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Background Large blood-based prospective studies can provide reliable assess-
ment of the complex interplay of lifestyle, environmental and gen-
etic factors as determinants of chronic disease.

Methods The baseline survey of the China Kadoorie Biobank took place
during 2004-08 in 10 geographically defined regions, with collection
of questionnaire data, physical measurements and blood samples.
Subsequently, a re-survey of 25000 randomly selected participants
was done (80% responded) using the same methods as in the base-
line. All participants are being followed for cause-specific mortality
and morbidity, and for any hospital admission through linkages
with registries and health insurance (HI) databases.

Results Overall, 512891 adults aged 30-79 years were recruited, including
41% men, 56% from rural arecas and mean age was 52 years. The
prevalence of ever-regular smoking was 74% in men and 3% in
women. The mean blood pressure was 132/79 mmHg in men and
130/77mmHg in women. The mean body mass index (BMI) was
23.4kg/m” in men and 23.8kg/m” in women, with only 4% being
obese (>30kg/m?), and 3.2% being diabetic. Blood collection was
successful in 99.98% and the mean delay from sample collection to
processing was 10.6 h. For each of the main baseline variables, there
is good reproducibility but large heterogeneity by age, sex and study
area. By 1 January 2011, over 10000 deaths had been recorded,
with 91% of surviving participants already linked to HI databases.

Conclusion This established large biobank will be a rich and powerful resource
for investigating genetic and non-genetic causes of many common
chronic diseases in the Chinese population.
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Introduction

Chronic non-communicable disease such as ischaemic
heart disease (IHD), stroke and cancer are now sub-
stantial causes of death and disability in low- and
middle-income countries, such as China.'” At current
death rates, 17 of the 18 million children born each
year in China will survive until age 35 vyears,
but ~7 million will then die in middle age
(35-69 years), mainly due to various chronic dis-
eases.”” Population mortality rates from many
common chronic diseases such as IHD and lung
cancer have been declining in most Western coun-
tries, but they are increasing in China as a result of
adverse changes in lifestyle, diet and tobacco use.””’
For each major chronic disease, there is still large un-
explained variation in the age-specific rates between
different populations and, within China, between dif-
ferent regions,® '’ suggesting that some important
non-genetic causes remain to be discovered. In add-
ition, genetic factors and gene-environment inter-
actions are likely to play important roles in disease
causation.""™"*  Although case—control studies may
suffice for the study of purely genetic factors, large
blood-based prospective cohort studies are essential
for the unbiased assessment of the relevance of both
genetic and environmental factors, and their inter-
actions, as determinants for common chronic
diseases.

Several important causes of various chronic diseases
are already known,'*'” but this knowledge is mainly
based on studies in the West and does not generally
suffice to explain much of the large geographic
differences in disease rates around the world and
between different regions of China.®*'%'® In part,
this may reflect the unreliability of present estimates
of the age-specific importance of prolonged exposure
to known risk factors in different populations,
particularly when they are acting in combination
with each other."””'” Although there have already
been several prospective studies of major chronic
diseases in China,'”** each has had its limitations,
including insufficient numbers,'”**** lack of blood
samples,”>?! involving just one city or occupational
cohort®>?* and limited data collection on risk
exposures and outcome measures.'* ' Consequently,
the aetiology of many common chronic diseases
in China is still poorly understood, and there is
still substantial uncertainty about the present and
future relevance to population mortality of many
common risk factors, such as smoking.?*?° In 2004,
we launched a large blood-based prospective study,
the China Kadoorie Biobank [CKB, known previ-
ously as the Kadoorie Study of Chronic Disease
in China (KSCDC)], with the goal of recruiting
and assessing 0.5 million people and then following
their health for at least 2 decades.”” We report
here the detailed survey methods, the main baseline
characteristics of the participants and status of
follow-up.
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Materials and Methods

Baseline survey

The study took place in 10 geographically defined re-
gions (5 urban and 5 rural) of China, chosen accord-
ing to local disease patterns, exposure to certain risk
factors, population stability, quality of death and dis-
ease registries, local commitment and capacity. For
the baseline survey, a Regional Coordinating Centre
(RCC) and survey team, consisting of about
15 full-time staff with medical qualifications and
fieldwork experience, were established in each of
the 10 study areas. Potentially eligible participants
in each of 100-150 administrative units (rural villages
or urban residential committees) selected for the
study within each region were identified through of-
ficial residential records, and invitation letters (with
study information leaflets) were delivered door-to-
door by local community leaders or health workers,
following extensive publicity campaigns. As a
pre-requisite for participating, all participants were
asked to bring their unique national identity (ID)
cards to the assessment centre set up in the local
community. To encourage participation, any individ-
uals attending the baseline survey who were slightly
outside the target age range (35-74 years) were not
turned away.

After registration and giving informed written
consent (which allows access to their medical records
and long-term storage of blood for anonymized and
non-specified medical research purposes), each par-
ticipant moved through various stations in the assess-
ment centre. The whole clinic visit typically took
~60-75min to complete. The target daily recruitment
rate was 70-80 participants per region (i.e. overall
daily recruitment of 700-800 participants).

The interviewer-administered electronic question-
naire consisted of 10 major sections related to general
demographic and socio-economic status, dietary and
other lifestyle habits (e.g. smoking, alcohol and tea
drinking), exposure to passive smoking and domestic
indoor air pollution, medical history and current
medication, physical activity, sleeping and mental
status (using CIDI-SF?*) and reproductive history
(for women). The physical measurements included
height, weight, hip and waist circumference,
bio-impedance, lung function, carbon monoxide
(CO), blood pressure and pulse rate, using standard
instruments and protocols and with regular calibra-
tions.?” In addition, blood spot tests were also done
on random blood glucose and hepatitis B surface anti-
gen (but not on any other blood-related markers).*’

For ecach participant, a 10-ml non-fasting blood
sample (with time of last meal recorded) was col-
lected into one EDTA vacutainer (BD Hemogard™,
USA). The samples were then kept in a portable, insu-
lated cool box with ice packs (to maintain their tem-
perature at 0-4°C) for up to a few hours before being
taken to the local study laboratory for immediate pro-
cessing. After centrifuging and aliquoting, the four
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cryovials (including one DNA-containing buffy coat)
from each blood sample were stored in a —40°C freez-
er for 3—4 months, before being couriered on dry ice
to the central blood repository in Beijing for storage at
—80°C. Every 6 months, two frozen aliquots of plasma
sample from each participant were couriered on dry
ice from Beijing to Oxford for long-term storage in
liquid nitrogen tanks.

Within a few weeks of the initial baseline survey in
a particular community (e.g. village), a quality control
(QC) survey was done, involving ~3% of the partici-
pants randomly selected from that community with
repeat questionnaire and measures on selected
items. During the course of the survey, regular central
monitoring was also undertaken to assess the recruit-
ment rate, the distribution of certain key variables,
the time delay with blood processing and consistency
of the data collected, both overall and by individual
staff. On-site monitoring visits were also undertaken
every 6 months by provincial Centres for Disease
Control and Prevention (CDC) staff and annually by
Oxford/Beijing staff.

Overall, a total of 354 local staff were involved in
the baseline survey and the total number who com-
pleted 95% of all the data collection for the whole
study was 21 for initial registration and consenting,
20 for anthropometric measurements, 24 for blood
pressure measurements and blood collection, 23 for
lung function and CO and 113 for the main
questionnaire.

Prior to starting the project, central ethics approvals
were obtained from Oxford University, and the China
National CDC. In addition, approvals were also
obtained from institutional research boards at the
local CDCs in the 10 regions.

Re-survey

Following completion of the baseline survey in July
2008, a re-survey was undertaken in 10 study regions
during August and October 2008. It involved ~5% of
randomly chosen surviving participants and used ad-
ministrative unit (i.e. rural village or urban residential
committee) as the basic sampling unit. Apart from a
few additional questions (e.g. recent hospitalization),
the data collection and survey procedures were much
the same as in the baseline survey. The data from this
first re-survey (as well as the planned subsequent
periodic re-surveys) will allow, after controlling for
‘regression dilution’ bias,”® unbiased prospective as-
sessment of associations between long-term ‘usual’
levels of particular risk exposures and disease in the
whole population. For the subsequent re-surveys, new
and more detailed data collection to the study (e.g.
better measures of physical activity or dietary pat-
terns) will be considered, so that information col-
lected at the baseline survey can be calibrated and
enhanced.”®

Long-term follow-up

All 10 study regions are part of China’s Disease
Surveillance Points (DSP) system, which provides
mortality statistics for the entire country.” The vital
status of study participants is being monitored regu-
larly through official residential records and death
certificates reported to the Regional CDC, where
each study RCC office is based. Any deaths occurring
among participants are coded (using the 10th
International Classification of Diseases, ICD-10) by
trained staff ‘blinded” to baseline information.
Causes of death from official death certificates are
being supplemented, if necessary, by review of med-
ical records (which are usually available). To help
minimize the under-reporting of deaths and to iden-
tify participants who have moved permanently out of
the study areas, separate active confirmation of vital
status is also being carried out annually by reviewing
of residential records and/or by visits to local commu-
nities. For any additional deaths not identified
through routine procedures, the causes will be
sought by reviewing hospital records or by conducting
a verbal autopsy using a validated instrument.”’

Information on disease incidence for stroke, IHD,
cancers and diabetes is also being collected through
linkage with established disease registries that is cur-
rently available in 8 out of the 10 study areas. Future
follow-up for incident cases of these conditions, as
well as for many other types of hospital admission,
will be based chiefly on electronic linkage with the
new national health insurance (HI) claim databases
that are now fully established in all 10 study regions.
Based on the initial linkages done in study areas, per-
sonal information can be matched to these HI data-
bases for most of the participants using the unique
national ID, and ~4-5% of the participants had had at
least one hospital admission recorded each year. The
main phase of data collection through local HI data-
bases is now starting in all study areas. To help im-
prove the accuracy of diagnosis and phenotyping of
reported conditions, outcome adjudication and further
data collection for specific disease or diagnostic infor-
mation (e.g. oestrogen receptor status for breast
cancer) will also be undertaken for a range of major
diseases.

Statistical analysis

For baseline variables, the mean values and preva-
lences were calculated separately for men and
women, standardized by 5-year age group and areas.
Where necessary, data were also analysed separately
for urban and rural areas. For agreement between
baseline and subsequent data collected at QC survey
and re-survey, weighted kappa (k) or Spearman
correlation analyses were used. All analyses were
conducted using SAS version 9.2.



Results

Overall, 515681 people attended the baseline survey
between June 2004 and July 2008, of whom 261
(0.05%) withdrew before completion, 2208 (0.4%)
were found subsequently to have inadvertently at-
tended the survey twice at different time points and
1 had major data errors. The estimated population
response rate was ~30% (26-38% in the five rural
areas and 16-50% in the five urban areas). Of the
513211 participants with valid baseline data (i.e.
completed questionnaire, physical measurements and
consent form), blood collection was successful in
99.98% and the mean delay from blood sample col-
lection (with immediate chilling) to sample separ-
ation (with immediate freezing) was 10.6 h.

Overall, of the 512 891 participants aged 30-79 years
(i.e. excluding 320 outside this age range) for the pre-
sent analysis, 41% of the participants were men, 56%
were from rural areas and the mean age was 52 years.

® Urban
O Rural
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The number recruited from each area ranged from
about 30000 in Haikou to over 63000 in Henan
(Figure 1). There was a significant deficit in the
number of participants born in 1958-61, which coin-
cides with the great famine in China, compared with
previous or subsequent years (Figure 2), and this pat-
tern was seen in all regions. Tables 1 and 2 show the
baseline characteristics of the study participants.
Nearly all were married and the proportion having
no spouse (mainly widowed) was more than twice
as high in women as in men (11.3 vs 4.9%), reflect-
ing higher death rates in men than in women. About
half of the participants had at least 6 years of formal
education, and the proportion was much higher in
men than in women and in urban than in rural
regions and varied significantly by area and year of
birth (Figures 3 and 4). At baseline, >80% had basic
health cover, and there has been further increase in
the coverage rate during the subsequent years follow-
ing the health-care reform. The prevalence of

@ Haikou (29689)

Figure 1 Locations of the 10 survey sites and number recruited. Open circles indicate rural areas and solid circles indicate
urban areas. Number recruited at baseline in each area is shown in brackets



1656 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY

5

% of participants
]

H

|

o
L
1930

1935 —
1940 —
1945

T T T T T
o [Te] [= [Te] o
n n © © N~
(] o o o )
- - - - -

Birth year

Figure 2 Proportion of participants born in each calendar year. Open bars indicate people born during these years were
cligible for only part of the 4-year recruitment period at baseline survey due to age restriction. The effects of the 1959-61
famine vary by site. The small numbers of participants born before 1930 or after 1973 are shown as 1930 or 1973,

respectively

ever-regular smoking was much higher in men than
in women (74 vs 3%); among men, it varied little by
area and age (Figures 3 and 4) but among women,
there has been a major decrease since 1950 in smok-
ing uptake rates, so the habit is extremely uncommon
(<1%) in women born since 1950 (Figure 4). For
regular alcohol and tea drinking (mainly green tea),
large differences in prevalence were also seen between
men and women and, among men, the prevalence
varied greatly by area (Figure 3).

At baseline, nearly all reported daily consumption of
fresh vegetables, whereas the proportions consuming
meat/poultry, fish/sea food, egg, soybean products,
fresh fruit on most days were 47, 9, 25, 10 and
28%, respectively (Table 1). Although only 12% re-
ported consumption of dairy products, there was
>10-fold variation across the study areas, as is the
case for the consumption of spicy food (Figure 3).
Overall, 17% of the participants reported taking food
supplements (e.g. multi-vitamins) regularly and, in
both sexes, this percentage increased steadily with
higher age (Figure 4). About half reported using
smoky cooking fuel (stalks, wood or coal) and the
proportion was almost 10 times as high in rural as
in urban areas (Figure 3).

Only about 5% of the women reported having me-
narche before the age of 13 years, but the proportion

increased almost linearly with year of birth, with ex-
ception of an anomalous drop among women born in
1940-45, reflecting delayed menarche due to the
1959-61 famine (Figure 4). Nearly all of the women
in the study had given birth, and 6.6% reported
having had five or more live births, which was sig-
nificantly higher in rural than in urban areas and
among older women (Figure 4) and varied greatly
across 10 areas even at old age (Figure 3). Only
about 10% of the women reported ever using oral
contraceptives, with the proportion ranging from
<1 to ~40% at reproductive ages in different areas
(Figure 3).

The overall estimated total daily energy expenditure
(based on type, strength and duration of each type of
work, transportation, exercise and household-related
work’*?> was about 26 Metabolic Equivalent of Task
(MET) hours, with little difference between men and
women (Table 2). Mean body mass index (BMI) was
23.4kg/m? in men and 23.8kg/m® in women, with
only 4% being obese (>30kg/m?). Across the 10
study areas, the prevalence of obesity ranged from
1.6 to 11% (Figure 3). Although stroke rates are
high in China, the mean blood pressure at baseline
was only 132/79 mmHg in men and 130/77 mmHg in
women. With the exception of hypertension, a small
proportion of participants also reported having various



Table 1 Selected characteristics of study participants at baseline survey, 2004-08
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Characteristics® Men (n=210222), % Women (n=302669), % Total (n=512891), %

Age (years)

30-39 14.1 15.9 15.2

40-49 28.2 30.9 29.8

50-59 30.3 31.0 30.7

60-69 19.7 16.7 17.9

70-79 7.8 5.5 6.4

Mean (SD) 52.8 (10.9) 51.5 (10.5) 52.0 (10.7)
Marital status

Married with spouse 93.6 88.5 90.6

Widowed, separated, divorced 4.9 11.3 8.7

Never married 1.5 0.2 0.7
Highest education completed

No formal school 7.5 26.3 18.6

Primary school 33.0 31.7 32.2

Middle school 33.6 24.6 283

High school 18.0 13.1 15.1

College or university 8.0 4.4 5.9
Socio-economic status

Household income >20000 Yuan/year 46.0 40.4 42.7

Having health cover 85.0 80.2 82.2

Having landline or mobile phone 89.5 88.4 88.9

Having flushing toilet in home 50.7 50.5 50.6

Having holiday in last 5 years 9.4 9.8 9.6
Smoking history

Never 14.4 95.0 61.9

Occasional 11.3 1.8 5.7

Ever regular 74.4 3.2 324

Current regular 61.2 23 26.4
Regular drinking of beverages

Alcohol (weekly) 333 2.0 14.8

Tea (on most days) 46.8 18.7 30.2
Regular consumption of certain foodstuffs

Fresh vegetables 98.3 98.3 98.3

Meat/poultry 52.3 44.1 47.4

Fish/sea food 9.5 8.4 8.9

Egg 25.7 23.6 24.5

Soybean 10.6 9.3 9.9

Fresh fruit 23.1 31.7 28.2

Dairy products 10.7 12.7 11.9

Spicy food 37.1 35.1 35.9

Food supplement (e.g. vitamins) 14.4 19.3 173
Exposure to domestic air pollution

Use of smoky cooking fuel® 38.9 52.9 49.3

Home smoky in winter 40.6 39.5 40.0
Reproductive history in women

Age at menarche <13 years 5.5

Age at first live birth <20 years 9.4

Having five or more live births 6.6

Age at menopause <50° 52.0

Ever used contraceptive pill 9.8

“Apart from total and gender-specific variables, all other values in the table are adjusted for age.

PRestricted to participants who reported doing some cooking at home.
“Restricted to women who were aged >50 years at baseline survey.
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Table 2 Anthropometric characteristics, physical activities and prevalence of prior disease at baseline survey, 2004-08

Characteristics® Men (n=210222), % Women (n=302669), % Total (n=512891), %

Height (cm)

<155 4.6 55.7 34.7

155-159 14.9 283 22.8

160-164 279 13.0 19.1

>165 52.5 3.1 234

Mean (SD) 165.4 (6.5) 154.0 (6.0) 158.7 (8.3)
BMI (kg/m?)

<18.5 43 4.4 4.4

18.5 to <22.5 36.7 32.7 34.3

22.5 to <25 28.0 28.6 28.4

25 to <30 28.1 294 28.8

=30 2.9 4.9 4.1

Mean (SD) 234 (3.2) 23.8 (3.5) 23.7 (3.4)
Waist circumference (cm)

<70 10.1 16.7 14.0

70-79 33.6 38.6 36.5

80-89 344 314 32.6

90-99 17.9 11.1 13.9

>100 3.9 23 2.9

Mean (SD) 82.0 (9.8) 79.1 (9.5) 80.3 (9.8)
Body fat percentage

<15 13.1 0.4 5.6

15-24 56.0 15.1 31.9

25-34 28.6 51.7 423

=35 24 32.7 20.2

Mean (SD) 22.0 (6.2) 321 (7.1) 27.9 (8.4)
Systolic BP (mmHg)

<100 1.9 4.4 3.4

100-119 24.8 31.0 284

120-139 43.5 36.4 39.3

140-159 20.2 17.9 18.9

=160 9.4 10.4 10.0

Mean (SD) 132 (20) 130 (22) 131 (21)
Blood glucose (mmol/l)

<5.0 30.4 214 25.5

5.0-7.9 60.1 68.3 66.0

8.0-11.0 5.1 5.4 5.4

>11.1 2.8 3.1 3.1

Mean (SD) 5.9 (2.3) 6.2 (2.3) 6.1 (2.3)
Total physical activity (MET hours/day)

<10 7.8 2.5 4.7

10-19.9 26.0 255 25.8

20-29.9 35.1 38.2 36.9

30-39.9 219 23.0 22.6

=40 9.2 10.7 10.1

Mean (SD) 25.5 (12.0) 26.6 (10.3) 26.1 (11.1)
Prior disease history

IHD 25 3.4 3.0

Stroke/TIA 2.2 14 1.7

Diabetes 2.7 34 3.2

TB 2.0 1.2 1.5

Chronic respiratory diseases 3.0 23 2.6

Chronic hepatitis/cirrhosis 1.7 0.8 1.2

Peptic ulcer 5.3 2.9 3.9

Rheumatoid arthritis 1.4 2.5 2.1

Cancer 0.4 0.5 0.5

TIA, Transient Ischaemic Attack; TB: Tuberculosis.
?Adjusted for age.
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Figure 3 Variation of selected baseline variables across 10 study areas. Adjusted for age and for male and female combined results, additional adjustment was also
made for sex. (a) Overall: per cent with >6 years education; (b) men: per cent ever-regular smokers, (c) men: per cent drinking alcohol weekly, (d) men: per cent

drinking tea regularly; (e) overall: per cent consuming dairy food regularly; (f) overall: per cent eating spicy food regularly; (g) overall: per cent taking food
supplements; (h) overall: per cent using smoky cooking fuel; (i) overall: per cent obese; (j) women (65-74 years): per cent with five or more live births; (k) women
(35-44 years): per cent using oral contraceptives; and (1) overall: per cent with diabetes reported. Open bars indicate rural areas and grey bars indicate urban areas
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chronic conditions (Table 2) For certain conditions,
such as diabetes, there was large variation across
the 10 study areas (Figure 3) and inclusion of
random blood glucose measured at baseline did not
alter the patterns of regional variation. Waist/hip ratio
was found to be more strongly associated with dia-
betes compared with other measures of adiposity in
both men and women (Figure 5).

At the baseline, QC survey data were available for
15728 participants (3.1%), with the mean length of
time between baseline and QC survey being 17 days
[standard deviation (SD) =36 days]. There was good
agreement between the baseline and QC survey for
several common variables, with the weighted k coef-
ficient being 0.94 for tobacco use, 0.79 for alcohol
drinking, 0.77 for tea drinking, 0.94 for women’s
menopausal status, 0.91 for number of pregnancies,

0.85 for age at menopause and 0.76 for use of contra-
ceptive pills. The within-person Spearman correlation
coefficients between baseline and QC measures were
0.84 for systolic blood pressure (SBP) and 0.77 for
diastolic blood pressure (DBP). For the re-survey in
2008, of the total invited, 19802 (80%) attended it,
with the response rate being higher in rural (84%)
than in urban areas (75%), and slightly higher in
women (81%) than in men (78%). For most of the
variables examined, especially various physical meas-
urements (Table 3), there was good agreement with
the baseline measures. The height, weight and BMI
showed extremely high correlation with baseline
measures (0.99, 0.96 and 0.93, respectively), whereas
for other measures of adiposity (waist and hip cir-
cumferences, and body fat percentage), they ranged
from 0.82 to 0.90. For SBP, it was 0.70 without any
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Table 3 Spearman correlation coefficients for selected physical measurements between baseline survey and re-survey

among 19 788 participants

Variables Men (n=7770)

Women (n=12018) Overall® (n=19788)

Standing height 0.98
Sitting height 0.89
Weight 0.96
BMI 0.94
Waist circumference 0.87
Hip circumference 0.82
Body fat percentage 0.81
Heart rate 0.51
SBP 0.65
DBP 0.64

0.99 0.99
0.89 0.92
0.95 0.96
0.93 0.93
0.82 0.84
0.81 0.82
0.85 0.90
0.53 0.53
0.72 0.70
0.67 0.66

INot adjusted for sex. For sitting height and body fat percentage, the sex-adjusted correlation coefficients are 0.88 and 0.84,

respectively, whereas for other variables little change was seen.

adjustment for months of measurement, which
affected blood pressure greatly (and heart rate to a
lesser extent) due to seasonal variation in outdoor
temperature (data not shown).

By 1 January 2011, 10763 people (2.1%) were
known to have died, 956 (0.2%) were lost to
follow-up (Table 4). Overall, linkage to local HI data-
bases had already been achieved for 91% of the par-
ticipants, ranging from 76% in Haikou to 99% in
Sichuan. Based on death and disease registries (but
not HI), there were 9475 new cases of stroke
(including 8008 first incident events), 4071 THD and
6381 cancer cases reported.

Discussion

The CKB is one of the largest blood-based prospective
studies ever conducted. It aims to assess the effects of
both established and emerging risk factors for many
different diseases, not only overall but also in a range
of different circumstances (e.g. at different levels of
other risk factors). By storing both plasma and DNA
samples, it will also allow reliable assessment of
the relevance of many genetic and other novel
blood-related factors that will be proposed in the
future as determinants of chronic diseases. To achieve
rapid recruitment cost-effectively and to target regions
with high rates of certain conditions (e.g. stroke,
chronic obstructive pulmonary disease [COPD]), the
study cohort is not designed to be representative of
the general population in China. Despite this, the in-
clusion of an extremely large number of people from
diverse populations should help to generate important
new findings about the causes of many diseases that
will be generalizable to other populations with differ-
ent distribution of risk exposures.’* The collection of
non-fatal disease events will not only greatly increase
the statistical power of the study, but also improve
the reliability of diagnosis for these conditions [e.g.

~80% of the reported stroke cases can be confirmed
and subtyped based on computerised tomography
(CT) or magnetic resonance imaging (MRI) scans].
The establishment of electronic linkage with the HI
databases in the study areas, which was not envi-
saged at the beginning of the study,”” will further
increase the statistical power and the range of condi-
tions that can be investigated reliably.

Given the extensive range of data collected, it is not
feasible to provide detailed descriptive analyses in this
article of all the information that was collected.
Nevertheless, the results that are presented demon-
strate great heterogeneity of many major risk factors
for chronic disease within the study population. Of
particular concern is the high prevalence of tobacco
smoking in Chinese men, which has followed a simi-
lar pattern, albeit 40 years later, to that observed
among adults in the USA."” On the whole, only a
small proportion of Chinese women smoke and, un-
expectedly, there has been a progressive decrease over
the past few decades in the probability of women
starting to smoke. If this low uptake of smoking by
young women continues, then although the propor-
tion of deaths before the age of 70 years that is attrib-
uted to smoking may increase from ~12% in 1990 to
~33% in 2030 among Chinese men, it will probably
decrease from ~3 to <1% among Chinese
women.”*?%?> Long-term continuation of the present
study will help monitor the tobacco epidemic over the
next few decades in China.

For each of the other selected variables that are pre-
sented, there is also large heterogeneity by age, sex
and study area. For some, the observed variation may
be driven mainly by environmental factors (e.g. sea-
sonality of blood pressure) or due to upheavals in
recent Chinese history (e.g. number of participants
by birth year and anomalous changes in secular
trend of age at menarche); for some, it may be due
to birth cohort effects (e.g. age at menarche and birth
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Table 4 Status of long-term follow-up for mortality and hospitalized events in 10 study areas by 1 January 2011

Percentage
Number of Number Number linked to Year when

Study area participants died lost HI database® HI started
Qingdao 35509 358 117 97 2002
Harbin 57555 1146 497 87 2001
Haikou 29689 99 0 76 2005
Suzhou 53260 813 101 91 2004
Liuzhou 50173 850 0 89 2000
Sichuan 55687 1682 25 99 2006
Gansu 50041 1077 17 91 2006
Henan 63357 1718 11 89 2005
Zhejiang 57704 1327 13 97 2002
Hunan 59916 1693 175 90 2006
Total 512891 10763 956 91

“Linkage with HI databases was achieved through the unique national ID number and further checks and linkage using other

procedures will be done for unmatched participants.

In most urban areas, the good coverage of HI in general population was achieved mainly after 2005.

rates at different ages in women) or due to different
stages of socio-economic development (e.g. prevalence
of obesity and of diabetes across different areas); for
some it may be accounted for by local traditions that
have persisted for generations (e.g. eating spicy food
in certain regions) or due to age-related changes in
certain dietary patterns (e.g. eating dairy food and
taking food supplements) and for many it could
well involve a combination of different factors.
Understanding these variations by age and sex, or
by geographic location, is not the primary aim of
the present prospective cohort study, but the large
heterogeneity observed for most of the variables stu-
died (probably much more extreme than in many
other populations) will greatly increase the scientific
value of the study. For example, with many low
values for BMI (and probably for blood cholesterol),
both the risks and benefits associated with low BMI
(or low cholesterol) can be assessed, avoiding confu-
sion between what is ‘statistically” normal (e.g. aver-
age BMI of ~30kg/m” in the USA)’® and what is
‘biologically’ optimal (e.g. average BMI of
20-22 kg/m* among most of the rural participants in
the present study), which is associated with the lowest
overall mortality.'* Such prospective evidence will be
essential for assessing the appropriateness of having
regional-specific cut-points for defining overweight
and obesity.'® Moreover, the availability of different
measures of adiposity (e.g. BMI, waist circumference
and body fat percentage) in the present study will also
allow for reliable assessment of their relative values for
different conditions. For example, waist/hip ratio was
shown to be more strongly associated with prevalence
of diabetes compared with other measures of adipos-
ity, but this needs to be confirmed further by prospect-
ive analysis of the disease incidence data. The

inclusion of large number of people born during the
great famine in 1959-61 also provides a good oppor-
tunity to assess the relevance of nutritional depriv-
ation early in life to chronic diseases later in life.’”
In summary, we have successfully established the
large CKB and good linkages with various health
record systems for long-term follow-up of study par-
ticipants. With another 5 years of follow-up, there
will be about 25000 deaths and about 100000 hospi-
talized events. This will help to provide reliable evi-
dence about the effects of smoking, adiposity, blood
pressure and many risk factors for major diseases.
Stroke is the largest cause of serious disability and
death in China.’®*?” With accumulation of large
number of well-characterized stroke cases among
the study participants, it will soon allow a uniquely
large blood-based nested case—control study of genetic
and non-genetic causes of stroke to be conducted. As
follow-up continues, subsequent studies of a wide
range of risk factors for a range of other common
conditions will also be possible. This large biobank
will be a powerful resource for investigating, both in-
dependently and in collaboration with other similar
studies around the world,**™* the main causes of
many common chronic diseases over the next few
decades. The information generated will be of general
relevance to the better understanding of disease aeti-
ology not only in China but also in other countries.
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KEY MESSAGES

e A total of 512891 men and women aged 30-79 years were recruited from 10 geographically diverse
areas of China, with extensive data collection and long-term storage of blood samples.

e For each of the main baseline variables analysed (e.g. smoking, alcohol, BMI, blood pressure and
prior history of diabetes), there is large heterogeneity by age, sex and study area.

e The established linkages with mortality and morbidity registries as well as with national HI system
will soon allow for reliable prospective assessment of main genetic and non-genetic determinants of a
range of common conditions in Chinese population.
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