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Assessment of candidate predictors
[bookmark: OLE_LINK17][bookmark: OLE_LINK16]The CKB collected information using a laptop-based questionnaire with built-in functions to avoid missing items and logic errors. Weight, height, blood pressure, and resting heart rate were measured with well-calibrated instruments. Ever smokers were asked about their smoking frequency, type, and amount of tobacco smoked per day. Former smokers were also asked how long they had stopped smoking and why they had quit. Participants were asked about their typical drinking frequency, as well as those who drank at least once a week, the type of alcoholic beverage they drank habitually, and the amount of alcohol drunk on a typical drinking day in the previous year. For physical activity, the usual type and duration of activities in occupational, commuting, domestic, and leisure-time-related domains in the previous year were collected. To calculate the daily total physical activity level, we multiplied the metabolic equivalent of task (MET) value of each type of activity by the hours spent on that activity per day then summed the MET-hours for all activities.8 We used a validated qualitative food frequency questionnaire (FFQ) to assess habitual dietary intakes in the previous year.9 In the second resurvey, we also asked about the amount consumed by each food group on a typical consumption day.
Predictors were assessed similarly in CNHS. The questions about smoking were basically the same as those in the CKB questionnaire, with the exception that only cigarettes were used to calculate the daily smoking amount. A quantitative FFQ was used to collect information on the frequency and amount of various foods and alcoholic drinks consumed in the previous year. Physical activity was investigated using an adapted version of the International Physical Activity Questionnaire (IPAQ)-long form, and total physical activity level was calculated in the same way as in the CKB.
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[bookmark: _Hlk167050034]Calculation of the usual intake amount for each baseline frequency group
In the CKB, we used the resurvey data to estimate the usual intake amount of each baseline frequency group for fresh fruits, fresh vegetables, red meat, and fish/seafood, using the following steps with fresh fruits as an example:11
1. We first calculated the mean intake amount on a typical consuming day for participants in each group, namely “never/rarely”, “monthly”, “1-3 days/wk”, “4-6 days/wk”, “daily”, using data collected during the 2nd resurvey (n=25,041). The corresponding values for each group were 0 g/d for the “never/rarely” group, 137.0 g/d for the “monthly” group, 142.5 g/d for the “1-3 days/wk” group, 140.3 g/d for the “4-6 days/wk” group, and 168.6 g/d for the “daily” group.
2. Assuming that the intake amount on a typical consuming day did not vary much from the baseline to the 2nd resurvey (i.e., people may change how frequently they consume fruits but the daily amount of fresh fruits consumption stays roughly the same), the mean daily grams derived in step 1 was used as the proxy for baseline mean daily grams.
3. The “baseline intake amount” for each group (column B in Supplementary Table 1) were estimated by multiplying the mean daily grams intake by the number of consuming days per month and dividing by 30. The number of consuming days per month assigned to each group was 0 for the “never/rarely” group, 2.5 days for the “monthly” group, 8.6 days for the “1-3 days/wk” group, 21.5 days for the “4-6 days/wk” group, and 30 days for the “daily” group. The estimates of the baseline intake amount were 0g, 11.4g, 40.8g, 100.5g, and 168.6g, respectively, for “never/rarely”, “monthly”, “1-3 days/wk”, “4-6 days/wk”, and “daily” group.
4. The consumption frequency recorded at the 1st resurvey (n=19,786) was used to assess the variation in fresh fruits consumption from the baseline. The “usual intake amount” for each group (column U in Supplementary Table 1) was calculated by multiplying the “baseline intake amount” for each group by the percentage of participants in each of the group at the 1st resurvey. For example, for the “never/rarely” group at baseline, 17.9% remained at this group at the 1st resurvey, 55.7% switched to the “monthly” group, 18.0% switched to the “1-3 days/wk” group, 4.2% switched to the “4-6 days/wk” group, and 4.2% switched to the “daily” group. The “usual intake amount” for the baseline “never/rarely” group was therefore equal to 17.9%×0+ 55.7%×11.4+ 18.0%×40.8+ 4.2%×100.5+ 4.2%×168.6=25 g/d. Corresponding values for other baseline groups, namely “monthly”, “1-3 days/wk”, “4-6 days/wk”, and “daily” group were 32.6g/d, 56.2g/d, 79.3g/d, and 123.4g/d, respectively.
5. The “usual intake amount” was then assigned to each individual participant in the corresponding baseline group as the proxy of the intake amount.
6. [bookmark: _GoBack]Using the same approach as described above, the “usual intake amount” for each baseline group of fresh vegetables, red meat, and seafood were presented in Supplementary Table 2.

Supplementary Table 1. Calculation of the usual amount (g/day) for each baseline category of fresh fruits consumption based on 19,786 participants who attended the first resurvey in 2008.
	
Baseline

n
	1st resurvey (mean 2.6 years later)
F
	Consumption days per month
	Mean daily grams*
	[bookmark: OLE_LINK3]Baseline consumption (g/day)†
B
	Usual consumption (g/day)‡
U

	
	Never/rarely
1
	Monthly
2
	1-3 days/wk
3
	4-6 days/wk
4
	Daily
5
	
	
	
	

	1
	Never/rarely
	17.9%
(244)
	55.7%
(761)
	18.0%
(246)
	4.2%
(58)
	4.2%
(57)
	0
	--
	B1 = 0
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]U1 = 25.0

	2
	Monthly
	7.4%
(496)
	52.1%
(3,504)
	29.0%
(1,952)
	6.8%
(460)
	4.7%
(316)
	2.5
	137.0
	B2 = 11.4
	U2 = 32.6

	3
	1-3 days/wk
	4.0%
(250)
	31.7%
(1,981)
	37.4%
(2,339)
	11.7%
(729)
	15.2%
(950)
	8.6
	142.5
	B3 = 40.8
	U3 = 56.2

	4
	4-6 days/wk
	1.6%
(29)
	20.1%
(368)
	35.0%
(641)
	15.0%
(275)
	28.2%
(516)
	21.5
	140.3
	B4 = 100.5
	U4 = 79.3

	5
	Daily
	1.2%
(45)
	6.8%
(246)
	18.3%
(662)
	13.2%
(476)
	60.5%
(2,185)
	30
	168.6
	B5 = 168.6
	U5 = 123.4


*The mean daily grams were calculated using data from the 2nd resurvey (n=25,041) and used as a proxy for baseline mean daily grams, assuming that the daily amount of fresh fruits consumption did not change significantly from the baseline to the 2nd resurvey (i.e., people may change how frequently they consume fruits but the daily amount of fresh fruits consumption stays roughly the same).
†The baseline intake amount for each group was estimated by multiplying the mean daily grams intake by the number of consuming days per month and dividing by 30.
‡By accounting for the variation in consumption frequency from the baseline, the usual intake amount for each group was estimated using the following formula: Un = . F denotes the percentage in each cell, B the baseline grams per day for each baseline category, and U the usual grams per day for each baseline category.
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Supplementary Table 2. Usual intake amount for each baseline group of fresh vegetables, red meat, and seafood.
	
	Usual intake amount (g/day)

	
	Fresh vegetables
	Red meat
	Seafood

	Never/rarely
	194.3
	11.7
	3.0

	Monthly
	204.8
	17.9
	19.7

	1-3 days/wk
	215.3
	34.5
	31.3

	4-6 days/wk
	210.6
	47.0
	44.4

	Daily
	234.1
	65.2
	50.5




9

Supplementary Table 3. Characteristics of the study participants in the China Kadoorie Biobank (CKB) and the China Nutrition and Health Surveillance (CNHS).
	
	CKB population
	
	CNHS population

	
	Men
	
	Women
	
	Men
	Women

	
	Derivation
	Validation
	
	Derivation
	Validation
	
	
	

	No. of participants
	140,135
	70,068
	
	201,678
	100,840
	
	31,515
	36,049

	Age, years
	52.4 (10.9)
	52.4 (10.9)
	
	51.0 (10.5)
	50.9 (10.5)
	
	55.5 (12.5)
	54.5 (12.3)

	Urban area, %
	43.3
	43.7
	
	44.6
	44.6
	
	51.3
	49.6

	Highest education, %
	
	
	
	
	
	
	
	

	No formal school
	8.9
	8.8
	
	25.4
	25.2
	
	4.5
	18.9

	Primary school
	33.4
	33.2
	
	31.5
	31.3
	
	28.5
	33.2

	Middle school
	32.4
	32.5
	
	25.3
	25.5
	
	37.3
	27.3

	High school
	17.5
	17.4
	
	13.4
	13.6
	
	17.8
	11.1

	College/university
	7.8
	8.1
	
	4.4
	4.4
	
	12.0
	9.5

	Marital status, %
	
	
	
	
	
	
	
	

	Married
	92.9
	93.0
	
	89.0
	88.9
	
	94.6
	93.3

	Widowed
	4.1
	4.0
	
	9.3
	9.3
	
	1.7
	5.4

	Separated/divorced
	1.6
	1.6
	
	1.5
	1.5
	
	1.3
	0.5

	Never married
	1.4
	1.5
	
	0.2
	0.2
	
	2.4
	0.8

	Smoking, %*
	
	
	
	
	
	
	
	

	Never
	25.6
	25.7
	
	96.8
	96.8
	
	35.5
	96.8

	Former
	6.7
	6.8
	
	0.4
	0.4
	
	12.9
	0.8

	Current (number of cigarettes or equivalents per day)

	<20
	30.3
	29.9
	
	2.4
	2.4
	
	23.8
	1.8

	≥20
	37.4
	37.6
	
	0.5
	0.5
	
	27.8
	0.6

	Alcohol intake, %†
	
	
	
	
	
	
	
	

	Less than daily
	70.7
	70.6
	
	98.2
	98.2
	
	83.2
	98.6

	Current daily (g of pure alcohol per day)

	1-29
	4.7
	4.7
	
	0.6
	0.6
	
	4.9
	1.0

	30-59
	6.8
	6.8
	
	0.2
	0.3
	
	4.6
	0.2

	≥60
	17.8
	17.8
	
	1.0
	1.0
	
	7.3
	0.2

	Physical activity, MET-h/d
	22.1 (15.3)
	21.9 (15.2)
	
	20.4 (12.8)
	20.4 (12.7)
	
	16.3 (20.3)
	13.7 (16.4)

	Food consumption, g/d‡
	
	
	
	
	
	
	
	

	Fresh fruits
	56.9 (31.3)
	56.9 (31.3)
	
	63.9 (34.9)
	63.8 (34.8)
	
	79.7 (95.1)
	92.6 (102.1)

	Red meat
	44.3 (17.1)
	44.3 (17.1)
	
	41.3 (17.3)
	41.3 (17.3)
	
	72.5 (76.6)
	53.7 (63.9)

	Fish/seafood
	21.8 (14.1)
	21.9 (14.2)
	
	20.6 (14.2)
	20.6 (14.2)
	
	21.1 (33.8)
	17.3 (31.2)

	Body mass index (kg/m2), %
	
	
	
	
	
	
	
	

	<18.5
	4.5
	4.4
	
	4.3
	4.3
	
	3.1
	3.0

	18.5-23.9
	53.8
	54.0
	
	50.4
	50.6
	
	42.7
	46.4

	24.0-27.9
	32.8
	32.7
	
	33.6
	33.4
	
	38.4
	35.2

	≥28
	8.9
	9.0
	
	11.8
	11.7
	
	15.9
	15.4

	Systolic blood pressure, mmHg
	132.8 (20.0)
	132.8 (20.0)
	
	129.9 (22.0)
	129.9 (22.1)
	
	137.3 (19.9)
	136.2 (22.2)

	Resting heart rate, beats/minute
	77.7 (12.1)
	77.8 (12.1)
	
	79.6 (11.6)
	79.7 (11.6)
	
	75.1 (11.3)
	76.9 (10.6)

	Self-rated good health, %
	
	
	
	
	
	
	
	

	Excellent/good
	49.1
	49.4
	
	43.2
	43.6
	
	44.9
	41.5

	Fair
	41.9
	41.7
	
	45.4
	45.1
	
	46.5
	47.8

	Poor
	8.9
	8.9
	
	11.4
	11.3
	
	8.6
	10.7

	Prevalent disease, %
	
	
	
	
	
	
	
	

	Stroke
	2.3
	2.4
	
	1.3
	1.3
	
	3.4
	3.0

	Cancer
	0.5
	0.5
	
	0.5
	0.5
	
	1.6
	2.1

	COPD
	8.8
	8.6
	
	6.1
	6.2
	
	5.6
	3.8

	Diabetes
	5.6
	5.5
	
	6.2
	6.1
	
	4.1
	4.4


MET-h/d indicates metabolic equivalent task hours per day; COPD, chronic obstructive pulmonary disease.
The baseline characteristics of the CKB population were shown. Data are presented as percentages or means (standard deviations), if applicable.
*Former smokers were those who had quit smoking for reasons other than illness. Participants who had quit smoking due to illness were included in the current smokers.
†Less than daily group included both never-regular drinkers and current weekly drinkers. Former alcohol drinkers were included in the heavy drinking category (≥60 g of pure alcohol per day).
‡The food consumption amount of the CKB population was estimated as described in Supplementary Table 1.


Supplementary Table 4. HRs (95% CIs) of all-cause mortality for all predictor variables in the whole China Kadoorie Biobank population for men and women.
	
	Men (n=210,203)
	
	Women (n=302,518)

	
	Deaths
	Deaths/PYs (/1,000)
	HRs (95% CIs)
	
	Deaths
	Deaths/PYs (/1,000)
	HRs (95% CIs)

	Age (years)
	
	
	
	
	
	
	

	Linear
	--
	--
	1.08 (1.08-1.08)
	
	--
	--
	1.08 (1.07-1.08)

	Squared
	--
	--
	1.00 (1.00-1.00)
	
	--
	--
	1.00 (1.00-1.00)

	Highest education
	
	
	
	
	
	
	

	No formal school
	5,797
	28.9
	1.00 (Reference)
	
	11,302
	12.6
	1.00 (Reference)

	Primary school
	14,154
	18.0
	0.86 (0.83-0.89)
	
	8,125
	7.2
	0.91 (0.88-0.94)

	Middle school
	7,105
	8.9
	0.80 (0.77-0.83)
	
	3,163
	3.4
	0.82 (0.79-0.86)

	High school
	3,307
	7.7
	0.68 (0.65-0.72)
	
	1,510
	3.1
	0.77 (0.72-0.81)

	College/university
	1,593
	8.3
	0.57 (0.54-0.61)
	
	493
	3.1
	0.69 (0.63-0.77)

	Marital status
	
	
	
	
	
	
	

	Married
	27,340
	12.1
	1.00 (Reference)
	
	--
	--
	--

	Widowed
	3,277
	38.1
	1.19 (1.15-1.24)
	
	--
	--
	--

	Separated/divorced
	594
	16.0
	1.71 (1.58-1.86)
	
	--
	--
	--

	Never married
	745
	22.6
	1.81 (1.68-1.95)
	
	--
	--
	--

	Smoking*
	
	
	
	
	
	
	

	Never
	7,007
	11.3
	1.00 (Reference)
	
	22,364
	6.4
	1.00 (Reference)

	Former
	2,333
	14.6
	1.06 (1.01-1.11)
	
	281
	21.2
	1.16 (1.03-1.30)

	Current (number of cigarettes or equivalents per day)

	<20
	11,214
	15.6
	1.25 (1.21-1.29)
	
	1,621
	20.3
	1.34 (1.26-1.41)

	≥20
	11,402
	12.5
	1.33 (1.29-1.38)
	
	327
	20.5
	1.60 (1.43-1.79)

	Alcohol intake†
	
	
	
	
	
	
	

	Less than daily
	20,610
	12.0
	1.00 (Reference)
	
	23,832
	6.7
	1.00 (Reference)

	Current daily (g of pure alcohol per day)

	1-29
	1,657
	14.7
	1.00 (0.95-1.05)
	
	204
	9.8
	0.96 (0.83-1.10)

	30-59
	2,129
	12.8
	1.06 (1.01-1.11)
	
	89
	10.8
	1.04 (0.84-1.29)

	≥60
	7,560
	18.0
	1.23 (1.20-1.27)
	
	468
	13.3
	1.10 (1.00-1.21)

	Ln(physical activity level [MET-h/day])
	--
	--
	0.91 (0.91-0.92)
	
	--
	--
	0.83 (0.82-0.84)

	Food consumption (per 10g/d)
	
	
	
	
	
	
	

	Fresh fruits
	--
	--
	0.99 (0.98-0.99)
	
	--
	--
	0.98 (0.98-0.99)

	Red meat
	--
	--
	0.97 (0.96-0.98)
	
	--
	--
	0.97 (0.96-0.98)

	Fish/seafood
	--
	--
	0.96 (0.95-0.98)
	
	--
	--
	0.94 (0.92-0.95)

	Body mass index (kg/m2)
	
	
	
	
	
	
	

	<18.5
	3,082
	31.7
	1.52 (1.47-1.59)
	
	2,169
	14.8
	1.52 (1.45-1.60)

	18.5-23.9
	17,793
	13.7
	1.00 (Reference)
	
	11,400
	6.3
	1.00 (Reference)

	24.0-27.9
	8,668
	10.8
	0.85 (0.83-0.88)
	
	7,609
	6.3
	0.90 (0.87-0.92)

	≥28
	2,413
	11.1
	0.86 (0.82-0.90)
	
	3,415
	8.1
	0.93 (0.90-0.97)

	Ln(systolic blood pressure [mmHg])
	--
	--
	3.52 (3.26-3.79)
	
	--
	--
	3.75 (3.45-4.07)

	Resting heart rate (beats/minute)
	--
	--
	1.01 (1.01-1.01)
	
	--
	--
	1.01 (1.00-1.01)

	Self-rated health
	
	
	
	
	
	
	

	Excellent/good
	11,711
	9.6
	1.00 (Reference)
	
	7,353
	4.6
	1.00 (Reference)

	Fair
	14,626
	14.6
	1.18 (1.15-1.21)
	
	11,564
	7.1
	1.17 (1.13-1.20)

	Poor
	5,619
	28.5
	1.74 (1.68-1.80)
	
	5,676
	14.4
	1.64 (1.58-1.70)

	Stroke at baseline
	
	
	
	
	
	
	

	No
	29,702
	12.6
	1.00 (Reference)
	
	23,351
	6.6
	1.00 (Reference)

	Yes
	2,254
	48.5
	1.62 (1.54-1.69)
	
	1,242
	29.9
	1.61 (1.52-1.71)

	Cancer at baseline
	
	
	
	
	
	
	

	No
	31,499
	13.1
	1.00 (Reference)
	
	24,196
	6.8
	1.00 (Reference)

	Yes
	457
	53.4
	2.18 (1.98-2.39)
	
	397
	23.1
	2.13 (1.92-2.35)

	COPD at baseline
	
	
	
	
	
	
	

	No
	25,825
	11.7
	1.00 (Reference)
	
	21,071
	6.2
	1.00 (Reference)

	Yes
	6,131
	31.5
	1.33 (1.29-1.37)
	
	3,522
	16.4
	1.39 (1.34-1.44)

	Diabetes at baseline
	
	
	
	
	
	
	

	No
	28,536
	12.5
	1.00 (Reference)
	
	20,526
	6.1
	1.00 (Reference)

	Yes
	3,420
	27.7
	1.52 (1.46-1.58)
	
	4,067
	19.8
	1.78 (1.72-1.85)


PYs indicates person-years; HR, hazard ratio; CI, confidence interval; MET-h/d, metabolic equivalent task hours per day; COPD, chronic obstructive pulmonary disease; -, not applicable.
All continuous predictor variables were centered as follows: age at 50 years, physical activity level at 20 MET-h/d, daily fresh fruits intake at 80g, daily red meat intake at 50g, daily fish/seafood intake at 20g, systolic blood pressure at 120 mmHg, and resting heart rate at 80 beats/minute.
*Former smokers referred to those having stopped smoking for reasons other than illness. Participants who had stopped smoking due to illness were classified as current smokers.
†Less than daily group included both never-regular drinkers and current weekly drinkers. Former alcohol drinkers were included in the heavy drinking category (≥60 g of pure alcohol per day).
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[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Supplementary Table 5. Life expectancy at 30 years and the gained life years under different scenarios for smoking and alcohol intake in men and women.
	
	Men
	
	Women

	
	Life expectancy (95% CI), 30y
	Gained life years (95% CI)
	
	Life expectancy (95% CI), 30y
	Gained life years (95% CI)

	Base scenario*
	45.46 (44.85-46.27)
	--
	
	47.00 (46.23-47.86)
	--

	Smoking
	
	
	
	
	

	Ideal scenario
	46.13 (45.51-47.00)
	0.68 (0.44-0.91)
	
	47.05 (46.30-47.90)
	0.05 (0.00-0.09)

	Practical scenario
	45.86 (45.27-46.70)
	0.40 (0.26-0.54)
	
	--
	--

	Alternative scenario†
	46.47 (45.83-47.24)
	1.02 (0.88-1.17)
	
	47.11 (46.34-47.95)
	0.10 (0.07-0.14)

	Healthy China 2030‡
	45.60 (45.03-46.42)
	0.14 (0.09-0.19)
	
	--
	--

	Alcohol intake
	
	
	
	
	

	Ideal scenario
	45.61 (44.98-46.44)
	0.15 (0.08-0.23)
	
	47.01 (46.23-47.87)
	0.01 (0.00-0.02)

	Alternative scenario§
	45.63 (45.02-46.44)
	0.17 (0.13-0.20)
	
	47.00 (46.23-47.86)
	0.00 (0.00-0.01)

	Physical activity
	
	
	
	
	

	Ideal scenario
	46.18 (45.58-46.95)
	0.72 (0.62-0.84)
	
	48.47 (47.78-49.23)
	1.47 (1.30-1.67)

	Practical scenario
	45.99 (45.38-46.77)
	0.53 (0.46-0.62)
	
	48.09 (47.38-48.88)
	1.09 (0.96-1.25)

	Healthy China 2030‖
	45.63 (45.02-46.43)
	0.17 (0.15-0.20)
	
	47.39 (46.63-48.22)
	0.38 (0.34-0.43)


CI indicates confidence interval.
*Exposure patterns for all lifestyle factors remained unchanged.
†The whole population is assumed to never smoke.
‡The goal is to reduce smoking prevalence in the whole population to 20%, and we assumed that this would be achieved only by reducing smoking prevalence in men.
§All excessive alcohol users in the whole population are assumed to be non-daily drinkers.
‖The goal is to increase the proportion of individuals who engage in regular physical activity to 40%. Regular physical activity was defined as engaging in physical activity of moderate intensity or higher ≥3 times per week, each time lasting 30 minutes or more.


12
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Supplementary Figure 1. Analytic flow chart of the primary analysis.
CKB indicates China Kadoorie Biobank; CNHS, China Nutrition and Health Surveillance.
*The cut-off values were approximately equal to the 99th percentile values.
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[image: D:\SunQF\01-healthyChina\figure\figure s2. model assessment.tif]
Supplementary Figure 2. Receiver operating characteristic (ROC) curves and calibration plots of the 5-year all-cause mortality prediction model in the validation dataset of China Kadoorie Biobank for men and women.
AUC indicates the area under the ROC curve.
The observed 5-year risk was estimated using Kaplan-Meier and plotted against the model-predicted risk by decile.


[image: D:\SunQF\01-healthyChina\cdc_analysis\2. Results\dist_cnhs2015_eng.tiff]
Supplementary Figure 3. Age-specific distribution of lifestyle factors in China Nutrition and Health Surveillance.
Excessive alcohol use was defined as consuming ≥30 g of pure alcohol per day.
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Supplementary Figure 4. Gained life years at age 30 for men and women from adopting individual low-risk lifestyle habits, with the target population having different age ranges.
The definitions of ideal and practical scenarios for each lifestyle factor are the same as in Table 1.
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