11) NA 0.97 (0.91, 1.03) 1.3 (–0.5, 3.0)

Alcohol consumption 2.2 179 0.76 (0.66, 0.88) 21.5 (9.7, 32.7) 0.77 (0.66, 0.89) 21.5 (9.7, 32.7)

Physical activity 24.9 2037 0.83 (0.79, 0.88) 12.2 (8.3, 16.0) 0.88 (0.83, 0.93) 9.1 (5.2, 13.1)

Dietary pattern 3.5 189 0.72 (0.62, 0.83) 27.3 (16.3, 37.7) 0.74 (0.63, 0.86) 26.5 (15.3, 36.9)

BMI 53.6 2872 – – 0.49 (0.47, 0.52) 34.4 (31.9, 36.8)

WHR 43.9 2053 – – 0.49 (0.46, 0.51) 39.8 (37.4, 42.3)

Men (ncase 5 3259)

Smoking 31.7 1 072 1.06 (0.99, 1.15) NA 0.99 (0.92, 1.07) 0.2 (–4.9, 5.2)

Alcohol consumption 4.6 154 0.80 (0.68, 0.94) 17.4 (4.4, 29.9) 0.81 (0.69, 0.96) 16.5 (3.2, 29.1)

Physical activity 25.3 733 0.78 (0.72, 0.86) 15.5 (9.2, 21.7) 0.85 (0.77, 0.93) 11.4 (4.9, 17.8)

Dietary pattern 2.5 57 0.78 (0.59, 1.02) 22.7 (1.5, 41.9) 0.78 (0.59, 1.02) 23.2 (2.2, 42.3)

BMI 55.5 1090 – – 0.47 (0.44, 0.51) 35.2 (31.0, 39.4)

WHR 47.0 877 – – 0.48 (0.44, 0.53) 38.1 (33.7, 42.3)

Women (ncase 5 5525)

Smoking 97.4 5291 0.90 (0.78, 1.04) 0.7 (0.1, 1.3) 0.87 (0.75, 1.00) 0.8 (0.2, 1.4)

Alcohol consumption 0.6 25 0.55 (0.37, 0.82) 42.4 (17.5, 62.3) 0.56 (0.38, 0.83) 41.5 (16.2, 61.7)

Physical activity 24.7 1304 0.88 (0.82, 0.94) 8.8 (3.8, 13.8) 0.91 (0.85, 0.97) 6.8 (1.7, 11.8)

Dietary pattern 4.2 132 0.72 (0.60, 0.86) 27.3 (14.0, 39.7) 0.72 (0.60, 0.86) 28.2 (15.0, 40.4)

BMI 52.3 1782 – – 0.51 (0.48, 0.54) 33.6 (30.6, 36.5)

WHR 41.8 1 176 – – 0.49 (0.46, 0.53) 40.3 (37.5, 43.0)

HR, hazard ratio; CI, confidence interval; PAR%, population attributable risk percentage; PY, person-years; BMI, body mass index; WHR, waist-to-hip ratio;

NA, no meaningful PAR% estimate was obtained because the estimated relative risk for this factor in the model had negative coefficient.
aLow-risk lifestyle factors were defined as: non-smoking or having stopped for reasons other than illness; drinking greater than zero but less than 30 g of alcohol

per day; engaging in a sex-specific upper quarter of the physical activity level; eating vegetables, fruits and wheat every day and red meat less than daily; having a

BMI between 18.5 and 23.9 kg/m2; and having a WHR<0.90 in men and <0.85 in women.
bMultivariable model was adjusted for age, sex (for whole cohort only), education, marital status, family history of diabetes, menopausal status (for women

only), and follow-up period and study area (only in pooled logistic regression model). Lifestyle factors including smoking, alcohol consumption, physical activity

and dietary pattern were included simultaneously in the same model.
cAll associations of low-risk lifestyle factors with the risk of incident diabetes were consistently observed in both men and women, with P> 0.05 for interaction

with sex, except for smoking (P¼ 0.023 for interaction).
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men and 73% (42%, 88%) for women].15 Even after low-

ering the BMI cut-off from 25 kg/m2 to 23 kg/m2, the gap

between Japanese Americans [77% (55%, 89%) for men

and 78% (51%, 91%) for women] and Caucasians

persisted.

The PAR% for the combination of BMI, WHR, diet,

physical activity, smoking and alcohol consumption in our

Chinese population was close to that of the Japanese

Americans in the Multiethnic Cohort15 and appeared to be

lower than that of the White populations.13–15 A possible

explanation for this difference is that major lifestyle factors

included in the present study were mirrored from the

White populations. Other Asian-specific lifestyle risk fac-

tors might exist.24

PAR% is a population-specific calculation that depends

on both the prevalence of risk factor and its association

with disease risk. In the present study, the difference in the

prevalence of several lifestyle factors across subgroups

might lead to the observed subgroup variations in the

PAR% for individual low-risk factors. For example, the

PAR% for unhealthy diet differed between urban and rural

residence. However, the overall proportion of disease that

was attributable to the combination of these lifestyle fac-

tors differed less than might have been expected. Our find-

ings suggested that adopting a healthy lifestyle could

significantly reduce the risk of diabetes in people with fam-

ily history of diabetes, similarly to the general population.

In addition, our data showed that the protective effects of

adherence to healthy lifestyle were persistent regardless of

sex, age, urban or rural residence and adiposity status.

We found that obesity was among the most important

risk factors for T2DM in Chinese people, in agreement

with previous studies in White populations.13–15,31 It is

well recognized that the maintenance of healthy weight

confers the greatest benefits in T2DM prevention. Physical

activity and diet are critical for weight loss and mainten-

ance. However, the present study found that, even after ad-

justment for adiposity measures, high physical activity and

a healthy diet were still associated with a reduced risk for

diabetes, similarly to findings reported in previous cohort

studies in the general population13–15 and prevention trials

in high-risk individuals.4 This observation suggested that

the beneficial effects of increased physical activity and diet-

ary modifications were at least through mechanisms be-

yond weight loss.

It is worth mentioning that the PAR% results of differ-

ent orders in which six low-risk lifestyle factors were added

to the cumulative model were slightly different, as health-

related behaviours usually influence each other in a clus-

tered way. The choice of the order in the present study was

a public health consideration. Non-smoking was not asso-

ciated with a lower risk of T2DM in the present popula-

tion. Light-to-moderate alcohol consumption was shown

to have an important protective effect on diabetes.

However, even light-to-moderate drinking might increase

the risk of other outcomes such as cancer.32,33 We would

be cautious on the recommendation of consuming alcohol

regarding overall human health.34,35 Therefore, we

included these two factors in the model last.

To the best of our knowledge, this is by far the largest

prospective study quantifying the burden of T2DM that

could be prevented through adherence to a combination of

healthy dietary and lifestyle factors. Our study for the first

time provided evidence for the joint beneficial effects of

multiple lifestyle factors on prevention of diabetes in the

nationally representative general Chinese population. The

inclusion of a geographically spread population living in

urban and rural areas, with different socio-demographic

characteristics, makes our results broadly applicable. The

large sample size permitted subgroup analyses by several

characteristics. We have carefully controlled for potential

confounding factors and sought to minimize the reverse

causation bias by excluding participants with major

Figure 1. HRs (95% CIs) for incident T2DM by number of low-risk life-

style factors among 461 211 participants.

HR, hazard ratio; CI, confidence interval. Horizontal lines represent 95%

CI. ‘n’ in parentheses indicates the number of new cases. Low-risk life-

style factors include maintaining healthy adiposity, consuming a

healthy diet, high physical activity, not smoking and light-to-moderate

alcohol consumption.
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chronic diseases at baseline that might lead to lifestyle

changes. The anthropometric information was measured

rather than self-reported in our cohort, providing more ac-

curate estimates of BMI and WHR.

Several limitations merit consideration. Measurement

errors in self-reported lifestyle factors are inevitable; how-

ever, misclassification in this prospective study should be

non-differential on subsequent disease status and tend to

underestimate the true relative risks. The lifestyle factors

were measured once at baseline and might not necessarily re-

flect the long-term exposure. Accordingly, the present study

possibly underestimates the importance of individual and

combined effects of lifestyle factors on diabetes risk. Lack of

comprehensive assessment of food consumption limited our

ability to capture the complexity of the dietary patterns.

Nevertheless, the limited food items instead of the complex

dietary score may simplify the public health interpretation of

our findings. Since the identification of incident diabetes in

this study depended mainly on the health insurance system,

some cases of asymptomatic diabetes might be undiagnosed.

Although the present study might underestimate the inci-

dence of diabetes, such non-differential misclassification

might lead to attenuation of effect estimates.

Conclusions

In summary, the present study is thus far the largest pro-

spective cohort of Chinese adults to provide critical quanti-

tative estimates of the potential effects of modifying diet

and lifestyle on the fast-growing burden of T2DM in

China. Our findings suggest that the majority of cases of

T2DM could be prevented by adherence to a healthy life-

style, i.e. maintaining lean body weight without central

adiposity, following healthy diet habits and being physic-

ally active. Our study lends robust support to lifestyle

intervention on the reduction of diabetes in the Chinese

population.
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