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Abstract

Blood pressure and stroke pathological types in Chi na: an analysis of
500,000 men and women in the China Kadoorie Biobank  study
Benjamin W. H. Lacey, St Cross College, University of Oxford.

A thesis submitted for the degree of Doctor of Philosophy, Trinity Term 2013.

Background: Stroke is a leading cause of disability and premature death in China
and blood pressure is widely considered to be a major cause. Despite this,
substantial uncertainty remains about the shape and strength of the association

between blood pressure and stroke pathological types in China.

Methods: Information from the China Kadoorie Biobank study (a prospective
cohort study of 0.5 million men and women in China recruited during 2004-8) was
used to relate usual blood pressure to risk of stroke, by stroke pathological type
(cerebral infarction [ischaemic stroke], intracerebral haemorrhage and
subarachnoid haemorrhage). Prospective analyses excluded participants with a
history of vascular disease recorded at baseline; involved correction for regression
dilution bias; used incident stroke events for which the diagnosis involved a head
CT or MRI scan; and, assessed for confounding and effect modification by major
vascular risk factors. These prospective analyses were informed by a set of prior
analyses, including: a description of baseline associations between blood pressure
and other vascular risk factors, to identify potential confounders; analyses of
resurvey blood pressure data from ~20 000 participants, to assess regression
dilution bias; and analyses of stroke follow-up data, involving an adjudication ‘sub-
study’ performed specifically as part of this thesis, to evaluate the diagnostic

accuracy of incident stroke events (~1000 events were adjudicated).



Results: During 2.1 million person-years at risk, there were 5783 incident stroke
events. At ages 40-79 years, the proportional difference in risk of both cerebral
infarction and intracerebral haemorrhage associated with a given absolute
difference in usual blood pressure was constant throughout the range of blood
pressures examined (SBP 120-170 mm Hg, DBP 70-100 mm Hg). Overall, the
strength of association was approximately 1.5-times greater for intracerebral
haemorrhage than for the other stroke pathological types: 10 mm Hg higher usual
SBP was associated with 82% (95% CI. 76%-89%) higher risk of intracerebral
haemorrhage, 47% (44%-50%) higher risk of cerebral infarction and 52% (35%-
71%) higher risk of subarachnoid haemorrhage (the overall mean age at event for
each stroke pathological type was ~60 years). For both cerebral infarction and
intracerebral haemorrhage, there was strong evidence of major effect modification
by age and to a lesser extent by a number of other vascular risk factors. The
associations by age were around a third as extreme at age 70-79 years than at 40-
49 years. The annual absolute differences in risk associated with a given absolute

increase in usual blood pressure, however, were greater at older age.

Conclusions: In Chinese adults, usual blood pressure was strongly and positively
related to risk of all stroke pathological types. The strength of association was
greater for intracerebral haemorrhage than other stroke pathological types. For
both cerebral infarction and intracerebral haemorrhage, there was evidence of
major effect modification by age. The overall effect of blood pressure on stroke risk
was much greater than estimated by previous prospective studies in China,

particularly for intracerebral haemorrhage.
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Chapter 1: Introduction

Stroke is a leading cause of disability and premature death in China, accounting
for ~2 million deaths in 2008.* Raised blood pressure is widely considered to be a
major cause,? but many important details about the relationship between blood
pressure and stroke in China remain unclear. This thesis addresses the
uncertainties about the shape and strength of the associations between usual
blood pressure and risk of the main pathological types of stroke, using cross-
sectional, resurvey and prospective data from the largest ever prospective

observational study in China, the China Kadoorie Biobank.?

This chapter first defines stroke and the main pathological types of stroke; it then
describes the occurrence of stroke in China; this is followed by an introduction to
the main known determinants of stroke worldwide, focusing on the relationship
between blood pressure and stroke. The current evidence describing the
relationship between blood pressure and stroke specifically in China is not
covered in this chapter, however, but is reviewed systematically in chapter 2, the

Literature Review.

1.1 Definition of stroke and the main pathological types of stroke

Stroke has been defined by the World Health Organization as ‘a clinical syndrome
consisting of rapidly developing clinical signs of focal (at times global) disturbance

of cerebral function, lasting more than 24 hours (unless interrupted by surgery or



death) with no apparent cause other than that of vascular origin’.* This definition
has remained virtually unchanged since it was originally proposed in the 1960s
and is a standard definition used throughout the world in epidemiological research
and clinical practice.” It is a clinical diagnosis and does not require radiological
imaging findings. The 24 hour threshold was set arbitrarily as a means of
increasing the specificity of clinically diagnosing conditions of primary vascular

origin likely to have resulted in permanent neurological injury.®

Stroke is not a single disease: it is a heterogeneous group of cerebrovascular
disorders. There are three major pathological types: ischaemic stroke,
intracerebral haemorrhage and subarachnoid haemorrhage.” Ischaemic stroke
occurs as a result of an occlusion or significant stenosis of an artery supplying the
brain, intracerebral haemorrhage occurs as a result of an arterial bleed directly into
an intraparenchymal region of the brain, and subarachnoid haemorrhage occurs
as a result of an arterial bleed directly into the subarachnoid space. Each type can
be further divided into subtypes according to the pathological nature, or site within
the brain, of the causative lesion (figure 1.1). Diagnosing the pathological type of
stroke requires clinical criteria of stroke to be fulfilled together with the appropriate
findings from an autopsy or radiological imaging of the head using a computed
tomography (CT) scan or magnetic resonance imaging (MRI); subarachnoid
haemorrhage can also be diagnosed from the appropriate findings of a lumbar

puncture.®



1.2 Stroke occurrence in China

A few well-designed studies have attempted to measure the incidence of stroke in
various parts of China since the 1980s.%'%* The most internationally comparable
results are from the World Health Organisation MONICA project. This is an
international collaborative study, initiated in 1981, with the objective of measuring
trends and determinants of cardiovascular disease in a selection of populations
around the world, including China. The Sino-MONICA project measured stroke
incidence in Beijing between 1985 and 1987 as part of this study.'® Annual stroke
incidence rates in Beijing at age 35 to 64 years, age-standardised to the Segi
World Population, were 275 per 100 000 for males and 125 per 100 000 for
females. The incidence of stroke in the other MONICA sites that measured stroke
incidence at this time (those in western or eastern Europe, including Russia)
ranged from 100 to 290 per 100 000 for males and 50 to 220 per 100 000 for
females. The incidence of stroke in Beijing was higher than other MONICA sites in
central and southern Europe and lower than sites in Russia, Finland and
Lithuania.'® These comparatively high stroke incidence rates in Beijing are
consistent with high stroke mortality rates reported through China’s mortality
surveillance system at a national level. National stroke mortality rates in 2008 at
age 35-69 years were considerably higher in China for both sexes than in Japan,

USA and UK, and somewhat higher than in Poland (table 1.1).

The Sino-MONICA project was expanded in 1987 to include 17 regions, distributed
throughout China; the study measured stroke incidence between 1987 and 1993.**

It found considerable variation in incidence, with a ten-fold difference between



sites: the annual incidence rates at age 35-64 years, again, age-standardised to
the Segi World Population, ranged from 74 to 751 per 100 000 for males and 41 to
406 per 100 000 for females. In both sexes, the incidence tended to be higher in
northern than southern regions. Similar studies of stroke mortality in China have
also described a marked geographic variation, with higher rates in the north of the
country.**** Figure 1.2 illustrates the geographic variation in stroke mortality in
67 rural counties in China from a study™® conducted in the late 1980s, but
independently analysed and mapped here, for the purpose of this thesis. The
study shows that county stroke mortality rates were uniformly high compared to
the West; the equivalently calculated annual stroke mortality rates at age 35-69
years for 1990 in the UK was 41 deaths per 100 000 for males and 32 deaths per
100 000 for females.'* The reason for the enormous variation in stroke incidence
and mortality in China remains largely unexplained.® Further analyses from the
same study, found that the geographic variation in rates in China was poorly
explained by variation in the prevalence of established vascular risk factors, such
as blood pressure and blood cholesterol level, at a county level (table A.1 and

figure A.1 in appendix A).

The Sino-MONICA project in Beijing continued until 2004.*> Overall, the incidence
of stroke at age 25-74 years increased in both males and females over the 20-year
study period. Age-standardised to population distribution of the China national
census in 2000, the annual incidence of stroke in males, increased from 208 to
291 per 100 000 and in females from 171 to 205 per 100 000. Clinical criteria
rather than CT or MRI were used to diagnose the pathological type of stroke in the

first few years of the study and, as such, reliable incidence rates by stroke



pathological type are only available for the last decade of the study, from 1994 to
2004: the CT scan rate increased from <5% of all reported strokes in 1985 to 84%
in 1994, and 97% in 2004. In males, the annual incidence of ischaemic stroke at
age 25-74 years slightly increased over this last decade, from 236 to 242 per
100 000, whereas the incidence of intracerebral haemorrhage fell from 70 to 49
per 100 000. Likewise, in females, the annual incidence of ischaemic stroke at age
25-74 years increased over the same period from 159 to 183 per 100 000, whilst

that of intracerebral haemorrhage fell from 63 to 22 per 100 000.

The incidence rates for each pathological type of stroke in the Sino-MONICA
project in Beijing are higher than those reported in high quality studies conducted
in the West at around the same time. ***3° For comparison, the annual incidence
rates at age 25-74 years in the North East Melbourne Stroke Incidence Study*’ for
1996 to 1997, age-standardised to the Chinese population in 2000*® (age-specific
comparisons were not possible as these were not reported for the Sino-MONICA
project in Beijing), were 117 per 100 000 and 27 per 100 000, for ischaemic stroke
and intracerebral haemorrhage, respectively, in males, and 86 per 100 000 and 18
per 100 000, for ischaemic stroke and intracerebral haemorrhage, respectively, in
females. These rates for ischaemic stroke are around half those reported in the
Sino-MONICA project in Beijing in 1994, and for intracerebral haemorrhage
somewhat less than half. The rates in North East Melbourne were broadly similar
to other community-based studies conducted in the UK,'® USA™ and other parts of

Australasia’® around this time.



The reason for the particularly high rates of intracerebral haemorrhage in the Sino-
MONICA project in Beijing in the mid-1990s, and the major reduction since, is not
clear. Other stroke incidence studies in China have also described particularly high

rates of intracerebral haemorrhage,®**?°

as have other studies in parts of East
Asia.?* None of the incidence studies identified, however, including the Sino-
MONICA project in Beijing (the highest quality stroke incidence study in China
identified), fulfilled suggested ‘ideal criteria’® for stroke incidence studies; the main
methodological weakness were low rates of CT/MRI scanning, poor case
ascertainment methods and a lack of standard diagnostic criteria for stroke
pathological types. As such, methodological weakness cannot be excluded as a
possible explanation for the high rates of intracerebral haemorrhage. Despite this,
the rates of stroke (of all pathological types combined) in some parts of China are

undoubtedly much higher than the West, the reason for which has not been fully

explained.

The Sino-MONICA project in Beijing also measured the incidence of subarachnoid
haemorrhage from 1985 to 1993. Age-standardised to the Segi World Population,
the annual incidence at age 25-64 years was 1.9 per 100 000 for males and 2.0
per 100 000 for females.? This was lower than other MONICA sites in Europe and
Russia, which had annual incidence rates ranging from 4.8 to 26.0 per 100 000.
Case-ascertainment of subarachnoid haemorrhage in Beijing was considered to
be poor and as such the reported incidence is likely to be an underestimate of the

true incidence.??



1.3 Blood pressure and stroke

There is substantial evidence from clinical trials and observational studies that
blood pressure is a cause, and an important cause, of stroke. Meta-analyses of
randomised controlled trials?***%> have shown conclusively that blood pressure-
lowering medication reduces the risk of stroke: lowering usual blood pressure by
10 mm Hg SBP has been shown to reduced stroke risk by ~40%.%° The
consistency in the relationship between blood pressure lowering and the risk of
stroke across the classes of blood pressure medications, despite their different
modes of action, suggests that blood pressure reduction itself explains the
preventive effect of these drugs. To date, the most reliable estimates for the age-
specific associations between blood pressure and stroke have been produced by
two meta-analyses of prospective studies: the Prospective Studies Collaboration

study®® and the Asia Pacific Cohort Studies Collaboration study.?’

The Prospective Studies Collaboration published a meta-analysis in 2002 using
individual records from 958 074 participants in 61 studies conducted mainly in the
West: ~70% of participants were from Europe, ~20% from North America or
Australia and the remainder from Japan or China. During 12.7 million person-years
of follow-up, there were 11 960 deaths attributed to stroke: 2083 ischaemic
strokes, 2541 intracerebral haemorrhages, 712 subarachnoid haemorrhages and

6624 unclassified.

The Asia Pacific Cohort Studies Collaboration published a meta-analysis in 2003

using individual records from 425 325 participants in 37 cohort studies. Unlike the



Prospective Studies Collaboration, most of the studies involved in this meta-
analysis were conducted in East Asia: 43% of participants were from South Korea,
28% from mainland China, 8% from Japan, 4% from elsewhere in Asia and 17%
from Australia or New Zealand. During 3.0 million person-years of follow-up, there
were 5178 stroke events (fatal and non-fatal stroke events): 1802 ischaemic

strokes, 1531 intracerebral haemorrhages, and 1845 other or unclassified strokes.

Both meta-analyses found that the associations between usual blood pressure and
stroke were approximately log-linear at all levels of blood pressure down to at least
115 mm Hg SBP and around 75 mm Hg DBP. Both studies also found effect
modification by age, with progressively shallower associations with increasing age.
At ages 60-69 years, 10 mm Hg higher usual SBP was associated with a similar
increase in stroke risk in both studies: 52% (95% CI. 49-56) in the Prospective
Studies Collaboration study and 56% (52-61) in the Asia Pacific Cohort Studies
Collaboration study. The Prospective Studies Collaboration found weak evidence
of slightly stronger age-specific associations in males than females, whereas the
Asia Pacific Cohort Studies Collaboration found the strength of association did not
differ by sex. The Asia Pacific Cohort Studies Collaboration study presented main
results for SBP rather than DBP; the Prospective Studies Collaboration study
presented main results for both indices but found SBP to be a slightly better

predictor of stroke risk than DBP.

The Prospective Studies Collaboration study did not find major differences in the
strength of the age-specific associations between ischaemic stroke and

intracerebral haemorrhage: at age 60-69 years, 10 mm Hg higher usual SBP was



associated with 49% (95% CI: 4-56) increased risk of ischaemic stroke and 52%
(46-60) increased risk of intracerebral haemorrhage. By contrast, the Asia Pacific
Cohort Studies Collaboration study found evidence of stronger associations for
intracerebral haemorrhagic than ischaemic stroke at age 50-69 years but not at
older ages: at age 60-69 years, 10 mm Hg increase in usual SBP was associated
with 54% (95% CI: 45-64) increased risk of ischaemic stroke and 67% (95% CI:
59-79) increased risk of intracerebral haemorrhage; at age 50-59 years, the
difference in strength of association was more marked: 10 mm Hg increase in
usual SBP was associated with 75% (95% CI: 64-89) increased risk of ischaemic

stroke and 113% (100-127) increased risk of intracerebral haemorrhage.

The Asia Pacific Cohort Studies Collaboration study reported the age-adjusted
rather than age-specific associations between usual blood pressure and risk of
subarachnoid haemorrhage. Overall, 10 mm Hg higher usual SBP was associated
with 52% (95% CI: 33-72) higher risk of subarachnoid haemorrhage (mean age at
death from subarachnoid haemorrhage was 65 years). At 60-69 years in the
Prospective Studies Collaboration study, 10 mm Hg higher usual SBP was
associated with 46% (95% CI: 35-58) higher risk of subarachnoid haemorrhage;
the associations for subarachnoid haemorrhage in other age groups were slightly

weaker than for the other pathological types.

The statistical methods employed in the two meta-analyses were similar. In
particular, both excluded participants with a history of vascular disease at
baseline, to limit the effect of reverse causality. They also both used re-survey

data on blood pressure to correct for regression dilution bias; this is the bias that



results from the inaccuracy with which a single blood pressure measurement
characterises an individual’'s long-term average (or ‘usual’) blood pressure due to

technical measurement error and real temporal variation.?®

A major limitation of both meta-analyses, however, was the small proportion of
stroke pathological type events for which there was evidence that a CT or MRI had
been performed. Information on whether a CT or MRI had been performed was
only available for around half the studies in the Asia Pacific Cohort Studies
Collaboration study, and only half the strokes in these studies are reported as
having had a CT or MRI. The proportion of pathological types of stroke diagnosed
with CT or MRI in the Prospective Studies Collaboration study was not reported,
but for many of the older studies included in the analysis, the technology was
simply not available. Without evidence from CT or MRI, misclassification between
pathological types of stroke is likely, and high rates of misclassification would tend
to attenuate any differences in the strength of associations between pathological
types of stroke. Misclassification of pathological type may have been greater in the
Prospective Studies Collaboration study, which could account for the lack the
differences in the strength of the associations between pathological types reported
by the study; or, it may be that there are different pathological mechanisms
underlying the pathological types of stroke in the different populations (one being
mainly Western, the other mainly East Asian). Another limitation of both meta-
analyses was the extent to which they could examine the associations for
confounding and effect modification; neither meta-analysis was able to conduct the
detailed examination of these associations which a large single study would allow,

especially by pathological types of stroke.
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1.4 Other main known determinants of stroke

The topic of this thesis is stroke and blood pressure in China, the other main
known determinants of stroke risk will be introduced here because of their direct
relevance to understanding the relationship between blood pressure and stroke
risk. The evidence is described for each stroke pathological type, where available,
although this is somewhat more limited for subarachnoid haemorrhage than for the
other pathological types. A model of the causal relationships between common
vascular risk factors, including blood pressure, and stroke is illustrated in figure

1.3.

1.4.1 Age and sex

Age is a major determinant of stroke. In recent studies conducted in the West, the
risk of ischemic stroke and intracerebral haemorrhage approximately doubled for
each successive decade after age 55; the risk of subarachnoid haemorrhage also
increased with age but to lesser degree.?**® The extent to which the increase in
risk of stroke with age is due to the greater cumulative effects of prolonged
exposure to, and higher levels of, vascular risk factors at older ages, and the
extent to which it is due to general degenerative effects of aging itself on the
cardiovascular system, is unknown.*! In these same populations, males have
higher age-specific incidence rates than females for ischemic stroke and
intracerebral haemorrhage, whereas women have a higher age-specific incidence

than men for subarachnoid haemorrhage. 3%
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1.4.2 Smoking
A positive association between smoking and risk of stroke has been demonstrated

3334353 and the totality of evidence has

in numerous prospective studies,
established this relationship as causal. The British Doctors’ Study*® provides the
most reliable estimates to date for the risks of lifelong smoking. The results of 50
years of follow-up in this male cohort found that stroke mortality, indirectly
standardised for age and study year, was 2.8 per 1000 men per year for lifelong
non-smokers compared to 4.3 per 1000 men per year in current smokers. In
addition, higher current cigarette intake among current smokers was associated

with higher stroke mortality. Results were not given by stroke pathological type as

CT and MRI were not available until late in the study.

The association of smoking with risk of stroke by pathological type was assessed
in a meta-analysis of thirty-two observational studies® published in 1989. Smoking
was found to be associated with increased risk of ischaemic stroke and
subarachnoid haemorrhage, but not of intracerebral haemorrhage: the risk of
stroke in current smokers relative to never smokers was 1.92 (95% CI: 1.71-2.16)
for ischaemic stroke, 1.01 (0.81-1.26) for intracerebral haemorrhage and 2.93
(2.48-3.46) for subarachnoid haemorrhage. Meta-analyses conducted by the Asia
Pacific Cohort Studies Collaboration and published in 2005,*%® found that
smoking was positively associated with all pathological types of stroke: the risk of
stroke in current smokers relative to never smokers was 1.50 (95% CI: 1.19-1.91)
for ischaemic stroke, 1.23 (1.01-1.49) for intracerebral haemorrhage and 2.4 (1.8-

3.4) for subarachnoid haemorrhage.
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1.4.3 Lipids

Commonly measured blood lipid concentrations include low-density lipoprotein
(LDL) cholesterol particles, high-density lipoprotein (HDL) cholesterol particles and
triglycerides; total cholesterol is mainly comprised of LDL and HDL cholesterol.
Randomised trials of statin therapy have shown that lowering LDL cholesterol
reduces the risk of ischaemic stroke, but may slightly increase the risk of
intracerebral haemorrhage. A meta-analysis of randomised controlled trials by the
Cholesterol Treatment Trialists’ Collaborators®” found a relative risk per mmol/L
LDL cholesterol reduction of 0.79 (95% CI. 0.74-0.85) for ischaemic stroke and
1.12 (95% CI: 0.93-1.35) for intracerebral haemorrhage. By contrast, prospective
cohort studies®*** have found little or no evidence of associations between LDL
cholesterol and stroke risk; this inconsistency with the trial results remains

unexplained.

The relationship between HDL cholesterol and stroke is less clear. Meta-analyses
of prospective cohort studies®®* have not found convincing evidence of an
association with either ischaemic stroke or intracerebral haemorrhage. The
relationship between triglycerides and risk of stroke is also unestablished.
Prospective cohort studies®**° have described positive associations with stroke
before adjustment for other cholesterol fractions and no association after, although
it is not clear whether adjustment is appropriate, since these cholesterol fractions

may lie on the causal pathway between triglycerides and stroke.*°
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1.4.4 Diabetes

Meta-analyses of prospective cohort studies have found strong positive
associations between diabetes and risk of ischaemic stroke, and weak evidence of
a positive association with risk of intracerebral haemorrhage. A meta-analysis of
prospective studies by the Emerging Risk Factors Collaboration,*® found the risk of
stroke in diabetics relative to those without diabetes was 2.19 (95% CI: 1.98-2.41)
for ischemic stroke and 1.14 (95% CI: 0.90-1.43) for intracerebral haemorrhage. A
meta-analysis of prospective cohort studies by the Asia Pacific Cohort Studies
Collaboration® found similar relative risks: 2.16 (95% ClI: 1.44-3.24) for ischaemic
stroke and 1.41 (95% CI: 0.99-2.01) for intracerebral haemorrhage. This study
found no evidence of difference in relative risks between studies conducted in Asia
and Australasia. Both meta-analyses adjusted for age, smoking, BMI, and SBP,
and the Asia Pacific Cohort Studies Collaboration additionally adjusted for total
cholesterol. As there is evidence that diabetes may cause both dyslipidaemia*
and raised blood pressure,*? these associations should be interpreted as partly

controlled for these possible intermediate factors.

1.4.5 BMI

Meta-analyses conducted by the Prospective Studies Collaboration*® and the Asia
Pacific Cohort Studies Collaboration** have found no evidence of an association
between BMI and ischaemic stroke risk at lower BMI (15 to ~25 kg/m?) and
positive log-linear associations at higher BMI (>25 kg/m?). The positive association
between BMI and ischaemic stroke is probably causal** and may be accounted for

by the effects of BMI on blood pressure, cholesterol and risk of diabetes.*® The
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shape and strength of the association between BMI and intracerebral
haemorrhage is less clear. The meta-analysis by the Prospective Studies
Collaboration, found no material difference in the associations for ischaemic stroke
and intracerebral haemorrhage.*® The meta-analysis by the Asia Pacific Cohort
Studies Collaboration, found no evidence of an association with risk of
intracerebral haemorrhage at BMI <30 kg/m2 and weak evidence of a positive
association at BMI 230 kg/m2.** There was no evidence in this meta-analysis that
the association differed majorly between Asia and Australasia for either

pathological type of stroke.

1.4.6 Alcohol

Many studies have shown a U- or J-shaped association between stroke mortality
and alcohol consumption, in which people who drink light or moderate amounts
have a lower risk than non-drinkers, while those who drink large amounts have a
higher risk.*® A meta-analysis conducted in 2003,*” found that people who drank
on average <12g of alcohol per day had a 20% (95% CI. 9-25) lower risk of
ischemic stroke than non-drinkers, while those who drank =60g per day had a
69% (34-115) increased risk of ischaemic stroke. In the same meta-analysis, any
alcohol intake was associated with an increased risk of intracerebral haemorrhage,
and individuals who drank =60g of alcohol per day had over twice the risk of non-
drinkers (RR 2.18 [1.48-3.20]). The totality of evidence suggests that the
relationship between long-term drinking of large amounts of alcohol and both

ischaemic and intracerebral haemorrhage is causal,*®

and likely to be mediated
primarily by the adverse effects of alcohol on blood pressure,”® despite an

apparent beneficial effect on blood lipids.*® The benefit of light drinking on the risk
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of ischaemic stroke, however, is still uncertain: it could also be due to residual
confounding, contamination of the non-drinking group with ex-drinkers or failure to

account for the within-person variation in alcohol intake.*

1.4.7 Physical activity

Meta-analyses of observational studies®*! have found a negative association
between physical activity and risk of stroke. For example, a meta-analysis of
observational studies® in 2003, showed that highly active individuals had a
relative risk of ischaemic stroke and intracerebral haemorrhage of 0.79 (95% CI:
0.69-0.91) and 0.66 (0.48-0.91), respectively, compared to low activity individuals.
The lack of consistency in the measures of physical activity does not allow meta-
analyses to reliably determine the relative risk of stroke for a given absolute
difference in physical activity; and single studies investigating the relationship
between physical activity and stroke have been relatively small. Despite this, the
negative association between physical activity and stroke risk is likely to be causal,
and may be mediated by the effects of physical activity on blood pressure, blood

lipids and adiposity.>?

1.4.8 Diet

The associations between several aspects of diet and stroke have been
investigated, in particular for intake of fats, salt, and fruit and vegetables. The
evidence examining an association between dietary fats intake and risk of stroke is
limited. The best trial and epidemiological studies to date have not found evidence
to support a direct causal effect.”®>>* However, there is good evidence of an

association between lower intake of saturated fat and reduced LDL cholesterol
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blood concentration,5 which in turn is known to reduce the risk of ischaemic

stroke.®’

A number of ecological and observational studies have found a positive
association between salt intake and higher risk of stroke.®® This association is
likely to be causal and mediated, wholly or in part, through the effect of sodium on

blood pressure, established in randomised controlled trials.>"®

A meta-analysis conducted in 2006 attempted to pool all available data on the
association between consumption of fruit and vegetables and risk of stroke.*
Greater consumption was associated with lower risk of both ischaemic stroke and
intracerebral haemorrhage, although the extent to which confounding by known
vascular risk factors may account for these associations is uncertain. Blood
pressure has been proposed as one of the mechanisms by which fruit and
vegetable consumption may reduce stroke risk: high fruit and vegetable intake has
been negatively associated with blood pressure in both prospective studies® and

in sub-group analyses of dietary trials.®>®?

1.4.9 Other causes

There are a host of rare or less well established causes of stroke. A number of
drugs have been found to increase the risk of ischaemic stroke, including the oral
contraceptive pill, amphetamines and cocaine. Statins and antithrombotic
medication have been found to reduce the risk of ischaemic stroke whilst slightly
increasing the risk of intracerebral haemorrhage.®® Blood pressure-lowering

medication use has been found to reduce the risk of stroke, and there is some
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evidence that their effect on reducing blood pressure variability may reduce the
risk of stroke independently of their effect on long-term average blood pressure.®®
Cardiac conditions (such as atrial fibrillation) and carotid artery atheroma, which
may give rise to emboli, increase the risk of ischaemic stroke.*! There are also
likely to be genetic causes of stroke: a large stroke genetics consortium® has
been established and several genetic variants have been found to be associated
with ischaemic stroke®® and intracerebral haemorrhage.®® In addition, many of the
physiological causes of stroke, such as high blood pressure, diabetes, and

dyslipidaemia have been found to have genetic determinants.®’

1.4.10 Overall assessment

Internationally, the relevance of certain common risk factors (such as blood
pressure, smoking, alcohol drinking and BMI) to stroke is well established. There
is still substantial uncertainty, however, about the strength of their relationships
with the each of the stroke pathological types and whether these vary in different
populations. For a number of other factors, there is still substantial uncertainty
about their relevance to stroke in general or to specific pathological types (e.g.
blood lipids and haemorrhagic stroke). A comprehensive assessment of the
relationship between blood pressure and stroke pathological types requires large
studies, with accurately diagnosed stroke pathological types, in different parts of
the world. Studies capable of investigating such relationships in China have only
become feasible over the last 5-10 years after the use of CT and MRI became

widespread.
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Table 1.1: Stroke mortality rates at age 35-69 year s in 2008, by sex

Rates for China are from the Ministry of Health of the People’s Republic of China,®
and rates for other countries are from the World Health Organisation.®® Rates were
age-standardised by taking the unweighted average of the component five-year
mortality rates (e.g. 35-39, 40-44,...65-69 for the age range 35-69 years).

Stroke deaths/100,000/year

China, China,
rural urban Poland Japan USA UK
Male 150 103 93 49 27 27
Female 89 56 42 21 21 20
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Figure 1.1 : Stroke pathological types and subtypes """
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Figure 1.2: Stroke mortality at age 35-69 in 1986-8 8, by sex, in 67 counties in China

Original analyses of the China Ecological Study of 69 rural counties (two counties did not report stroke mortality rates): maps of mainland
China with study counties designated by bullets, coloured by age-standardised stroke mortality rate for those aged 35-69 years
(deaths/100,000/year) in 1986-88, by sex. Mortality rates were age-standardised by taking the unweighted average of the component five-

year mortality rates.
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Figure 1.3: A model of the main causal relationship s between common vascular risk factors and stroke p athological types 2

Arrows indicate the direction of causality with double arrows indicating the potential for causality in both directions at different times.
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Chapter 2: Literature Review

As the topic of this thesis is blood pressure in relation to stroke in China, this
Literature Review summarises and appraises all available evidence in the English
language from prospective studies on this topic. The results from the Asia Pacific
Cohort Studies Collaboration (with 28% of participants from mainland China) was
discussed in the Introduction rather than here, as results specific to China have

not been reported.

A literature search was conducted to identify articles from prospective cohort
studies conducted in China that reported an association between blood pressure
and stroke incidence or stroke mortality. | searched MEDLINE (from 1950), Global
Health (from 1973) and EMBASE (from 1980) in June 2010, using the keywords
or MeSH terms associated with ‘stroke’, ‘blood pressure’, ‘cohort studies’, and
‘China’ (the full list of keywords and MeSH terms used can be found in table A.2 in

appendix A).

There were 281 articles identified by the search which were then processed
according to the flowchart shown in figure 2.1. Of these articles, 92 were
duplicates and so were excluded. The abstracts of the remaining 189 articles
were reviewed and assessed against pre-specified selection criteria: articles were
required to report results from prospective cohort studies conducted in mainland
China; the outcome needed to be stroke incidence or stroke mortality rather than,
for example, stroke recurrence; for practical reasons, the study had to be

published in English; and, lastly, articles were excluded where the total number of
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stroke events was too small to produce reliable results, for which purpose, an

arbitrary threshold of 50 stroke events was set.

Five articles met all the selection criteria and these are discussed in turn, below,
in ascending year of their baseline survey, and then collectively at the end of the
section. The relative risk estimates for the linear associations between blood
pressure and stroke reported in these articles have been re-calculated for 10 mm
Hg higher SBP and 5 mm Hg higher DBP to facilitate comparisons between
studies. The key study characteristics and results of each study are presented in

tables 2.1 and 2.2.

2.1 Selected articles

2.1.1 Chinese Steelworkers Cohort Study (1974-1993)

The Chinese Steelworkers Cohort Study”™ recruited 5092 male steelworkers
without a prior history of vascular disease from the workforce of the Beijing Iron
and Steel Complex between 1974 and 1984. Participants were aged 18-74 years
at recruitment and the mean age was 45 years. They were followed up until 1993
by way of in-person interview or telephone call; if the participant had died, a
relative was interviewed. Self-reported outcomes were confirmed by a review of
hospital medical records. At the conclusion of the study, there were 152 incident
stroke events of which 87 were ischaemic strokes, 58 were intracerebral
haemorrhages and 7 were unclassified. The proportion of stroke pathological
types for which the diagnosis was known to have involved a CT or MRI scan was

not given, but it is likely to have been low as CT and MRI scanners were rare in
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China at this time. There were 144 participants noted to have been lost to follow-

up at the end of the study.

Adjusted for age, total cholesterol, BMI, and smoking, 10 mm Hg higher baseline
SBP was associated with 38% (95% CI: 29-49) higher stroke risk and 5 mm Hg
higher baseline DBP was associated with 34% (26-42) higher stroke risk. No
resurvey of blood pressure was undertaken and, as such, no corrections were
made for regression dilution bias.?® The strength of the associations between
blood pressure and stroke risk by pathological type were not reported for a given
increase in blood pressure. For each pathological type of stroke, the SBP at
baseline was categorised into four groups (<120, 120-140, 140-160 and 2160 mm
Hg) and risk of stroke in each group was given relative to the lowest blood
pressure group. Results were also given for DBP, divided into four categories
(<80, 80-90, 90-95, 295 mm Hg). The mean blood pressure in each blood
pressure group was not given. The risk of ischaemic stroke for those in the highest
blood pressure group relative to the lowest was 9.8 (95% CI. 4.3-22.3) for SBP
and 4.9 (2.5-10.0) for DBP. There was weak evidence of stronger associations for
intracerebral haemorrhage: the equivalent relative risks were 21.2 (95% CI: 6.7-

26.4) for SBP and 10.6 (4.2-12.6) for DBP.

2.1.2 Prospective Study of 212 000 Chinese Men (199 0-2002)

This much larger study started recruitment around 15 years later than the Chinese
Steelworkers Cohort Study. It recruited a nationally representative cohort of
212 000 Chinese men from 1990 to 1991.”* Participants were recruited from 45

areas across China, which were selected at random from the 145 Disease
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Surveillance Points (these were areas established in the 1980s to provide a
nationally representative sample of mortality statistics for the entire country and
are co-ordinated by the Chinese Center for Disease Control). After the baseline
survey, the vital status of each study participant was monitored passively through
these death registries with active confirmation of vital status assessed annually by
local residential committees. Causes of death were sought from official death

certificates, supplemented as necessary by a review of medical records.

The results presented in the article were based on follow-up to January 2002
among men aged 40-79 years at baseline (mean 54 years) with no reported
history of vascular disease. The authors restricted analyses to deaths occurring at
age 40-79 years because of the difficulty in reliably assigning an underlying cause
of death at older ages. There were 27 758 deaths in this age group, of which 5766
(21%) were attributed to stroke. Of these stroke deaths, 1231 were attributed to
ischemic stroke, 3609 to intracerebral haemorrhage, 356 to subarachnoid
haemorrhage and 570 were of unspecified pathological type. As in the previous
study of Chinese Steelworkers, the proportion of stroke pathological types for
which the diagnosis was known to have involved a CT or MRI scan was not given,

but is likely to have been low.

The study found a positive, approximately log-linear association between SBP and
stroke mortality, with no evidence of a threshold within the range of SBP
measured in the study (100 to 180 mm Hg); the association was noted to be
slightly steeper for SBP over 130 mm Hg than below it. On average, 10 mm Hg

higher baseline SBP was associated with 20% (95% CI. 19-21) higher risk of
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stroke mortality. This estimate appears to be only half as strong as that in the
Chinese Steelworkers Cohort Study (but based on nearly 40 times as many stroke
events), and unlike that study, the strength of the association was much the same
for both ischaemic stroke (19% [95% CI: 16-22]) and intracerebral haemorrhage
(21% [95% CI: 20-26]). Smoking was reported as having a slight modifying effect
on the relation, with weak evidence of a steeper association in non-smokers (24%
[95% CI: 21-28] per 10 mm Hg higher baseline SBP) than smokers (20% [95% CI:
18-22]); the associations by smoking were not given separately for ischaemic
stroke and intracerebral haemorrhage. A positive association between DBP and
stroke mortality was also noted, although the data was not shown. Hazard ratios
were adjusted for age, area, smoking and alcohol intake, and not corrected for

regression dilution bias.

2.1.3 China National Hypertension Survey Epidemiology Fol low-up Study

(1991-2000)

The baseline survey of the China National Hypertension Survey was conducted in
1991.”° As with the Prospective Study of 212 000 Chinese Men, the study aimed
to select a nationally representative sample. A multistage random cluster sampling
design was used to sample those aged over 15 years from all 30 provinces of
mainland China. A follow-up survey was conducted in 17 of the 30 provinces from
1999 to 2000 to assess the vital status and disease outcomes of participants aged
240 years. There were 169 871 participants of the 1991 survey from the 17
provinces who were =40 years of age and as such eligible to participate in the re-
survey. The mean age of participants at baseline was 56 years and 51% were

female. The re-survey involved an in-depth interview with the participant, or
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relative if the participant had died, but not (apparently) any measurement of blood
pressure. Hospital records were obtained if the participant reported an admission.
The death certificate and medical history prior to death was obtained if the
participant had died. An assessment committee in each province reviewed all the
information on each case to confirm or reject the occurrence of study outcomes
using pre-established criteria. Participants with a history of vascular disease at
baseline were excluded from the analyses. In total, 2303 cases of incident stroke

identified in the resurvey. 6.6% of the population was lost to follow-up.

Overall, 10 mm Hg higher baseline SBP was associated with 25% (95% CI: 24-26)
higher risk of stroke, and 5 mm Hg higher baseline DBP was associated with 22%
(20-23) higher risk of stroke. These hazard ratio were adjusted for age, sex,
smoking, alcohol intake, physical activity, body mass index, blood pressure-
lowering medication use, education level, geographic region (south/north), and
urbanisation (urban/rural). These results were quantitatively similar to the
Prospective Study of 212 000 Chinese Men, and were also not corrected for

regression dilution bias.

Some effect modification was reported by age, smoking and BMI, with stronger
associations at <60 years of age compared to =60 years; in ‘ever smokers’
compared to ‘never smokers’ (the opposite of the Chinese Prospective Study of
212 000 Chinese Men); and at BMI <25kg/m? compared to BMI =25kg/m®. The
associations within each of these subgroups were displayed graphically and not

numerically (neither were p-values for interaction given). Visually, the effect
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modification by age appeared marked and that for smoking and BMI slight. The

results were not reported by stroke pathological type.

2.1.4 Jiangxi Province Rural Cohort Study (1994-200 0)

The Jiangxi Province Rural Cohort Study’® recruited 50 252 participants from
eight rural areas in Jiangxi Province between 1994 and 1996. All participants were
required to be 40 years or over at baseline. The mean age of participants was 55
years and 49% were female. Follow-up continued until 2000. Causes of death
were determined from death certificates, supplemented if necessary by medical
records and by asking the village physicians or family members (it is not reported
whether further efforts were made to verify diagnoses reported solely by family
members). Participants with a history of vascular disease at baseline were
excluded from analyses. There were 3358 deaths during follow-up of which 632
were from stroke: 76 from ischaemic stroke, 432 from intracerebral haemorrhage,
34 from subarachnoid haemorrhage and 90 of uncertain pathological types. The
proportion of strokes for which the diagnosis was known to have involved a CT or

MRI scan was not reported. There were 225 participants lost to follow-up.

Blood pressure at baseline was classified as ‘normal’ (defined in this study as SBP
<130 mm Hg and DBP <85 mm Hg), ‘high-normal’ (130sSBP<139 and/or
85<DBP=<89) or ‘hypertensive’ (SBP=140 and/or DBP=90 and/or those who had a
history of hypertension). The hazard ratio of those with hypertension and high-
normal blood pressure, compared to those of normal blood pressure, as defined,
was 1.40 (95% CI: 1.11-1.77) and 2.12 (1.78-2.54), respectively. The mean blood

pressure in these blood pressure groups was not given, so it is not possible to
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accurately quantify the relative risk of stroke associated with a given absolute
difference in baseline blood pressure. Hazard ratios were adjusted for sex and
age. Further adjustment for study area, smoking, alcohol intake, BMI and salty
food intake, reportedly had little material effect on the hazard ratios. The results

were not given by stroke pathological type.

2.1.5 Shanghai Women’s Health Study (2000-2007)

The Shanghai Women'’s Health Study’’ is an on-going prospective cohort study of
74 942 women, recruited between 1997 and 2000. All women aged 40-70 years
and resident in seven urban districts of Shanghai were eligible for recruitment.
Blood pressure was initially measured at the first follow-up survey (2000-2002)
rather than the baseline survey. Cohort members were followed through biennial
in-person follow-up surveys. The third follow-up survey (the last prior to the
publication of the article) occurred from 2004-2007. The Shanghai Vital Statistics
Registry database was reviewed annually to check for deaths not identified by the
surveys. The response rate for the first and third follow-up surveys were 99% and
97% of the baseline survey participants, respectively. The article reported results
on 68 438 women (with a mean age at baseline of 55 years) who had blood
pressure measurements taken at the first follow-up survey. There had been 1574
deaths between the first and third follow-up surveys of which 338 were from
stroke; the numbers of stroke of each pathological type were not reported.
Participants with a history of vascular disease when blood pressure was measured
were not excluded from the analyses in this study, and as such the results may be

biased by reverse causation.
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The authors categorised SBP at baseline into five groups (<120, 120-129, 130-
139, 140-159 and 2160 mm Hg) and risk of stroke in each group was given
relative to that of the lowest blood pressure group. Results were also given for
DBP, divided into five categories (<80, 80-84, 85-89, 90-99, 2100 mm Hg). The
risk of stroke for those in the highest blood pressure category relative to the lowest
was 5.6 (95% CI: 3.4-9.0) for SBP and 7.2 (4.7-11.2) for DBP; the p-value for
trend was reported as <0.01 for both SBP and DBP. The relative risk of stroke
associated with a given absolute difference in baseline blood pressure was
reported for women classified as pre-hypertensive only (defined in this study as
those with baseline SBP measurements of 120-139 mm Hg). There were 71
stroke deaths in this group and the mean age at baseline or death was not given.
Adjusted for age, education, waist-hip ratio, smoking, diabetes and a history
cardiovascular disease, 10 mm Hg higher baseline SBP was associated with 56%
(95% CI: 6-128) higher risk of stroke mortality. This was a much higher point
estimate than in any of the other studies, but with a much broader confidence
interval. A resurvey of blood pressure was not conducted, and as such, no

correction was made for regression dilution bias.

2.2 Integration and appraisal of evidence

There appear to have been five prospective studies of blood pressure and stroke
in China that published analyses, with at least 50 stroke events, in an English
language journal. The Chinese Steelworkers Cohort Study was slightly older than
the other studies: recruitment for this study started in 1974 and follow-up

continued for 14 years, whereas the other studies conducted their baseline survey
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in the 1990s and the period of follow-up varied between five and ten years. All the
studies recruited young or middle aged adults: the mean age at baseline ranged

73,7477

from 45 to 56 years. Three studies restricted participation by sex whereas

576 racruited ~50% from each sex. The Chinese Steelworkers Cohort

two studies
Study recruited participants who worked for a single employer whereas the other

studies were population-based.

The studies varied greatly in the number of participants recruited and the number
of stroke events recorded. The two largest studies were the Prospective Study of
212 000 Chinese Men which recorded 5766 stroke deaths, and the China
National Hypertension Survey Epidemiology Follow-up Study which recruited
169 871 participants of both sex and recorded 7151 stroke events; both studies
attempted to select nationally representative samples. The other three

studies” 67"

recruited participants from particular regions in China and were
much smaller by comparison, reporting around a thousand stroke events between
them. With the exception of the Shanghai Women’s Health Study, participants with
a history of vascular disease were excluded from the analyses reported in the

studies. As vascular disease may affect blood pressure, including participants with

a history of vascular disease may cause bias a result of reverse causation.

All of the studies reported a positive association between blood pressure at
baseline and risk of stroke. Four of the five studies reported the relative risk of
stroke associated with a given absolute difference in baseline blood

L73,74,75,77

pressure; the Jiangxi Province Rural Cohort Study’® did not report the

strength of this association (or provide enough information for it to be calculated).
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The two largest studies reported results that were somewhat similar: 10 mm Hg
higher baseline SBP was associated with 20% (95% CI: 19-21) higher total stroke
risk in the China Prospective Study of 212 000 Men and 25% (24-26) higher risk
in the China National Hypertension Survey Epidemiology Follow-up Study. The
other studies for which such estimates could be calculated had much higher point
estimates: 38% (95% CI: 29-49) in the Chinese Steelworkers Cohort Study and
56% (6-128) in the Shanghai Women’s Health Study (although the confidence
intervals were so wide in the Shanghai study that they encompass a very wide
range of possibilities). The risk of stroke for 5 mm Hg higher DBP was similar to 10

mm Hg higher SBP in the two studies™"

which reported these results.
Comparisons in the strength of association between studies is made more difficult
here because none reported age-specific results (or mean age at death from

26,27

stroke), and in many populations, relative risks for stroke in relation to blood

pressure are more extreme at younger ages.

A resurvey of blood pressure was not undertaken in any of the studies identified,
and no corrections were made for regression dilution bias. The Asia Pacific Cohort
Studies Collaboration?” (which had 83% of participants from East Asia, including
28% from China) had a regression dilution bias correction factor of 0.56 for SBP
(for age groups less than 70 years of age). Applying this correction factor to the
results of the two largest studies (i.e. dividing the log of the relative risk by 0.56)
would mean 10 mm Hg higher usual SBP was associated with about 40% higher
risk of stroke in the China Prospective Study of 212 000 Men and 50% higher risk
of stroke in the China National Hypertension Survey Epidemiology Follow-up

Study.
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Effect modification of the association between blood pressure and stroke was
investigated by only a few of the studies identified. The China National
Hypertension Survey Epidemiology Follow-up Study was the only study to
describe effect modification by age, with a stronger association at <60 years of
age compared to =60 years, although the actual relative risks in these age groups
was not reported. The study also reported stronger associations at BMI <25 kg/m?
compared to at BMI =25 kg/m?. Both the China National Hypertension Survey
study and the China Prospective Cohort study of 212 000 Men described effect
modification by smoking, with the former describing a stronger association in

smokers than non-smokers and the latter reporting the opposite.

Only two of the studies reported results by pathological type.”*’* The Chinese
Steelworkers Cohort study found weak evidence of stronger associations for
intracerebral haemorrhage than ischaemic stroke for both SBP and DBP. In
contrast, the much larger China Prospective study of 212 000 men found no
evidence of such differences. The proportion of strokes in these studies for which
the diagnosis of the pathological type was known to have involved imaging by CT

or MRI scan was not given, but may have been low.

Blood pressure is known to be a major cause of stroke yet reliable estimates of the
associations between blood pressure and stroke pathological types in China have
not been produced. This information needs to be known if the true burden of

excess stroke due to blood pressure is to be quantified reliably: an important
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prerequisite to the appropriate selection of public health and clinical measures to

prevent stroke in China.

2.3 Aims of thesis

This review has established that little can be known with any certainty from the
English-language literature about the relationship between stroke and blood
pressure in China, except that there is a qualitatively positive association. The
guantitative strength of the association varied considerably between studies and
was often based on small numbers of events. None of the studies corrected their
results for regression dilution bias, and one study may have had substantial bias
from reverse causation by not excluding participants with a history of vascular
disease at baseline. These points apply to overall stroke, and with even greater

force to stroke pathological types.

Against this background, the primary aim of this thesis is to describe the
prospective associations in the China Kadoorie Biobank of usual blood pressure
with (a) ischaemic stroke incidence and (b) intracerebral haemorrhage incidence,
after taking account of prior disease, potential confounders, regression dilution
bias and diagnostic accuracy of stroke pathological types (to avoid extensive

misclassification).

Furthermore, the secondary aims are:
* To describe the main cross-sectional determinants of blood pressure in the

China Kadoorie Biobank, to identify potential confounders
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To assess the level of within-person variability of blood pressure
measurements in the China Kadoorie Biobank, so that associations can be
corrected for regression dilution bias

To assess the completeness of identification of stroke events during the
first ~5 years of follow-up in the China Kadoorie Biobank, and the accuracy
of diagnosis of stroke pathological type

To assess whether the associations in the primary objective differ
importantly by age, sex, area or other common characteristics or lifestyle
risk factors

To describe the associations in the China Kadoorie Biobank of usual blood
pressure with: (a) subarachnoid haemorrhage; (b) stroke of unconfirmed

pathological subtype; and (c) total stroke.
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Figure 2.1: Flow chart of
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included in Literature Review
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Table 2.1: Characteristics of studies included in L

iterature Review

Year of Mean age at  Mean duration Number of
Study name, date of baseline Participants, Female, baseline,* of follow-up, stroke
publication survey Region n % years years events '
Chinese Steelworkers 1974 Beijing 5092 0 45 14 152°
Cohort Study, 2004 "
China Prospective Study of 1990 45 areas 211 946 0 54 10 5766
212 000 Men, 2007 ™
China National 1991 17 provinces 169 871 51 56 7 7 1517
Hypertension Survey
Epidemiology
Follow-up Study, 2008 e
Jiangxi Province Cohort 1994 Jiangxi 50 252 50 55 5 542
Study, 2003 Province
Shanghai Women'’s Health 1997 Shanghai 68 438 100 55 5 338

Study, 2009 "’

* None of the studies reported mean age at event.

" None of the studies reported the proportion of stroke events for which the diagnosis was known to have involved a CT or MRI scan.

* Studies measured fatal and non-fatal stroke event (other studies measured stroke mortality only).
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Table 2.2: Key results of studies included in Liter

ature Review

Corrected for

Variable for which

Stroke Hazard ratio (95% ClI) regression presence or absence
Study name, date of pathological ~ per 10 mm Hg higher dilution? of effect modification
publication type baseline SBP* Variables adjusted for: (Yes/No) was reported
Chinese Steelworkers All 1.38 (1.29-1.49) Age, total cholesterol, BMI and No None reported
Cohort Study, 2004 smoking
China Prospective Study Al 1.20 (1.19-1.21) Age, study area, smoking, alcohol No Smoking
of 212 000 Men, 2007"*  Ischaemic 1.19 (1.16-1.22) intake

stroke

Intracerebral 1.21 (1.20-1.26)

haemorrhage
China National All 1.25 (1.24-1.26) Age, sex, BP-lowering medication No Age, smoking and BMI
Hypertension Survey use, smoking, alcohol intake,
Epidemiology physical activity, BMI, education,
Follow-up Study, 2008 geographic region (north/south),

urban/rural area

Jiangxi Province Cohort All T - No None reported
Study, 2003"°
Shanghai Women'’s All 1.56 (1.06-2.28)* Smoking, waist-hip ratio, education, No None reported

Health Study, 2009”

diabetes, history of vascular disease

* Results from studies were re-calculated for 10 mm Hg higher SBP to facilitate comparisons between studies.
" Not calculable from results given in this study.
¥ Sub-group of participants with baseline SBP of 120-139 mm Hg (71 stroke deaths in this group).
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Chapter 3: Methods

The China Kadoorie Biobank (CKB) is a large blood-based prospective cohort
study in China. It was jointly established by the Clinical Trial Service Unit and
Epidemiological Studies Unit (CTSU) of the University of Oxford, and the China
National Center for Disease Control. It has the broad research aim of providing
reliable estimates of the strength of the relationships between risk factors and
cause-specific mortality and morbidity, and focuses chiefly on the major common
chronic diseases (stroke, ischaemic heart disease, diabetes, chronic obstructive

pulmonary disease and cancers).’®

Baseline information for the study was collected between 2004 and 2008 on
0.5 million adults, aged 35 to 74, from the general population in ten geographically
defined areas in China. A resurvey of a random selection of about five percent of
the participants was conducted in 2008 to allow refinement of the estimated levels
of risk factors assessed at baseline. Follow-up of cause-specific mortality and
morbidity is through established disease registries in each of the study areas. An
adjudication ‘sub-study’ was conducted in 2011-12, as part of this thesis, to

assess the diagnostic accuracy of stroke events identified by the registries.

This section describes the data collection methods of the CKB and the
adjudication sub-study, followed by description of the statistical methods employed
in this thesis. Ethics approval for the CKB was received from the University of

Oxford, the China National Center for Disease Control and the research boards at

40



the local branches of the China National Center for Disease Control in each of the

areas which participated in the study.

3.1 Baseline survey

3.1.1 Study areas

Ten areas were selected to participate in the CKB study: five urban and five rural
(figure 3.1). They were chosen to maximise the potential to investigate the
relationships between a broad range of exposures and common diseases, and
were not selected to be representative of China as a whole. Selection criteria for
the set of ten areas included: a wide geographic distribution; variation in disease
patterns and exposures; relatively settled populations where it was reasonable to
expect movement out of the area would be low; established systems for mortality

follow-up; and a clear commitment and capacity from local staff.

3.1.2 Study participants

Residents of the selected areas were invited to attend a temporary assessment
centre in the local community. A team of 15 full-time staff were recruited in each of
the areas to conduct the survey. The teams were required to include those with
medical training and those with practical experience of surveys. In each area, the
teams began with a publicity campaign to raise awareness of the study with the
local residents. Residents between the ages of 35 and 74 were identified through
the public registry records held by the local Public Security Bureau. These

residents were sent a letter together with a study information leaflet, delivered
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door-to-door by local community leaders and health workers, inviting them to

attend a temporary assessment centre.

On arrival at the assessment centre, residents were required to show their national
identification card, otherwise they were ineligible to participate. To encourage
participation, if a resident attending the centre was slightly outside of the age
limits, they were still allowed to participate. Those eligible were then informed
about the nature of the study and asked to sign the consent form. The consent
included permission for study staff to monitor the person’s health through local
clinics, hospitals and official disease registration systems. It was made clear to
participants that the results of the study would be analysed anonymously.
Participants received feedback on the physical measurements and blood spot
tests taken at the assessment centre from a medically qualified member of the

study staff.

3.1.3 Data collection

Participants visited several stations in the assessment centre and, on average, a
visit lasted 60-75 minutes. The physical measurements station included height,
weight, waist circumference, hip circumference, lung function tests, a carbon
monoxide breath test, blood pressure and pulse rate. All measurements used
standard instruments and protocols. A 10 ml non-fasting venous blood sample
was taken and stored in portable, insulated cool boxes with ice packs. The packs
were transferred within a few hours to a local study laboratory for processing and
short-term storage (~3-4 months), before shipment to Beijing and Oxford for long

term storage in liquid nitrogen tanks. The blood samples had not undergone any

42



analyses at the time of writing and thus are not considered any further in this

thesis.

Blood pressure was measured using a LifeSource UA-779 digital
sphygmomanometer, taken after participants had been allowed to rest in a seated
position for at least five minutes. Initially, two measurements were taken by
placing the sphygmomanometer cuff around the participant's upper arm. If the
difference between the two measurements was >10 mm Hg for SBP, a third
measurement was made and the last two measurements recorded. Procedures
were standardised across the ten study sites and all measurements were made by
specifically trained study personnel. All devices were constantly maintained and
frequently calibrated. All the physical measurements and blood spot result values
for each participant were recorded on the back of their consent form. These were

then entered twice onto a study laptop at the questionnaire station.

The questionnaire station involved a one-to-one interview with a member of the
CKB regional co-ordinating team. Answers were entered directly onto a study
laptop using software developed specifically for the project by the CKB information
technology team. The software brought missing items, extreme values or logic
errors to the attention of the interviewer. The questionnaire had sections on:
general demographic characteristics; socioeconomic status; health behaviours
such as smoking, alcohol intake, diet and physical activities; family and personal
medical history; questions on sleeping habits, mood and mental state; and, for

women, reproductive history.
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3.1.4 Quality control procedures

Efforts were made to ensure high quality data collection procedures were followed
in each of the ten areas. All materials and equipment required for the baseline
survey were supplied centrally. The standard operating procedures were tested in
a pilot study. Training was given to the staff at the regional coordinating centres
conducting the baseline survey, including sessions on communication skills, the
scientific rationale for the study and the practical procedures for conducting the
survey, including the operation and maintenance of instruments. The teams
started their survey work immediately after the training, under the direct
supervision of CKB staff from Oxford and Beijing for about a week, to ensure that
all procedures were followed appropriately. Each staff member was given a unique
study identification number that was entered on the study laptops prior to data
entry. This allowed the entries made by particular staff member to be identified
and monitored throughout the survey period. In total, there was 354 staff involved
in conducting the survey, with 201 staff completing 95% of the total number of

data entries.

3.2 Resurveys

A quality control survey was conducted concurrently to the baseline survey to
assess consistency in data collection. Around three percent of participants in each
of the ten areas were randomly selected for reassessment two to six weeks after
their baseline assessment. A simplified version of the baseline survey form was

used, but the procedures for blood pressure measurement were the same as the
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baseline survey. In total, there were 15 728 participants of the quality control

survey.

A formal resurvey of participants was conducted from August to October 2008,
soon after the baseline survey was completed. In each of the ten areas, a
participant list was generated using cluster random sampling, with the
administrative unit (rural village or urban residential committee) as the sampling
unit. The procedures for data collection were the same as in the baseline survey,
with a number of additional assessments. Blood pressure measurements were
taken in exactly the same way as the baseline survey. Around five percent of the
baseline sample was invited for resurvey, and there was an 80% response rate. In

total, there were 19 788 participants in the formal resurvey.

3.3 Follow-up

Participants were followed-up using established mortality and morbidity
surveillance systems. All ten areas were part of the mortality surveillance system
established by the Chinese Ministry of Health in the 1980s to provide nationally
representative mortality statistics (the Disease Surveillance Point system’®).
Within each area, death certificates were sent to the local branch of the China
National Center for Disease Control, where regional offices of the CKB study were
also based. Information from these death certificates was entered by staff at the
regional China National Center for Disease Control into a database, which was

then cross-checked regularly by local CKB staff to identify deaths in study

participants. Deaths were coded using the 10™ edition of the International
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Classification of Diseases (ICD-10).?° These CKB staff did not have access to

patient information from the baseline or repeat surveys.

In nine of the ten study areas, there were also established registries for incident
cases of chronic disease (stroke, ischaemic heart disease, diabetes and cancer);
Qingdao had a registry for cancer but not other chronic diseases. As with the
mortality surveillance system, this disease incidence surveillance system was a
government initiative to monitor national disease rates.** The system relied on
clinicians working in local or regional hospitals, out-patient departments or rural
clinics to complete a short disease surveillance form, after diagnosing a new case,
which was then forwarded to the local branch of the China National Center for
Disease Control. As with mortality events, disease event registries were Cross-
checked by CKB staff working at these local branches to identify events in study
participants. Incidence disease surveillance will be supplemented in the future by
linkage to health insurance claim databases which are kept by local government in
each of the areas; such data were not available at the time the analyses in this
thesis were undertaken. CKB staff in each of the ten areas were required to
periodically check the official residential records of the Public Security Bureau to

identify those who had moved out of the area and were, therefore, lost to follow-

up.

In the prospective analyses conducted in this thesis, incident stroke events were
defined as first-ever-in-a-lifetime strokes reported by either the disease or mortality
surveillance systems. Each first-ever-in-a-lifetime stroke event was assigned the

same pathological type as that reported by the surveillance system. The
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occurrence of a first stroke event increases the risk that the participant will
experience further stroke events, of any pathological type.?®* As such, it was
decided to censor at the first stroke event, even when investigating associations
by stroke pathological type, so as not to conflate risk from the exposure of interest
with risk from the sequelae or treatment of the first stroke event (there were 242
subsequent stroke events excluded which were of a different pathological type to
the first-ever-in-a-lifetime stroke). Where strokes of different pathological types
were reported to have occurred on the same day, the pathological type of stroke
was re-classified as ‘unspecified stroke’ (there were 94 strokes reclassified in this
way). As the accurate diagnosis of ischaemic stroke or intracerebral haemorrhage
requires a CT or MRI scan (or autopsy, although these are extremely rare in
China), stroke events in the main prospective analyses were restricted to those for
which the diagnosis was known to have involved a CT or MRI scan. Participants
with a self-reported history of vascular disease at baseline were excluded from

analyses to limit the effects of reverse causality (n = 23 129).

3.4 Adjudication sub-study

The stroke adjudication sub-study aimed to assess the diagnostic accuracy of
incident stroke events reported to the CKB study. It was led by me and conducted
during 2011-12. In brief, it involved locating and retrieving the relevant medical
notes on a selection of stroke events reported to the study from each of ten areas.
Copies of the relevant parts of the medical notes were taken, and reviewed by a
clinician in Oxford using objective diagnostic criteria to assess the diagnostic

accuracy of each stroke event.
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Initially, 1 produced a set of definitions and diagnostic criteria for stroke and
pathological types of stroke, in collaboration with neurologists from the Western
General Hospital, University of Edinburgh (table A.3 in appendix A). These
diagnostic criteria formed the basis of a survey form that was used to guide the
adjudication of stroke events from patients’ notes. | then piloted this survey form in

the Western General Hospital, Edinburgh, and it was refined as a result.

A second pilot was conducted in Suzhou (one of the CKB study sites in China, see
figure 3.1). Several hospitals in both the centre and outskirts of Suzhou were
visited by me and a number of Chinese colleagues involved in the CKB study.
Access to CT and MRI scanners varied markedly by hospital tier: almost all higher
tier hospitals visited had access to scanners whereas these were rare in lower tier
hospitals. The survey form was refined again following this pilot. Parts of the form
were then standardised with other survey forms being developed for adjudication
sub-studies for other chronic disease events in the CKB study (ischaemic heart
disease, diabetes and six types of cancer): see appendix F for the final survey
form. The pilot study in China also allowed the standard operating procedures for
the collection of medical records to be finalised. In particular, the set of key
documents from the medical notes required to adjudicate events was established.
These included the admission record (with history and examination on
presentation), results of investigations (CT and MRI scans, lumbar puncture
analysis, ECG, echocardiogram and Doppler ultrasound of the neck or intracranial

arteries) and the discharge summary.
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It was clear from the pilot study in China that the tier of reporting hospital might be
a major determinant of the accuracy of stroke diagnoses (given the variation in
access to CT or MRI scanners by tier). As such, it was important that there would
be adequate sampling of stroke events from each tier. Some areas, however, had
several dozen hospitals which reported disease events, and it would not be
feasible for CKB staff to collect information from all of these. It was decided,
therefore, to stratify the sampling of events by hospital tier and select the three or
four hospitals within each tier with the highest number of events. The study aimed
to collect information on 100 stroke events in each area, divided equally, where
possible, by hospital tier. This would allow a good assessment of the general
diagnostic accuracy of stroke events within each hospital tier and was the limit of

what the financial and human resources available would allow.

Events were selected mostly from the incidence disease surveillance system, with
other events selected from the health insurance surveillance system. The health
insurance surveillance system was a database of hospitalised events in each area
that was being assessed at the time of writing as a possible enhancement to the
disease incidence surveillance system. Health insurance events were selected for
the adjudication sub-study, despite not being included in the prospective analyses
in this thesis, as this system was likely to be a major source of stroke events for
the CKB study in the future. It was not possible to trace efficiently any hospital
admission prior to death from death certificates: preliminary analyses of stroke
mortality data indicated that a large proportion of stroke deaths occurred at home
and information on the name of any hospitals involved in the diagnosis, and the

associated admission date, was not routinely collected. The most recent events
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from each hospital were selected to increase the likelihood that the medical notes

had not been destroyed or put into long term storage off-site.

CKB staff in each of the ten areas were given a list of selected hospital names and
stroke events, selected by the CKB team in Oxford. Permission was obtained from
the government health bureau in each area to visit the listed hospitals and take
copies of hospital records. The medical notes for the admission relating to the
specific stroke event were identified by cross-checking the hospital admission
records for the patient's name, date of birth and admission date. In most cases,
the records were electronic but in a small number of hospitals it was a paper-
based system. If the admission could not be found, the CKB study team selected
another stroke event from a ‘back-up’ list of stroke events diagnosed in the same
hospital, provided by the CKB team in Oxford. Events from the back-up list were
selected until a set of medical notes were identified. Copies of the key documents
were made by photocopier or by taking a digital photo. Paper copies were then
scanned into computers at the local branch of the China National Center for
Disease Control and transferred together with any photos by secure intranet
connection to CTSU in Oxford. All stroke events were adjudicated at CTSU by a
senior Chinese-speaking clinical fellow (Dr Yiping Chen). | observed the
adjudication of the first 250 stroke cases and addressed any procedural questions.
A paper copy of the stroke survey from was competed for each stroke event and

entered twice into a database by administrative staff at CTSU.
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3.5 Selection of variables and data analyses

3.5.1 Selection of baseline variables

SBP and DBP variables from the baseline survey were selected, together with
other variables which might potentially confound of the association between blood
pressure and stroke incidence. The causal model (figure 1.3) was used to identify
potential confounders; measures of most risk factors in the model were included in
the baseline survey. The following variables were selected: first SBP
measurement, second SBP measurement, first DBP measurement, second DBP
measurement, age, sex, area, education, BMI, waist circumference, hip
circumference, waist-hip ratio, frequency of fresh fruit consumption, frequency of
fresh vegetable consumption, frequency of tea intake, alcohol intake, smoking,
physical activity (MET hours/day), diabetes, blood pressure-lowering medication
use and month of baseline survey. The participants’ month of baseline survey was
selected, despite not being in the causal model, to explore the seasonal variation

in blood pressure.?*

3.5.2 Definitions and categorisation of baseline va  riables

Each participant’s baseline SBP and DBP was calculated as the mean of their two
recorded measurements at baseline. Age at baseline was divided into eight
groups: 30-<40, 40-<45, 45-<50, 50-<55, 55-<60, 60-<65, 65-<70, 70-<80 years.
Education was categorised according to the highest level of education received:
no formal education, primary school, middle school, high school or further

education (technical college or university).
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BMI was calculated by dividing weight in kilograms by the square of their height in
metres. Waist-hip ratio was calculated by dividing waist circumference in
centimetres by hip circumference in centimetres. All measures of adiposity (BMI,
waist circumference, hip circumference and waist-hip ratio) were categorised into

quintiles.

For dietary variables, the baseline questionnaire asked participants the frequency
of their usual consumption over the last year. Consumption of fresh fruit and fresh
vegetables were categorised as never/rarely, monthly, 1-3 days per week, 4-6
days per week or daily; however, as 95% of participants reported consuming fresh
vegetables daily, this was re-coded as a binary variable (daily or not daily). Tea

intake was categorised as never/rarely, occasional, monthly or weekly.

For alcohol intake, participants were categorised according to their frequency of
their usual consumption over the last year (never/rarely, occasional, monthly or at
least weekly), and those who drank alcohol at least weekly were categorised
further according to the quantity of alcohol they reported consuming in a ‘typical’
week. Participants were also asked about their alcohol consumption before the
last year: those who had drank alcohol ‘at least weekly’ in the past but not over the
last year were categorised as ‘ex-weekly’ drinkers; those who drank at least
weekly over the last year who reported that their alcohol consumption had
‘decreased at lot’ compared with some years ago were classified as ‘reduced-

intake’ drinkers.
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The number of participants who had their baseline survey in January or February
was lower than in other months; the annual holiday for Chinese New Year
interrupted the recruitment of participants (the date of Chinese New Year varies
because it is set by a lunar calendar). As such, participants recruited in these

months were combined into a single category.

Physical activity was expressed in metabolic equivalent of task (MET) hours
performed per day, on average, over the last year. This is a means of expressing
a person’s average level of physical activity over a period of time by combining the
intensity and duration of different physical activities into a single measure.®®> MET
values are estimates of energy expenditure relative to an individual's rate of
energy expenditure at rest (their resting metabolic rate), and as such the value is
independent of a participant’s weight. Participants answered questions on the type
and duration of physical activities at work and leisure over the year prior to the
survey. Each activity was assigned a MET value previously devised from physical
activity research® and this was multiplied by the hours per day on average that
the activity was performed. For example, walking at a moderate pace was
assigned a MET value of four (energy expenditure whilst walking is approximately
four times that at rest) so that two hours of walking per day on average would give
a value of 8 MET hours per day for this activity. A participant’s total MET hours

per day was the sum of the MET hours per day for each activity they performed.

Participants were classified as diabetic at baseline if they reported a history of
diabetes in the baseline survey questionnaire, or their random blood glucose test

during the baseline survey was =11.1 mmol/l, or their fasting blood glucose (taken
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the following day in those with a raised random blood glucose test [set at 7.8
mmol/l in this study]) was 7.0 mmol/l. These blood glucose values are consistent
with the diagnostic criteria for diabetes recommended by the World Health

Organisation.®

For smoking, participants were categorised as current smokers, never smokers,
occasional smokers or ex-regular smokers. Lastly, blood pressure-lowering
medication use was defined in this study as use of any allopathic blood pressure-
lowering medication (rather than Chinese traditional blood pressure-lowering
medicine), including: angiotensin-converting-enzyme (ACE) inhibitors, beta-

blockers, calcium-channel blockers and diuretics.

3.5.3 Preliminary descriptive analyses

A set of preliminary analyses were conducted to describe the distribution of
selected variables and identify missing, erroneous or outlying values. Bar charts
were produced to describe the distribution of categorical variables, whereas
histograms and descriptive statistics (mean, standard deviation, median, minimum
and maximum values) were used to describe the distribution of numerical
variables. Scatter plots were produced to identify outlying values and the inter-
relationship between numerical values. Consistency between first and second
blood pressure readings for both SBP and DBP was checked; and logical
consistency between SBP and DBP values was also checked to ensure SBP

values were always greater than DBP values.
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3.5.4 Participant exclusions

An initial set of exclusions to the baseline data were made to address data entry
issues. There were 515 681 participant entries made during the baseline survey.
Some participants, however, were found to have been inadvertently assessed
twice (n = 2208); a number of other participants withdrew before the assessment
was complete (n = 261); and one participant was excluded because of major data
errors identified soon after entry. These entries (or second entries in the case of
those assessed twice) were excluded. An additional 320 participants were
excluded because their age at baseline was outside of pre-specified age range of
interest for the study (30 to 79 years). There were 512 891 participants remaining

following these exclusions.

Participants were further excluded from the cross-sectional, resurvey and
prospective analyses if they had a self-reported history at baseline of stroke/TIA or
heart disease (n = 23 129, for all vascular disease) or missing values (n = 2, both
for weight, used in the calculation of BMI): table B.1 in appendix B. Participants
with outlying values in key variables, found during preliminary descriptive
analyses, were also excluded, given that these may have a considerable impact
on the results of some analyses (n = 1059): tables B.1 and B.2 in appendix B.
These combined exclusions left 488 789 participants (male n = 199 825, female

n = 288 964) for the cross-sectional analyses.

3.5.5 Selection of confounders
Throughout the thesis, potential confounders of associations were identified using

a combination of a priori knowledge and empirical findings. For each association,
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an initial set of important confounders were selected from a priori knowledge.
These were included in regression models, irrespective of whether they were
found to materially change the estimates of the strength of association. Other
potential confounders were only controlled for where they were found by
exploratory analyses to materially change the estimates of the strength of
association. The causal model in figure 1.3 was useful in selecting potential
confounders: to check that major potential confounders had not been overlooked
or selected inappropriately (in particular, that they were not on the causal pathway
between the exposure and outcome of interest, or a common effect of both
exposure and outcome).?”® The effect of confounding was explored further by
sensitivity analyses (reported in appendices): associations were firstly adjusted for
age, sex, education and area only; and then more extensively adjusted for all

other measured risk factors, where appropriate.

3.5.6 Analyses of baseline data

The cross-sectional associations of baseline SBP and DBP with the other
measured vascular risk factors were estimated using general linear models,
adjusted for potential confounders (included as covariates in the regression
models). The associations of blood pressure with age, sex, education and area
were adjusted for each other. The associations of blood pressure with other risk
factor were adjusted for age, sex, education, area plus other potential
confounders, where appropriate: the associations with diabetes were further
adjusted for adiposity (BMI, waist circumference and hip circumference); the
associations with alcohol and smoking were further adjusted for each other; the

associations with blood pressure-lowering medication use were further adjusted
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for other causes of blood pressure (physical activity, adiposity, diabetes, alcohol
intake, fresh fruit consumption and fresh vegetable consumption); and the
associations with measures of adiposity were mutually adjusted, to determine the
shape and strength of their associations with blood pressure independent of each
other. Least-square means (and 95% confidence intervals) of SBP and DBP within

each category of the selected variables were calculated.

3.5.7 Analysis of resurvey data

The regression dilution ratio is the proportional reduction in strength of association
between a risk factor and disease that occurs when risk is plotted against baseline
levels of a risk factor instead of long-term average levels. Dividing the log of the
relative risks (and their standard errors), calculated using baseline levels of a risk
factor, by the regression dilution ratio will correct the relative risks for regression

dilution bias.

Regression dilution ratios for blood pressure were calculated using blood pressure
values from the baseline and resurvey. In total, there were 19 788 participants
resurveyed. A set of preliminary descriptive analyses of SBP and DBP in the
resurvey data were conducted, including descriptive statistics, histograms and
scatter plots. Participants excluded from cross-sectional analyses were also
excluded from regression dilution analyses (n = 988), together with participants
with outlying blood pressure values at resurvey (n = 50). There were 18 791

participants included in the analyses of resurvey data following these exclusions.
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The mean blood pressures at baseline and resurvey were calculated within groups
defined by baseline blood pressure quintiles. These values were plotted against
the time interval between the surveys to demonstrate the serial changes in blood
pressure within these groups. This set of analyses were replicated on data from
the quality control survey, and added to the same plot; the same exclusion criteria

as for the resurvey were applied (n = 811 excluded), leaving 14 911 participants.

The shape and strength of the association between baseline and resurvey blood
pressures was assessed by plotting the mean blood pressure at resurvey against
mean blood pressure at baseline within groups defined by baseline blood pressure
quintiles. Rosner's regression method®*® was used to calculate regression
dilution ratios; the regression dilution ratio being estimated as the slope of the
regression line between baseline and resurvey blood pressures. Rosner’s
regression method was used to produce regression dilution ratios by age at
baseline and sex: firstly, by separate simple linear regression analyses on each
age and sex group, and then, by a single multiple linear regression analysis with
interaction terms for all permutations of baseline blood pressure (SBP or DBP),
age and sex. For comparison, regression dilution ratios were also calculated using
the group method (in quintiles)®* and the intraclass correlation coefficient;*? unlike
Rosner’s regression method these other methods required participants to be

divided into groups by age and sex, with significant loss of power as a result.

3.5.8 Completeness and accuracy of incident stroke events
The completeness of follow-up of stroke events reported by the surveillance

systems by November 2011 was assessed. For each stroke pathological type in
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each area, following was described: the number (and crude rate) of all incident
stroke events reported by either the disease or mortality surveillance systems; the
number of incident stroke events reported by just the disease surveillance system;
and the incident stroke events for which the diagnosis was known to have involved
a CT or MRI scan. This latter group, which was used in prospective analyses, was
a subset of those reported by the disease surveillance system; the use of CT or
MRI scan to diagnose the pathological type of stroke event was not recorded by

the mortality surveillance system.

The number of stroke events selected for the adjudication sub-study were
described by surveillance system, hospital tier, area and stroke pathological type.
Analyses were restricted to stroke events for which the participant information in
the medical notes matched participant information in the CKB study (name, sex,
year of birth and admission dates within one month); this ensured that the medical
notes for the correct stroke event in the CKB study were analysed. The
pathological type of stroke event reported to the CKB study was then compared to
the diagnosis assigned during adjudication; the proportion of events of each stroke
pathological type for which the diagnosis was confirmed during adjudication
process was calculated (positive predictive value). Variation in the positive
predictive value of ischaemic stroke was further analysed by surveillance system,
hospital tier, area and age at event. Sensitivity analyses were conducted by
calculating positive predictive values for each stroke pathological type after

restricting the analyses to adjudicated stroke events used in prospective analyses.
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The results of this sub-study indicated that ischaemic stroke in the CKB study
would more appropriately be described, at present, as cerebral infarction (used in
this thesis to mean events for which there was evidence of cerebral infarction from
a CT or MRI scan, with or without sufficient clinical evidence of the
signs/symptoms of stroke). As such, ischaemic stroke in subsequent sections is

referred to as cerebral infarction.

3.5.9 Stroke incidence and exclusions for prospecti ve analyses

The incidence of stroke events, reported between the baseline survey and
November 2011, included in the subsequent prospective analyses were described
for each pathological type by age and sex and by area. Participants excluded from
cross-sectional analyses were also excluded from this and further prospective
analyses. Events and person-years of follow-up from Qingdao (participants = 33
351) were also excluded because there were no stroke events reported in this
area that were known to have involved a CT or MRI scan (the disease surveillance
system had not yet been initiated in Qingdao). Events and person-years outside of
the age range 40 to 79 years were excluded (events = 61) as the few events for
each pathological type outside of this age range would not produce reliable results
in the prospective analyses at age <40 or 280 years. Following these exclusions,
there were 455 438 participants with a total of 2.1 million person-years of follow-up
and 5783 incident stroke events: 4513 cerebral infarction events, 1071
intracerebral haemorrhage events, 85 subarachnoid haemorrhage events and 114

other or unspecified stroke events.
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3.5.10 Associations of usual blood pressure and str oke incidence

Prospective analyses were conducted on 455 438 participants (184 949 males
and 270 489 females), following the exclusions described in the previous section.
The associations between usual blood pressure and each stroke pathological type
were analysed and described separately. The associations for cerebral infarction
and intracerebral haemorrhage were described in greater detail than for
subarachnoid haemorrhage or unspecified stroke because of the few events for

these latter pathological types.

Cox proportional hazards regression models were used to investigate the
associations. A statistical program developed within CTSU was employed to run
the models. Participants were censored after their first stroke event, at the date of
loss to follow-up or at death. Models were stratified by area and five-year age at
risk group. This meant the proportional hazards assumption did not have to be
assumed between age groups in or between each area, although it was still
assumed within each 5 year age group in each area. 95% confidence intervals
about the hazard ratios were calculated using the floating absolute risk method;*
this appropriately attributes variance to the reference group and other groups, to
allow confidence intervals to be used to compare risks in any two groups, rather

than solely between the reference group and another group.

The shapes of the associations between usual blood pressure and risk of cerebral
infarction and intracerebral haemorrhage were assessed by plotting usual blood
pressure against risk of the stroke pathological type. Participants were divided into

five groups according to baseline blood pressure. The following blood pressure
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groups were chosen to give a broad range of blood pressure groups whilst
maintaining reasonable numbers of strokes in each group: <125, 125-<145, 145-
<165, 165-<185, 2185 mm Hg for SBP and <75, 75-<85, 85-<95, 95-<105, 2105
mm Hg for DBP. The hazard ratios were adjusted for age, sex, education and
area, and calculated relative to the lowest blood pressure group. A graphics
program developed by CTSU, specifically to graph the results from the Cox
proportional hazards statistical program, was used to produce the basic plots to
which refinements were made. The mean blood pressure in each of the blood
pressure groups was recalculated to take account of regression dilution bias: the
differences between the overall mean blood pressure and the mean blood
pressure in each blood pressure group were multiplied by the overall regression
dilution ratio (calculated as described below); these new differences were added
to the overall mean blood pressure to give the corrected mean blood pressures in
each blood pressure group. The effect was to increase the slope of the log-linear

association by a factor equal to the inverse of the regression dilution ratio.

Age, sex, education and area were considered important a priori confounders that
would be controlled for in analyses of the relationship between blood pressure and
stroke pathological type, irrespective of whether they were found to materially
change the estimates of the strength of association. The effect of other major
potential confounders was assessed by progressive adjustment of the
associations between blood pressure and risk of cerebral infarction and
intracerebral haemorrhage; potential confounders were progressively added as
covariates in the Cox proportional hazards regression models. As the relationship

between usual blood pressure and risk of both cerebral infarction and intracerebral
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haemorrhage was log-linear, the associations were reported as hazard ratios per
10 mm Hg higher usual SBP and per 5 mm Hg higher usual DBP. Correction for
regression dilution bias was made by dividing the log of the hazard ratios by the

overall regression dilution ratio, and taking the exponential.

The shapes of the associations by age were examined further in a set of plots
produced in much the same way to the overall plots. Participants were divided into
the same five blood pressure groups but then stratified by ten-year age at risk
groups, yielding at total of twenty groups. The hazard ratios were estimated
relative to the lowest blood pressure group at the youngest age (40-49 years). The
mean of the sex-specific regression dilution ratios within each age group were
used to correct for regression dilution bias within each age group. The mean blood
pressure in each of the blood pressure groups were recalculated to take account
of regression dilution bias in the same way as previously described for the overall
plots, except age-specific regression dilution ratios and age-specific overall means

were used.

The strength of the age- and sex-specific associations between usual blood
pressure, and risk of cerebral infarction and intracerebral haemorrhage were
reported as hazard ratios per 10 mm Hg higher usual SBP and per 5 mm Hg
higher usual DBP. Correction for regression dilution was made to each age- and
sex-specific hazard ratio (and its standard errors) by dividing the log of the age-
and sex-specific hazard ratios (and their standard errors) by the equivalent age-
and sex-specific regression dilution ratio (calculated using Rosner’s regression

method,®® as described earlier), and taking the exponential. The corrected overall
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hazard ratio was the weighted average of the corrected age- and sex-specific
hazard ratios (weighted by the inverse variance of the log hazard ratios). The
corrected age-specific hazard ratios and corrected sex-specific hazard ratios were
the weighted average of their component corrected age- and sex-specific hazard
ratios. The overall regression dilution ratio was calculated by dividing the log of the
corrected overall hazard ratio by the log of the overall hazard ratio uncorrected

regression dilution bias.

Effect modification of the main associations for cerebral infarction and
intracerebral haemorrhage were investigated by stratifying by levels of the
potential effect modifier and applying the same methods as described above to
calculate the overall hazard ratio corrected for strata-specific regression dilution
bias. A chi-squared test of heterogeneity was used to assess whether there was
sufficient evidence to reject the null hypothesis that there were no differences in
the strength of association between levels of the effect modifier. Effect
modification of the associations were assessed by area (urban/rural), alcohol
intake, smoking, BMI, physical activity (MET hours/day), diabetes and blood
pressure-lowering medication use. Effect modification by area (urban/rural),
alcohol intake, smoking, BMI and physical activity was further assessed for males
and females separately. Effect modification by diabetes and blood pressure-
lowering medication use was assessed for both sexes combined only, as there
were too few participants in some categories to allow the sex-specific regression
dilution ratios to be reliably estimated for either sex. Variation in the strength of
association using fatal stroke events (defined as events followed by death within

30 days) and non-fatal events (defined as events not followed by death within 30
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days) was also examined for both sexes combined. A forest plot graphics program
developed by CTSU was used to illustrate the strength of associations by potential

effect modifiers.

The strength of the overall associations between usual blood pressure and risk of
subarachnoid haemorrhage and unspecified stroke were reported as hazard ratios
per 10 mm Hg higher usual SBP and per 5 mm Hg higher usual DBP. There were
insufficient events of either of these stroke pathological types to assess the shape
of the associations or to assess for effect modification. The strength of the overall
associations between usual blood pressure and all stroke pathological types were
compared in a set of figures, which also reported the strength of the overall
associations using stroke events not known to have involved imaging with CT or
MRI scan. These latter associations were calculated for each pathological type in
the same way as stroke events known to have involved imaging. The overall
associations between usual blood pressure and all stroke events combined was
calculated as the weighted average of the hazard ratios for each stroke
pathological type (using stroke events known and not known to have involved

imaging).

Lastly, the informativeness of a single blood pressure measurement at baseline for
predicting risk of cerebral infarction and intracerebral haemorrhage was compared
between SBP, DBP and other blood pressure indices derived from these measures
(mid blood pressure = 1/2SBP +1/2DBP, mean arterial pressure = 2/3SBP +
1/3DBP, and pulse pressure = SBP-DBP). Informativeness was defined as the chi-

squared (X?;) value relating the blood pressure index to the incidence of cerebral
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infarction and intracerebral haemorrhage, using stroke events known to have
involved imaging. The overall X% value for each blood pressure index was the sum
of the age and sex-specific X% values. These values were expressed as a

proportion of the X?; value for the overall most predictive blood pressure index.

SAS version 9.2 was used for all statistical analyses and all figures were produced

using the R statistical software.
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Chapter 4: Results

The main results reported in this chapter are the associations between usual
blood pressure and incidence of stroke pathological types, overall and by potential
effect modifiers. Before these results are presented, however, the baseline
characteristics of the analysed population are described; associations of blood
pressure with potential confounders of the main associations are considered,;
regression dilution ratios for blood pressure are presented; and the completeness
and accuracy of incidence stroke events in the CKB study is assessed, with a

particular emphasis on results from the adjudication sub-study.

4.1 Participant characteristics

Descriptive analyses were conducted on 488 789 participants, after excluding
24 102 participants with a history of vascular disease or outlying values of key
variables, as described in Methods. In this sample, the number recruited from
each of the ten areas varied from 28 955 in Haikou to 60 300 in Henan (table 4.1).
59% of participants were female and the mean age for males and females was 52
years and 51 years, respectively. In total, 49% of the participants were educated
to middle school or higher (males 58% and females 43%; urban 68% and rural

35%).

The overall mean BMI was 23.6 kg/m?, and was slightly lower in males (23.4

kg/m?) than females (23.7 kg/m?): table 4.2. On average, waist circumference was
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slightly larger in males (81.8 cm) than females (78.8 cm), but hip circumference
was much the same in both sexes (males 90.5 cm, females 91.0 cm), such that
the average waist-hip ratio was slightly higher in males (90.2%) than females
(86.5%). Participants had, on average, 26.0 MET hours/day of exercise (males

27.2 MET hours/day, females 25.2 MET hours/day).

A higher proportion of males than females were smokers and regular alcohol
drinkers: 62% of males were smokers compared to 2% of females; 34% of males
drank alcohol at least once per week on average compared to 2% of females.
Males also drank tea more frequently than females: 51% of males drank tea at
least once per week on average compared to 21% of females. Almost all
participants consumed fresh vegetables daily (95%), whereas only 21% of males
and 14% of females consumed fresh fruit daily. 5% of participants were diabetic:
3% had a self-reported history of diabetes and a further 2% were diagnosed from
the blood glucose tests performed during the baseline survey. 4% of participants
at baseline reported currently using allopathic blood pressure-lowering medication

(ACE inhibitor, beta-blocker, calcium channel blocker or diuretic).

Mean SBP and DBP at baseline were slightly higher in males than females
(figures 4.1 and 4.2). Mean (SD) SBP was 132.3 (19.7) mm Hg in males and
129.4 (21.7) mm Hg in females (figure 4.1); the median SBP values were slightly
lower (males 129.5 mm Hg, females 126.0 mm Hg). The mean DBP in males was
79.1 mm Hg (SD 11.3) and 76.7 mm Hg (10.8) in females (figure 4.2). The median
DBP was 78.5 mm Hg in males and 76.7 mm Hg in females. For both sexes, SBP

and DBP were approximately normally distributed, though slightly skewed to the
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right, and there was minor digit preference for even integers. SBP and DBP were
strongly correlated (table B.3 in appendix B): the Pearson partial correlation
coefficients (r), adjusted for area and age, was 0.77 for males and 0.74 for

females.

4.2 Baseline associations of blood pressure with ma  jor potential

confounders

This section describes the associations between blood pressure and a range of
risk factors for stroke which might confound the main associations in this thesis
between usual blood pressure and incidence of stroke pathological types. The
strength of the associations with age, sex, education and area are described,
adjusted for each other. The associations with other variables are adjusted only for
age, sex, education and area, unless otherwise stated. Sensitivity analyses were
conducted as described in Section 3.5.5: associations adjusted only for age, sex,
education and area are given in tables B.7-B.9 in appendix B, and associations
further adjusted for a more extensive set of other potential confounders are given
in tables B.10-B.13 in appendix B. These sensitivity analyses are discussed below
only where the strengths of the associations were materially different from those

reported in the main results.

4.2.1 Age, sex, education and area
There was a strong positive association between age and SBP in each sex: figure
4.3 (table B.4 in appendix B). The association was approximately linear for both

sexes and, on average, more than twice as steep in females as in males: 10 years
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extra of baseline age was associated with 7.7 mm Hg (95% CI: 7.2-8.2) higher
SBP in females and 3.6 mm Hg (3.1-4.2) higher SBP in males (p neterogeneity =
<0.001). The association between DBP and age was non-monotonic, with a
positive association in age groups less than 50 years and a negative association
thereafter. The shape of the association was similar in males and females (figure
4.3). Analyses by area found that the shape and strength of the associations

between age and both SBP and DBP were much the same in all ten areas.

Overall mean blood pressure was higher in males than females by 2.5 mm Hg
(95% CI: 2.3-2.6) SBP and 2.5 mm Hg (2.4-2.5) DBP: table 4.3. The difference in
mean blood pressure between the sexes varied, however, by age (figure 4.3).
Mean SBP was somewhat higher in males than females in age groups less than
50 years and slightly higher in females than males in older age groups. Mean DBP
was higher in males than females at all ages, although the difference narrowed

with increasing age.

There was a negative association between level of education and both SBP and
DBP: table 4.3. Participants with a technical college or university education had
on average 5.3 mm Hg (95% CI: 5.0-5.6) lower SBP and 1.4 mm Hg (1.2-1.5)

lower DBP than those who had not received any formal education.

There was considerable variation in both SBP and DBP by area: table 4.3. The
lowest mean SBP was in Haikou (123.8 mm Hg [95% CI: 123.6-124.1]) and the
highest was in Henan (134.3 mm Hg [134.1-134.4]). The lowest mean DBP was

also in Haikou (74.4 mm Hg [95% CI: 74.3-74.6]) with the highest in Zhejiang (80.0
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mm Hg [79.9-80.1]). Overall, the five rural areas had slightly higher mean blood
pressure levels than the five urban areas, by 2.8 mm Hg (95% CI: 2.6-2.9) for SBP

and by 0.4 mm Hg (0.4-0.5) for DBP (adjusted for age, sex, education and area).

4.2.2 Adiposity

There were strong positive linear associations between each of the four simple
adiposity measures and both SBP and DBP (figure 4.4 illustrates these
relationships for SBP): 5 kg/m? higher BMI was associated with 8.2 mm Hg (95%
Cl: 8.2-8.3) higher SBP and 4.3 mm Hg (4.3-4.4) higher DBP; 10 cm higher waist
circumference with 5.3 mm Hg (95% CI: 5.2-5.3) higher SBP and 2.8 mm Hg (2.8-
2.8) higher DBP; 10 cm higher hip circumference with 6.9 mm Hg (6.9-7.0) higher
SBP and 3.7 mm Hg (3.7-3.8) higher DBP; and 10 percentage points higher
waist-hip ratio with 5.8 mm Hg (5.8-5.9) higher SBP and 3.1 mm Hg (3.0-3.1)

higher DBP.

The strengths of these associations were reduced by further adjustment for the
other adiposity variables: figure 4.4. The associations for BMI were reduced only
slightly, those for waist and waist-hip ratio by about a half, and that for hip
circumference so entirely that it became slightly negative: 5 kg/m? higher BMI was
associated with 7.2 mm Hg (95% CI: 7.0-7.3) higher SBP and 3.5 mm Hg (3.4-3.6)
higher DBP; 10 cm higher waist circumference with 2.6 mm Hg (2.5-2.7) higher
SBP and 1.3 mm Hg (1.2-1.3) higher DBP; 10 cm higher hip circumference with
0.5 mm Hg (0.4-0.7) lower SBP and 0.2 mm Hg (0.2-0.3) lower DBP; and 10
percentage points higher waist-hip ratio with 2.0 mm Hg (1.9-2.1) higher SBP and

1.0 mm Hg (0.9-1.0) higher DBP (table B.5 in appendix B).
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Blood pressure was more strongly associated with BMI than the other adiposity
measures, as illustrated in figure 4.4 of the associations between quintiles of
adiposity measures and SBP, both with and without adjustment for other adiposity
variables. Further adjustment for a more extensive set of other potential
confounders (table B.10 in appendix B), did not materially change the strength of
the associations for BMI; the associations with waist circumference and waist-hip
ratio became slightly more positive; and those with hip circumference slightly more

negative.

4.2.3 Dietary variables

There was a moderately negative association between frequency of fresh fruit
consumption and both SBP and DBP (both p yend = <0.0001): table 4.4. Daily
consumers of fresh fruit had, on average, 3.2 mm Hg (95% CI: 2.9-3.4) lower SBP
and 1.1 mm Hg (0.9-1.2) lower DBP than those who never or rarely consumed
fresh fruit. There was no evidence, however, that SBP or DBP were strongly
related to the frequency of fresh vegetable consumption (both p heterogeneity = 20.2):

table 4.4.

There was a slight positive association between frequency of tea intake and both
SBP and DBP (both p eng = <0.0001): table 4.4. Weekly tea drinkers had on
average a 1.4 mm Hg (95% CI: 1.3-1.6) higher SBP and 1.0 mm Hg (0.9-1.1)
higher DBP than those who never or rarely drank tea. Further adjustment for a
more extensive set of potential confounders (table B.11 in appendix B) reduced

the average difference in SBP and DBP by just under a half: weekly tea drinkers
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had on average a 0.7 mm Hg (95% CI: 0.6-0.9) higher SBP and 0.6 mm Hg (0.5-
0.7) higher DBP than those who never or rarely drank tea. This reduction was
almost wholly the result of adjustment for adiposity (BMI, waist circumference and
hip circumference): adjusted for age, sex, education, area and adiposity, weekly
tea drinkers had on average a 0.6 mm Hg (95% CI: 0.4-0.7) higher SBP and 0.6

mm Hg (0.5-0.6) higher DBP than those who never or rarely drank tea.

4.2.4 Other variables

There was a J-shaped association between alcohol intake and both SBP and
DBP, adjusted for age, sex, education, area and smoking: figure 4.5, and table B.6
in appendix B. Occasional alcohol drinkers had the lowest average blood
pressure; never drinkers had on average 2.0 mm Hg (95% CI: 1.9-2.1) higher SBP
and 0.9 mm Hg (0.8-0.9) higher DBP, than occasional alcohol drinkers; and those
with an average intake of >210 g per week had 6.4 mm Hg (95% CI: 6.1-6.6)
higher SBP and 4.1 mm Hg (4.0-4.2) higher DBP. Ex-weekly and reduced-intake
drinkers had blood pressures consistent with participants who had an average

intake of 70-<140 g per week.

Mean blood pressure varied by month of baseline survey: figure 4.6, and table B.8
in appendix B. Both mean SBP and mean DBP were lowest in July and August,
and increased every month to January/February. Participants recruited in August
had on average 10.9 mm Hg (95% CI: 10.7-11.2) lower SBP and 3.8 mm Hg (3.7-

3.9) lower DBP than participants recruited in January/February.
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There was a slight negative association between physical activity, as measured by
MET hours/day, and both SBP and DBP: table 4.5. 10 MET hours/day higher level
of physical activity was associated with 0.25 mm Hg (95% CI: 0.21-0.30) lower
SBP and 0.29 mm Hg (0.27-0.32) lower DBP. Further adjustment of other potential
confounders did not materially affect the strength of these associations (table B.13
in appendix B); further adjustment did not include adiposity (BMI, waist
circumference and hip circumference), however, as it may lie on the causal
pathway between physical activity and blood pressure (figure 1.3). Adjusting for
age, sex, education, area and adiposity, there was no association with SBP and
the association with DBP was reduced in strength by just under a half: 10 MET
hours/day higher level of physical activity was associated with 0.04 mm Hg (95%
Cl: 0.08- -0.02) lower SBP and 0.17 mm Hg (0.15-0.20) lower DBP. This indicated
that much of the effect of physical activity on blood pressure was mediated

through adiposity.

There was a negative association between smoking and both SBP and DBP
(adjusted for age, sex, education, area and alcohol intake): table 4.5. Current
smokers had, on average, 2.9 mm Hg (95% CI: 2.7-3.2) lower SBP and 1.7 mm
Hg (1.6-1.9) lower DBP than those who had never smoked. Adjusted only for age,
sex, education and area (but not alcohol), the average difference in blood
pressure between current and never smokers was somewhat less than when
alcohol was included in the model (table B.9 in appendix B). Adjusting for a more
extensive set of potential confounders (table B.13 in appendix B), slightly reduced
the strength of association: current smokers had 2.2 mm Hg (95% CI: 2.0-2.4)

lower SBP and 1.3 mm Hg (1.2-1.4) lower DBP, on average, than those who had
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never smoked. This change was found to be accounted for by adjustment for four
risk factors: fresh fruit consumption, tea intake and month of baseline survey, all
slightly increased the strength of the association when added separately to the
model (together with age, sex, education, area and alcohol intake); whereas
adding adiposity (BMI, waist circumference and hip circumference) to the model

reduced the strength of the association.

There was a moderate positive association between history of diabetes and SBP
(adjusted for age, sex, education, area and adiposity), and a slight positive
association for DBP (table 4.5). Participants with a history of diabetes had 5.6 mm
Hg (95% CI: 5.3-5.8) higher SBP and 0.5 mm Hg (0.3-0.6) higher DBP, on
average, than those without diabetes. Adjusted only for age, sex, education and
area, the differences in average blood pressure between those with and without
diabetes was somewhat greater than when adiposity was included in the model

(table B.9 in appendix B).

There was a strong positive association between use of blood pressure-lowering
medication and both SBP and DBP (adjusted for age, sex, education, area,
adiposity, fresh fruit consumption, fresh vegetable consumption, tea intake,
alcohol intake, month of baseline survey, MET hours/day, smoking and diabetes):
table 4.5. Participants using blood pressure-lowering medication at baseline had
15.1 mm Hg (95% CI: 14.8-15.3) higher SBP and 6.7 mm Hg (6.5-6.8) higher
DBP, on average, than those who did not report such use. Adjusted only for age,
sex, education and area, the differences in average blood pressure between

participants using and not using blood pressure-lowering medication was
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somewhat greater than when other variables were included in the model (table B.9

in appendix B).

4.3 Regression dilution ratios for blood pressure

Following exclusions (described in Methods), analyses were conducted on 18 791
participants with both baseline and resurvey blood pressure values. The
demographic characteristics of the participants resurveyed (performed on average
2.6 years after the baseline survey) were similar to the overall baseline survey:
61% were female compared with 59% at baseline, and the mean age at baseline

was 52 years, both overall and for those resurveyed (table 4.6).

Participants of the resurvey were divided into quintiles defined by their blood
pressure at baseline (figure 4.7). The range of the quintile means reduced
markedly between baseline and resurvey. The SBP range at baseline was 59 mm
Hg, reducing to 39 mm Hg at resurvey: a regression dilution ratio of 0.66. For
DBP, the baseline range was 31 mm Hg reducing to 20 mm Hg at resurvey: a

regression dilution ratio of 0.65.

The reduction in quintile means between baseline and quality control survey
(figure 4.8) indicates that most regression to the mean occurred by the time of the
quality control survey (SBP range 45 mm Hg, DBP range 22 mm Hg), performed
on average 17 days after the baseline survey, but that some more occurred by the
time of the resurvey, on average two and half years later. This shows that

technical measurement error and/or temporal variation over the short-term (e.g.
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days rather than months) accounts for most of regression dilution bias for blood

pressure, as least within the first few years of follow-up.

Blood pressure at baseline and resurvey was highly correlated (SBP r=0.70, DBP
r=0.66; figure 4.8) and there was strong evidence for a linear association between
blood pressure at baseline and resurvey (figure 4.9). The strength of these
associations, as estimated by the slope of the regression line between baseline
and resurvey blood pressure (with baseline blood pressure on the x-axis), was
0.65 (95% CI: 0.64-0.66) for SBP and 0.61 (0.60-0.62) for DBP (figure 4.9). The
slope of these regression lines is a measure of the overall regression dilution ratio

for the sample (Rosner’s regression method).®

There was notable variation in the regression dilution ratio by age and sex,
calculated using Rosner’s regression method (table 4.7). Ratios were more
extreme in males than females, and at older than younger ages. For SBP, the
regression dilution ratios at ages 30-39 years and 70-79 years were 0.64 and
0.52, respectively, in males, and 0.70 and 0.57 in females. For DBP, the age-
specific differences by sex were slightly less marked: the regression dilution ratios
at ages 30-39 years and 70-79 years were 0.65 and 0.56, respectively, in males,
and 0.66 and 0.57 in females. These results imply that within-person variability of
real blood pressure levels, of technical measurement error, or of both, were
slightly greater in males than females, and somewhat greater at older than
younger ages in both sexes. Ratios were not materially changed by further
adjustment for area and education. A comparison of age- and sex-specific

regression dilution ratios by method of calculation found little difference in the age-
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and sex-specific ratios produced by Rosner's regression method,® the group

method®® or the intraclass correlation coefficient method®? (table 4.8).

4.4 Completeness and accuracy of incident stroke ev  ents

4.4.1 Completeness

There were 8692 incident stroke events reported by the follow-up surveillance
systems by November 2011 (table 4.9): 6043 (70%) ischaemic stroke events,
2197 (25%) intracerebral haemorrhage events, 130 (1.5%) subarachnoid
haemorrhage events and 322 (3.5%) unspecified stroke events. Overall, the
proportion of participants reported as loss to follow-up was small (0.2%; 857
participants). The overall crude incidence rate of stroke was 351 per 100 000
person-years. The total number of incident stroke events reported from each of the
ten areas ranged from 34 in Qingdao (crude incidence rate of 20 per 100 000
person-years) to 1957 in Henan (crude incidence rate of 633 per 100 000 person-
years). The number of stroke events reported from Qingdao was much lower than
that for any other area: the second lowest number was for Henan, with 287 stroke

events (crude incidence rate of 211 per 100 00 person-years).

There was only one stroke event reported by the mortality surveillance system to
have been diagnosed by autopsy. Information on whether the diagnosis of an
incident stroke event had involved imaging by CT or MRI scan was available only
for events reported by the disease surveillance system (ie. not for deaths reported
by the mortality surveillance system). The proportion of incident stroke events

reported by the disease surveillance system varied enormously by area (table
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4.10). Notably, Qingdao did not have any stroke events reported by the disease
surveillance system, as it was not yet operating in this area: a fact that accounts
for this area’s very low number of reported incident stroke events. The proportion
of stroke events reported by the disease surveillance system also varied by stroke
pathological type: 97% of ischaemic stroke events were reported by the disease
surveillance system, 56% of intracerebral haemorrhage events, 84% of
subarachnoid haemorrhage events and 73% of unspecified stroke (table 4.10).
The number of incident stroke events reported by each of the surveillance systems
for each pathological type, stratified by age, by sex and by area can be found in

tables C.1-C.3 in appendix C and illustrated in figure C.1 in appendix C.

Of 7439 incident stroke events reported by the disease surveillance system, 79%
(5844 events) had been known to have involved imaging: 78% of ischaemic stroke
events, 87% of intracerebral haemorrhage events, 84% of subarachnoid
haemorrhage events and 49% of unspecified stroke. Consequently, the overall
proportion of incident stroke events of each pathological type known to have
involved imaging was the product of the proportion reported by the disease
surveillance system and the proportion of these that were known to have involved
imaging by CT or MRI scan: 75% (4556 events) of ischaemic stroke events, 71%
(92) of subarachnoid haemorrhage events, but just 49% (1081) of intracerebral
haemorrhage events and 36% (115) of unspecified stroke events (table 4.11,
figure 4.10). As a result of these analyses, person-years of observation from
Qingdao were excluded from the main prospective analyses because of the

incompleteness of follow-up in this area.
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4.4.2 Accuracy

The accuracy of stroke diagnoses was assessed by the adjudication sub-study.
There were 1781 stroke events selected for the adjudication sub-study (table
4.12). The notes of 436 of these events could not be retrieved from the hospitals.
Copies of the remaining 1345 were taken and adjudicated by the CKB team.
During the adjudication process, there were 323 of these events for which either
the participant information (name, sex, year of birth) or admission date (within one
month) in the medical notes did not match that of the stroke event reported to the
CKB study. After excluding these events, there were 1022 events on which
analyses were conducted: 807 ischaemic stroke events, 139 intracerebral
haemorrhage events, 21 subarachnoid haemorrhage events and 55 unspecified

stroke events.

Ischaemic stroke

The overall positive predictive value of ischaemic stroke was 42% (95%CI: 39-46):
table 4.13. Of the 807 ischaemic stroke events adjudicated, 341 events were
adjudicated as ischaemic stroke, 15 events (2%) were adjudicated as other
pathological types (14 events were intracerebral haemorrhage and one event was
subarachnoid haemorrhage), 34 events (4%) were adjudicated as not stroke and
417 events (52%) were adjudicated as ‘equivocal’, as there was not sufficient
information to verify or refute the diagnosis of ischaemic stroke. In this last group,
there were 306 events for which there was evidence of cerebral infarction on CT
or MRI scan but not sufficient clinical evidence of stroke documented during
admission. It was observed informally by the adjudicator, that for most of these

events, stroke was not considered the main diagnosis at discharge, implying that
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cerebral infarction may have been an incidental finding rather than the main cause

of the presenting complaint.

For 70 ischaemic stroke events, there was a different final diagnosis in the medical
notes to that assigned in the CKB study: either stroke was not reported as a final
diagnosis in the notes or the pathological type of stroke was different to that
reported in the CKB study. This may have been the result of some error in the
process of reporting the diagnosis or the wrong admission notes had been
collected. Excluding these events only slightly increased the positive predictive
value of ischaemic stroke and slightly reduced the number of false positive events
(those adjudicated as other pathological types or not strokes). Of 737 ‘matched’
ischaemic stroke events, 330 events (45%) were adjudicated as ischaemic stroke;
2 events (<1%) were adjudicated as other pathological types (both intracerebral
haemorrhage events); 12 events (2%) were adjudicated as not strokes; and 393

events (53%) were adjudicated as equivocal (table C.5 in Appendix C).

The proportion of ischaemic stroke events adjudicated as equivocal with evidence
of cerebral infarction on CT or MRI scan (‘cerebral infarction CT/MRI’), varied by
surveillance system, hospital tier, area, and age at event (table 4.14). Events
reported by the disease surveillance system had a higher proportion adjudicated
as cerebral infarction CT/MRI (44% [95% CI: 40-48]) than those reported by the
health insurance system (24% [19-30]). Tertiary level hospitals had a higher
proportion (45% [95% CI: 40-51]) than primary (34% [28-40]) or secondary (32%
[27-38]) level hospitals; and the proportion varied somewhat by area, ranging from

66% (95% CI: 55-75) in Harbin to 15% (8-25) in Qingdao. There was weak
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evidence of variation by age, with the youngest age group having a slightly lower
proportion than at older ages (40-49 years: 27% [95% CI: 19-37]) than older age
groups (70-79 years: 42% [34-49]). These results indicate that events adjudicated
as cerebral infarction CT/MRI were not restricted to particular hospital tiers, areas
or age groups that could be easily excluded from the prospective analyses to
substantially improve the positive predictive value for ischaemic stroke. The
overall predictive value of ischaemic stroke for ischaemic stroke and cerebral

infarction CT/MRI combined was 80% (95% CI: 77-83).

Intracerebral haemorrhage

The overall positive predictive value of intracerebral haemorrhage was 85% (95%
Cl: 78-89): table 4.13. Of the 139 intracerebral haemorrhage events adjudicated,
118 events were adjudicated as intracerebral haemorrhage, 4 events (3%) were
adjudicated as other pathological types (2 events were ischaemic stroke and 2
event were subarachnoid haemorrhage), 8 events (6%) were adjudicated as not
strokes, and 9 events (6%) were adjudicated as equivocal. There were 24 events
for which there was a different discharge diagnosis in the medical notes to the
CKB data. Excluding these events, 112 events (97%) were adjudicated as
intracerebral haemorrhage, zero events were adjudicated as other pathological
types, 1 event was adjudicated as not stroke, and 2 events were adjudicated as

equivocal (table C.6 in Appendix C).

Subarachnoid haemorrhage
The overall positive predictive value of subarachnoid haemorrhage was 62% (95%

Cl: 41-79): table 4.13. Of the 21 subarachnoid haemorrhage events adjudicated,
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13 events were adjudicated as subarachnoid haemorrhage, 2 events (10%) were
adjudicated as other pathological types (both intracerebral haemorrhage events),
3 events (14%) were adjudicated as not strokes, and 3 events (14%) were
adjudicated as ‘equivocal’. There were 7 events for which there was a different
discharge diagnosis in the medical notes to that assigned in the CKB study.
Excluding these events, 11 events (79%) were adjudicated as subarachnoid
haemorrhage and 3 events (21%) were adjudicated as not stroke (table C.6 in

Appendix C).

Sensitivity analysis

The main analyses of the adjudication sub-study were repeated using only the 416
stroke events included in the subsequent prospective analyses (tables C.7-C.8 in
appendix C). The results were similar to the previous results for all stroke events.
The positive predictive value of ischaemic stroke was 37% (95% CI: 32-42). Of the
340 ischaemic stroke events adjudicated, 125 events were adjudicated as
ischaemic stroke, 5 events (2%) were adjudicated as other pathological types (all
intracerebral haemorrhage events), 14 events (4%) were adjudicated as not
strokes, and 196 events (58%) were adjudicated as ‘equivocal’ (157 of these
events had evidence of cerebral infarction on CT/MRI scan). The variation in the
proportion of ischaemic stroke events adjudicated as ischaemic stroke and
cerebral infarction CT/MRI, by hospital tier, area and age (table C.8 in Appendix
C) were again similar to the results for all stroke events. The overall positive
predictive value of ischaemic stroke for ischaemic stroke and cerebral infarction
CT/MRI combined was 83% (95% CI: 79-87). As in the analyses of all stroke

events, the positive predictive value was high for both intracerebral haemorrhage
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(81% [95% CI:. 70-89]) and subarachnoid haemorrhage (73% [95% CI: 43-90]),
and the proportion of these stroke pathological types misclassified as other
pathological types was low (table C.7 in appendix C). Finally, repeating these
analyses excluding 48 events with different final diagnosis in the medical notes to

that assigned in the CKB study gave similar results (table C.9 in Appendix C).

4.5 Stroke incidence rates

There were 5783 stroke events known to have involved imaging by CT or MRI
scan (tables 4.15 and 4.16). The main prospective analyses that follow restricted
analyses to these events. Participants from Qingdao were excluded as there was
substantial undercounting of stroke events imaged by CT or MRI scan in this area.
Stroke events and person-years of follow-up outside of the age range 40-79 were
also excluded as there were too few events at age <40 years and =80 years to
provide reliable results for the main prospective analyses at these ages (stroke
events by age and sex prior to these exclusion are shown in tables C.4 [all events]
and C.5 [events imaged by CT/MRI] in appendix C). Ischaemic stroke events in
the CKB study are referred to as ‘cerebral infarction’ in this and subsequent
sections of the thesis, as the adjudication sub-study found that these events would

more accurately be described as cerebral infarction, at present.

Among 455 438 participants (184 949 males and 270 489 females), the overall
age- and sex-standardised incidence of stroke at age 40-79 years was 399 events
per 100 000 person-years (standardised by taking the unweighted average of the

component ten-year incidence rates in both males and females): table 4.15. The
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age- and sex-standardised incidence at 40-79 years varied by stroke pathological
type: 313 per 100 000 person-years for cerebral infarction (4513 events), 73 per
100 000 person-years for intracerebral haemorrhage (1071 events), 5 per
100 000 person-years for subarachnoid haemorrhage (85 events) and 9 per 100

000 person-years for unspecified stroke (114 events).

There were too few events for subarachnoid haemorrhage and unspecified stroke
to reliably compare incidence rates by area, age or sex. The incidence of cerebral
infarction and intracerebral haemorrhage was higher at older ages in both males
and females, and the age-specific rates were higher in males than females (table
4.15). The incidence of cerebral infarction and intracerebral haemorrhage
approximately doubled with each decade in both males and females. The age-
standardised incidence of stroke at 40-79 years was 30% higher in males than
females for cerebral infarction and 88% higher in males than females for

intracerebral haemorrhage.

There was substantial variation by area in the incidence of both cerebral infarction
(~11-fold variation) and intracerebral haemorrhage (~14-fold variation): table 4.16.
The overall crude incidence of cerebral infarction was 16% higher in urban than
rural areas (222 events per 100 000 person-years in urban areas, 192 events per
100 000 person-years in rural areas), whereas the incidence of intracerebral
haemorrhage was around 20 times lower in urban than rural areas (16 events per
100 000 person-years in urban areas, 351 events per 100 000 person-years in

rural areas).
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The variation in incidence of cerebral infarction and intracerebral haemorrhage by
age, by sex and by area, was examined using cox proportional hazard models to
adjust for potential confounders (table D.1 in appendix D). The associations were
in keeping with the variation in incidence described above. For interest, the
associations between both main stroke pathological types and potential
confounders of the associations of usual blood pressure and stroke incidence are
reported in appendix D (tables D.2 to D.10). These associations are not described

here as they are extraneous to the main aims of the thesis.

4.6 Associations of usual blood pressure with strok e incidence

4.6.1 Cerebral infarction

At age 40-79 years, the proportional difference in risk of cerebral infarction
associated with a given absolute difference in usual blood pressure was constant
throughout the range of blood pressures examined (SBP 120-170 mm Hg; DBP
70-100 mm Hg): there were strong positive ‘log-linear’ associations (figure 4.11).
Adjusting for age, sex, education and area (and correcting for regression dilution
bias), 10 mm Hg higher usual SBP was associated with 47% (95% CI: 45-51)
higher risk of cerebral infarction and 5 mm Hg higher usual DBP was associated
with 42% (40-46) higher risk (table 4.17). Uncorrected for regression dilution bias,
the associations were considerably shallower: 10 mm Hg higher baseline SBP
was associated with 24% (95% CI: 23-26) higher risk of cerebral infarction and 5
mm Hg higher baseline DBP was associated with 22% (21-24) higher risk (table

E.1 in appendix E).
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Progressive adjustment for the set of major potential confounders did not
materially affect the strength of these associations (table 4.17). After adjustment
for potential confounders, with the exception of blood pressure-lowering
medication use, 10 mm Hg higher usual SBP was associated with 45% (95% CI:
41-47) higher risk of cerebral infarction and 5 mm Hg higher usual DBP was
associated with 40% (36-44) higher risk. Including blood pressure-lowering
medication use in the model, only slightly reduced the strength of association for
both SBP and DBP: 10 mm Hg higher usual SBP was associated with 43% (95%
Cl: 40-46) higher risk and 5 mm Hg higher usual DBP was associated with 38%

(35-42) higher risk.

Within each decade of age at risk, between 40-79 years, there were strong
positive log-linear associations between risk of cerebral infarction and both usual
SBP (figure 4.12) and usual DBP (figure 4.13). At age 60-69 years, the strengths
of associations were similar to the overall associations (the overall mean age at
event for cerebral infarction was 64 years): 10 mm Hg higher usual SBP was
associated with 48% (95% CI: 43-53) higher risk of cerebral infarction (figure 4.14)
and 5 mm Hg higher usual DBP was associated with 41% (36-47) higher risk
(figure 4.15). The strengths of the age-specific associations were progressively
shallower at older ages: 10 mm Hg higher usual SBP was associated with 90%
(95% CI: 78-103) higher risk of cerebral infarction at age 40-49 years and 27%
(22-32) higher risk at age 70-79 years; 5 mm Hg higher usual DBP was associated
with 75% (64-86) higher risk at age 40-49 years and 23% (18-28) higher risk at
age 70-79 years. Despite this, the absolute difference in risk of cerebral infarction

associated with a given increase in usual blood pressure was still much higher at
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older age groups, as stroke is so much more common at older ages. For example,
10 mm Hg difference in usual SBP between 130 mm Hg and 140 mm Hg was
associated with an absolute difference in risk of cerebral infarction that was about

four times as great at age 70-79 years than at 40-49 years.

There was strong evidence for steeper age-specific associations in males than
females at all ages for SBP (figure 4.14), but only weak evidence of such
differences for DBP (figure 4.15). Overall, at age 40-79 years, 10 mm Hg higher
usual SBP was associated with 56% (95% CI: 51-61) higher risk of cerebral
infarction in males compared to 41% (37-45) in females (figure 4.16); and 5 mm
Hg higher usual DBP was associated with 46% (42-50) higher risk of cerebral

infarction in males compared to 38% (34-42) in females (figure E.3 in appendix E).

Further effect modification of the association between cerebral infarction and usual
SBP was examined by area (urban/rural), alcohol intake, smoking, BMI, MET
hours/day, diabetes and blood pressure-lowering medication use (figures 4.16 and
4.17). There was strong evidence of effect modification by area, alcohol intake,
smoking, BMI and diabetes; and no evidence of effect modification by MET
hours/day (p wend = 0.1) or blood pressure-lowering medication use (P treng = 0.2).
The associations were stronger in rural than urban areas (HR for 10 mm Hg higher
usual SBP: rural 56% [95% CI: 52-60], urban 36% [32-41]); in weekly than
occasional or never alcohol drinkers (weekly 69% [60-78], occasional 44% [39-49],
never 40% [36-45]); in current than never smokers (current 62% [56-68] , never
41% [37-45]); at lower than higher BMI (BMI <22 kg/m? 54% [48-60] , =25 kg/m?

39% [34-44]; and in those without diabetes than with diabetes (no diabetes 48%
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[45-51], diabetes 32% [23-42]). Finally, there was no evidence of any difference in
the strength of association using cerebral infarction events classified as fatal
(defined as events followed by death within 30 days) and non-fatal (events not

fO||OW€d by death W|th|n 30 dayS) p heterogeneity: 06

Effect modification of the association by alcohol intake, smoking, BMI, MET
hours/day and area, was also analysed separately in males and females (figures
E.1 and E.2 in appendix E). There was strong evidence of effect modification by
alcohol intake and smoking, in males but not females; by BMI, in females but not
males; by area in both sexes; and by MET hours/day in neither sex. The reduced
power of these sex-specific analyses, however, means the results should be
interpreted with greater caution than the overall analyses. Where there was
evidence of strong effect modification in either sex, the qualitative nature of the
association was consistent with the overall association. In males, associations with
usual SBP were stronger in weekly than occasional or never alcohol drinkers (HR
for 10 mm Hg higher usual SBP: weekly drinkers 68% [95% CI: 59-78], occasional
drinkers 46% [37-55], never 52% [43-61]); in current than never smokers (current
64% [58-71], never 39% [27-52]); and in rural than urban areas (rural 64% [58-71],
urban 44% [37-51]). There was no evidence of effect modification in males by BMI
(P tenda = 0.1) or MET hours/day (p wena = 0.7). In females, associations were
stronger at lower than higher BMI (BMI <22 kg/m? 51% [95% CI: 43-60], BMI =25
kg/m? 33% [28-39]), and in rural than urban areas (rural 49% [44-55], urban 31%
[26-37]). There was only weak evidence of effect modification in females by MET
hours/day (p wend = 0.01) and alcohol intake (P neterogeneity = 0.05), and no evidence

of effect modification by smoking (P heterogeneity = 0.5); there were, however, wide
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confidence intervals about the hazard ratios for weekly drinkers and current

smokers, in particular, reflecting the few stroke events in these categories.

The evidence for effect modification of the overall and sex-specific associations
with usual DBP was, on the whole, consistent with that of usual SBP (figures E.3-
E.6 in appendix E). The strength of the associations within categories of effect
modifiers for 5 mm Hg higher usual DBP was similar to those given for 10 mm Hg
higher usual SBP. Unlike the analyses for usual SBP, however, there was
additional evidence for effect modification of the overall association by MET
hours/day (p wenda = 0.005) and blood pressure-lowering medication use (p
heterogeneity < 0.001). The overall associations were stronger at higher than lower
MET hours/day (HR for 5 mm Hg higher usual DBP: =230 MET hours/day 51%
[95% CI: 44-59], <20 MET hours/day 39% [35-43]), and in non-users than users of
blood pressure-lowering medication (non-users 42% [39-45], users 21% [12-31]).
Excluding those using blood pressure-lowering medication did not materially
change the strength of the main age- and sex-specific associations between usual
SBP or usual DBP with either cerebral infarction (figure E.15 in appendix E) or

intracerebral haemorrhage (figure E.16 in appendix E).

4.6.2 Intracerebral haemorrhage

As with cerebral infarction, there were strong positive log-linear associations
between risk of intracerebral haemorrhage and both usual SBP and usual DBP,
throughout the range of blood pressures (figure 4.18). Adjusting for age, sex,
education and area (and correcting for regression dilution bias), 10 mm Hg higher

usual SBP was associated with 82% (95% CI: 76-90) higher risk of intracerebral
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haemorrhage and 5 mm Hg higher usual DBP was associated with 81% (74-90)
higher risk (table 4.18). Uncorrected for regression dilution bias, the associations
were considerably shallower: 10 mm Hg higher baseline SBP was associated with
40% (95% CI. 37-43) higher risk of intracerebral haemorrhage and 5 mm Hg
higher baseline DBP was associated with 40% (37-44) higher risk (table E.2 in
appendix E). Progressive adjustment for major potential confounders did not
materially affect the strength of these associations (table 4.18). After adjustment
for potential confounders, including blood pressure-lowering medication use, 10
mm Hg higher usual SBP was associated with 83% (95% CI. 76-91) higher risk of
cerebral infarction and 5 mm Hg higher usual DBP was associated with 82% (75-

90) higher risk.

There were strong positive log-linear age-specific associations between risk of
intracerebral haemorrhage and both usual SBP (figure 4.19) and usual DBP
(figure 4.20) in all age groups. At age 60-69 years, the strength of associations
was similar to the overall associations (the overall mean age at event for
intracerebral haemorrhage was 63 years): 10 mm Hg higher usual SBP was
associated with 84% (95% CI: 71-97) higher risk of intracerebral haemorrhage
(figure 4.21) and 5 mm Hg higher usual DBP was associated with 85% (72-99)
higher risk (figure 4.22). The strengths of the age-specific associations were
progressively shallower at older ages: 10 mm Hg higher usual SBP was
associated with 131% (95% CI: 110-155) higher risk of intracerebral haemorrhage
at age 40-49 years and 33% (23-44) higher risk at age 70-79 years; 5 mm Hg
higher usual DBP was associated with 119% (99-141) higher risk at age 40-49

years and 34% (23-45) higher risk at age 70-79 years. As with cerebral infarction,
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however, the absolute difference in risk of intracerebral haemorrhage associated
with 10 mm Hg higher usual SBP was much higher at older age groups: 10 mm
Hg difference in usual SBP between 130 mm Hg and 140 mm Hg was associated
with an absolute difference in risk of intracerebral haemorrhage that was about

three times as great at age 70-79 years than at 40-49 years.

The age-specific associations for intracerebral haemorrhage were stronger than
for cerebral infarction for each decade of age at risk (the age-specific association
for both stroke pathological types are shown on the same figures in appendix E:
figure E.13 for usual SBP and figure E.14 for usual DBP). For usual SBP, the
variation in strength of the age-specific associations was slightly greater for
intracerebral haemorrhage than for cerebral infarction: at age 40-49 years the
strength of association was greater than at age 70-79 years by 2.9 times for
intracerebral haemorrhage and 2.7 times for cerebral infarction. For usual DBP,
the strength of association was 2.7 times greater at age 40-49 years than at age

70-79 years for both stroke pathological types.

There was no evidence of a difference in the strength of the age-specific
associations for intracerebral haemorrhage between males and females (SBP
figure 4.21, DBP figure 4.22). Overall, at age 40-79 years, 10 mm Hg higher usual
SBP was associated with 84% (95% CI. 75-94) higher risk of intracerebral
haemorrhage in males compared to 81% (72-91) in females (figure 4.23); and 5
mm Hg higher usual DBP was associated with 78% (69-87) higher risk of
intracerebral haemorrhage in males compared to 85% (75-96) in females (figure

E.9 in Appendix E).
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There was also no evidence of effect modification of the overall associations with
usual SBP by area, alcohol intake, smoking, BMI, blood pressure-lowering
medication use or fatal/non-fatal intracerebral haemorrhage events (figures 4.23
and 4.24); there was, however, strong evidence by MET hours/day and weak
evidence by diabetes. The overall associations were stronger at higher than lower
MET hours/day (HR for 10 mm Hg higher usual SBP: 230 MET hours/day 109%
[95% CI: 94-125], <30 MET hours/day 85% [73-98], <20 MET hours/day 66% [57-
75]); and in those without diabetes than with diabetes (without diabetes 85% [78-
92], with diabetes 46% [21-76]). The mean age at event varied somewhat by level
of MET hours/day: 58 years at 230 MET hours/day, 61 years at <30 MET
hours/day and 66 years at <20 MET hours/day. Comparing these results to the
age-specific hazard ratios for intracerebral haemorrhage (figure 4.21) indicates

that age may account some of the effect modification by MET hours/day.

As with cerebral infarction, effect modification of the associations was also
analysed separately in males and females, by alcohol intake, smoking, BMI, MET
hours/day and area (figures E.7 and E.8 in appendix E). There was no evidence of
effect modification by alcohol intake, smoking or area in either sex; there was
weak evidence of effect modification by BMI in females but not males, and strong
evidence of effect modification by MET hours/day in both sexes. In females, there
were stronger associations at higher than lower BMI: 10 mm Hg higher usual SBP
was associated with 103% (95% CI: 86-122) higher risk in those with BMI =25
kg/m? compared to 73% (58-90) higher risk in those with BMI <22 kg/m?; the

equivalent values for males were 88% (67-111) and 87% (73-102), for BMI 225
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kg/m? and <22 kg/m? respectively. There was no evidence of differences between

the sexes in the strength of association by level of MET hours/day.

The evidence for effect modification of the overall and sex-specific associations
with usual DBP was consistent with that of usual SBP (E.9-E.12 in appendix E).
The strength of the associations within categories of effect modifiers for 5 mm Hg
higher usual DBP was, on the whole, similar to those given for 10 mm Hg higher

usual SBP.

4.6.3 Subarachnoid haemorrhage

Adjusting for age, sex, education and area (and correcting for regression dilution
bias), 10 mm Hg higher usual SBP was associated with 49% (95% CI. 29-73)
higher risk of subarachnoid haemorrhage and 5 mm Hg higher usual DBP was
associated with 44% (24-67) higher risk. Uncorrected for regression dilution bias,
10 mm Hg higher baseline SBP was associated with 24% (95% CI. 13-35) higher
risk of subarachnoid haemorrhage and 5 mm Hg higher baseline DBP was
associated with 21% (11-32) higher risk. Further adjustment for major potential
confounders did not materially affect the strength of these associations. There was
insufficient number of events to reliably assess the shape of the association or

investigate for effect modification by age, sex or other potential effect modifiers.

4.6.4 All stroke events
The overall associations between usual blood pressure and risk of intracerebral
haemorrhage were stronger than for cerebral infarction, by a factor of 1.55 for

usual SBP (figure 4.25) and 1.69 for usual DBP (figure 4.25). There was no
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evidence of difference in the strength of the overall associations for cerebral
infarction, subarachnoid haemorrhage and unspecified stroke, for either usual

SBP or usual DBP.

Comparing the strengths of associations using events for which the diagnosis was
known and not known to have involved a CT or MRI scan, within each stroke
pathological type (SBP figure 4.25, DBP figure 4.26), found that there was no
evidence of a difference for cerebral infarction, subarachnoid haemorrhage and
unspecified stroke. There was, however, strong evidence of differences in the
strengths of the associations for intracerebral haemorrhage for both SBP and
DBP, with shallower associations for events not known to have involved imaging
(where misclassification with cerebral infarction is more likely): 10 mm Hg higher
usual SBP was associated with 82% (95% CI: 76-89) higher risk of intracerebral
haemorrhage using events known to have involved imaging compared to 62% (56-
68) higher risk using events not known to have involved imaging. The age-specific
and sex-specific associations for cerebral infarction and intracerebral
haemorrhage, using events not known to have involved imaging, can be found in
figures E.17 and E.18 in appendix E; the associations for intracerebral
haemorrhage were shallower in both sexes and for each decade age at risk,

except at age 70-79 years for which there was no evidence of difference.

The overall association between usual blood pressure and incidence of all stroke
events combined was much same for SBP (figure 4.25) and DBP (figure 4.26).
Adjusting for age, sex, education and area (and correcting for regression dilution

bias), 10 mm Hg higher usual SBP was associated with 54% (95% CI: 52-56)
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higher risk of stroke and 5 mm Hg higher usual DBP was associated with 49%

(95% CI: 47-52) higher risk.

4.6.5 Informativeness of blood pressure indices

The comparison of the predictive power of a single measurement of each blood
pressure index at baseline (as indicated by chi-squared [X?] value relating blood
pressure to incidence of stroke events known to have involved imaging) found mid
blood pressure to be the best predictor of cerebral infarction and mean arterial
pressure the best predictor of intracerebral haemorrhage (table 4.19; table E.3 in

appendix E).

For the prediction of cerebral infarction incidence, the overall X% values relative to
mid blood pressure were 98% for mean arterial pressure, 95% for SBP, 80% for
DBP and 54% for pulse pressure (table 4.19). These percentages did not vary
markedly by age or sex, except for DBP where the percentages were lower at

older ages (92% at age 40-49 years and 69% at age 70-79 years).

For the prediction of intracerebral haemorrhage incidence, the overall X% values
relative to mean arterial blood pressure were 99% for mid blood pressure, 91% for
SBP, 88% for DBP and 49% for pulse pressure. These percentages were much
the same in males and females, except for pulse pressure (males 45%, females
54%); there was also some evidence of variation by age for SBP, DBP and pulse

pressure, but no clear trends.
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In summary, mid blood pressure and mean arterial pressure were better predictors
than either SBP or DBP of both cerebral infarction and intracerebral haemorrhage;
SBP was a much better predictor than DBP of cerebral infarction (particularly at
older ages) and a slightly better predictor of intracerebral haemorrhage; pulse
pressure was substantial less informative than the other measures at predicting

cerebral infarction or intracerebral haemorrhage.
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Tables and figures: 4.1 Participant characteristics

99



Table 4.1: Baseline demographic characteristics, by

area (among 488 789 participants)

Mean (SD) age, years

Participants, Proportion Educated to middle  Location of province
Area n female, % Male Female school or higher, % within China
Urban
Qingdao 33 351 55 49 (10) 51 (10) 78 East, coastal
Harbin 49 813 60 52 (12) 52 (11) 87 Northeast, inland
Haikou 28 955 64 54 (10) 52 (12) 66 South central, coastal
Suzhou 52 177 58 52 (10) 52 (10) 38 East, coastal
Liuzhou 46 690 62 54 (11) 53 (10) 76 South central, coastal
All urban 210 986 60 52 (11) 52 (11) 68
Rural
Sichuan 55 017 62 53 (11) 51 (10) 35 Southwest, inland
Gansu 48 489 61 51 (11) 48 (10) 27 Northwest, inland
Henan 60 300 56 51 (11) 50 (10) 52 Central, inland
Zhejiang 56 791 59 53 (10) 52 (10) 20 East, coastal
Hunan 57 206 56 53 (11) 50 (10) 37 South central, inland
All rural 277 803 59 52 (11) 50 (10) 35 East, coastal
Overall 488 789 59 52 (11) 51 (10) 49
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Table 4.2: Other selected baseline characteristics,

participants)

by sex (among 488 789

Male Female All
Participants 199 825 288 964 488 789
Mean (SD)
BMI, kg/m? 234 (3.2 23.7 (3.9 236 (3.3)
Waist circumference, cm 81.8 (9.7) 78.8 (9.4) 80.0 (9.6)
Hip circumference, cm 90.5 (6.7) 91.0 (6.7) 90.8 (6.7)
Waist-hip ratio, % 90.2 (6.4) 86.5 (7.0) 88.1 (7.0)
Physical activity, MET hours/day 27.2 (15.0) 25.2 (12.5) 26.0 (13.6)
Percent
Educated to middle school or higher 58 43 49
Current smoking 62 2 27
Alcohol consumed at least weekly 34 2 15
Tea consumed at least weekly 51 21 34
Fresh fruit consumed daily 14 21 18
Fresh vegetable consumed daily 95 95 95
Month of baseline survey: April to Sept. 51 52 52
Diabetes 5 5 5
Taking blood pressure-lowering 4 4 4

medication
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Figure 4.1: Frequency distribution of baseline SBP values, by sex (among 488 789 participants)

Histogram bar width: 0.5 mm Hg; IQR = interquartile range.
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Frequency, %

Figure 4.2: Frequency distribution of baseline DBP

Histogram bar width: 0.5 mm Hg; IQR = interquartile range.
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Tables and figures: 4.2 Baseline associations of bl ~ ood pressure

with major potential confounders
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Figure 4.3: Baseline associations of blood p  ressure with age, by sex (among 488 789 participant  s)

Means adjusted for education and area.
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Table 4.3: Baseline associations of blood pressure with sex, education and
area (among 488 789 participants)

Means adjusted for other variables in the table and age.

Participants, Mean (95%CIl) baseline blood pressure
n (%) SBP DBP
Sex
Male 199825 (41)  132.0 (131.9-132.1) 79.1 (79.0-79.1)
Female 288964 (59) 129.6 (129.5-129.6) 76.6 (76.6-76.7)
Educational level
No formal
schooling 91143 (19) 133.0 (132.9-133.2) 78.3 (78.2-78.4)
Primary school 157251 (32)  130.8 (130.7-130.9) 77.6 (77.6-77.7)
Middle school 138924 (28)  130.1 (130.0-130.2) 77.6 (77.5-77.6)
High school 73698 (15)  129.1 (129.0-129.3) 77.3 (77.2-77.4)
Tech./coll./uni.* 27773  (6)  127.7 (127.5-128.0) 76.9 (76.8-77.1)
Area'
Qingdao (V) 33351 (7)) 132.8 (132.6-133.0) 79.3 (79.2-79.4)
Harbin (U) 49813 (10) 127.3 (127.1-127.5) 78.1 (78.0-78.2)
Haikou (U) 28955  (6) 123.8 (123.6-124.1) 74.4 (74.3-74.6)
Suzhou (V) 52177 (11) 131.8 (131.7-132.0) 78.7 (78.6-78.8)
Liuzhou (U) 46690 (10)  127.1 (126.9-127.3) 75.1 (75.0-75.2)
Sichuan (R) 55017 (11) 129.0 (128.9-129.2) 77.2 (77.1-77.3)
Gansu (R) 48489 (10) 131.5 (131.4-131.7) 77.7 (77.6-77.8)
Henan (R) 60300 (12) 134.3 (134.1-134.4) 78.4 (78.4-78.5)
Zhejiang (R) 56 791 (12)  134.0 (133.9-134.2) 80.0 (79.9-80.1)
Hunan (R) 57206 (12) 130.6 (130.4-130.8) 76.2 (76.1-76.3)

* Technical school, technical college or university.
T — —
(U)=urban area, (R)=rural area.
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Figure 4.4: Baseline associations of SBP with measu res of adiposity
(among 488 789 participants)

Dashed lines (----) adjusted only for age, sex, education and area; solid lines (— ) adjusted
not only for age, sex, education and area, but for the other adiposity measures.*
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* Blood pressure means by quintiles of BMI were further adjusted for hip circumference and
waist circumference; means by quintiles of hip circumference were further adjusted for BMI
and waist circumference; means by quintiles of waist circumference were further adjusted for
BMI and waist circumference; and means by quintiles of waist-hip ratio were further adjusted
for BMI, hip circumference and waist circumference.
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Table 4.4: Baseline associations of blood pressure with dietary variables
(among 488 789 participants)

Means adjusted for age, sex, education and area.

Participants, Mean (95%CI) baseline blood pressure
0
n (%) SBP DBP
Fresh fruit
consumption
Never/rarely 30 786 (6) 132.4  (132.2-132.6) 78.3 (78.2-78.4)
Monthly 167 593 (34) 131.0 (130.9-131.1) 77.7 (77.6-77.7)
1-3 days/wk 154896 (32) 130.7  (130.6-130.8) 77.7 (77.7-77.8)
4-6 days/wk 46 124 (9) 130.1  (129.9-130.3) 77.6 (77.5-77.7)
Daily 89390 (18) 129.2  (129.1-129.4) 77.2 (77.1-77.3)
Fresh vegetable
consumption
Not daily 25904 (5) 130.4  (130.2-130.7) 77.7 (77.6-77.8)
Daily 462 885 (95) 130.6  (130.5-130.6) 77.6 (77.6-77.7)
Tea intake
Never/rarely 171074 (35) 130.1  (130.0-130.2) 77.3 (77.2-77.3)
Occasional 134 405 (27) 130.0 (129.9-130.2) 77.4 (77.3-77.4)
Monthly 19 086 (4) 130.7  (130.4-131.0) 77.7 (77.5-77.9)

Weekly/daily 164224 (34) 1315  (131.4-131.6) 78.3 (78.2-78.3)
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with alcohol intake (among 488 789 participants)

Figure 4.5: Baseline associations of blood pressure

Means adjusted for age, sex, education, area and smoking.
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Figure 4.6: Baseline associations of blood pressure

Means adjusted for age, sex, education and area.
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Table 4.5: Baseline associations of blood pressure with other variables (among
488 789 participants)

Means were adjusted for age, sex, education and area.

Participants, Mean (95%CI) baseline blood pressure
n (%) SBP DBP
Physical activity
quintiles (MET
hours/day)*
0.0-<14.4 97774  (20) 131.1 (131.0-131.2) 78.2 (78.1-78.2)
14.4 - <19.7 97716  (20) 131.0 (130.9-131.2) 78.0 (77.9-78.0)
19.7 - <26.8 97803  (20) 130.4 (130.2-130.5) 77.7 (77.6-77.7)
26.8 - <38.0 97 784 (20) 130.3 (130.1-130.4) 77.3 (77.3-77.4)
38.0-139.5 97 712 (20) 130.1 (130.0-130.3) 77.1 (77.0-77.2)
Per 10 units 488789  (100) 0.25 (0.21-0.30) 0.29 (0.27-0.32)
lower
Smoking'
Never 303127  (62) 131.5 (131.4-131.6) 78.1 (78.1-78.2)
Occasional 27 978 (6) 130.7 (130.5-131.0) 77.8 (77.7-77.9)
Ex-regular 27 236 (6) 130.5 (130.2-130.7) 78.1 (77.9-78.2)
Current 130448  (27) 1285 (128.4-128.7) 76.4 (76.3-76.5)
History of
diabetes®
No 466 144  (95)  130.3 (130.3-130.4) 77.6 (77.6-77.6)
Yes 22 645 (5) 135.9 (135.6-136.1) 78.1 (78.0-78.2)
Taking BP-
lowering
medication®
No 471207  (96)  130.0 (130.0-130.1) 77.4 (77.4-77.4)
Yes 17 582 (4)  145.0 (144.7-145.3) 84.0 (83.9-84.2)

* Mean of quintiles: 10.6, 17.0, 22.9, 32.1, 47.6 MET hours/day.

" Further adjusted for alcohol intake.

¥ Further adjusted for adiposity (BMI, waist circumference, hip circumference).

$ Further adjusted for adiposity (BMI, waist circumference, hip circumference), physical activity
(MET hours/day), alcohol intake, diabetes, fresh fruit consumption and fresh vegetable
consumption.
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Tables and figures: 4.3 Regression dilution ratios for blood pressure
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Table 4.6: Baseline demographic characteristics of resurveyed participants, by area (among 18 791 part icipants
resurveyed)
Resurvey Baseline survey
Participants, Proportion of Proportion Mean age at Proportion Mean age at

Area* n baseline sample, % female, % baseline, years female, % baseline, years
Qingdao (V) 1270 3.8 64 53 55 50
Harbin (U) 1792 3.6 63 52 60 52
Haikou (U) 1068 3.7 64 52 64 53
Suzhou (U) 1873 3.6 62 53 58 52
Liuzhou (U) 1539 3.3 59 52 62 54
Sichuan (R) 1909 3.5 63 51 62 51
Gansu (R) 1979 4.1 62 49 61 49
Henan (R) 2784 4.6 57 49 56 51
Zhejiang (R) 2318 4.1 62 53 59 53
Hunan (R) 2 259 3.9 57 52 56 52
Overall 18 791 3.8 61 52 59 52

* (U)=urban area, (R)=rural area.
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Figure 4.7: Serial changes in mean blood pressure w ithin groups defined by baseline blood pressure qui ntiles
(among 18 791 participants resurveyed)

Blood pressure was measured at baseline (‘B’ on plots; among 18 791 participants), at the quality control survey (‘Q’ on plots;
among 14 911 participants) and at the resurvey (‘R’ on plots; among 18 791 participants).
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Figure 4.8: Scatter plot of resurvey blood pressure vs baseline blood pressure (among 18 791 participa  nts
resurveyed)

Pearson’s correlation coefficient (r) with p-value (p) is given.
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Figure 4.9: Resurvey blood pressure vs baseline blo  od pressure (among 18 791 resurveyed participants)

The slope (B with 95% CI) of the regression line for the association is given.
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Table 4.7. Regression dilution ratios for blood pre

ssure using Rosnher’s

regression method, % by age and sex specific baseline groups (among 18 791
participants resurveyed)
Age at Mean interval Regression dilution ratio (95%Cl)
baseline, Participants, between
years n surveys,* years SBP DBP
Male
30-39 1105 2.6 0.64 (0.59-0.68) 0.65 (0.61-0.69)
40-49 2124 2.5 0.61 (0.58-0.64) 0.62 (0.59-0.65)
50-59 2203 2.6 0.59 (0.56-0.62) 0.56 (0.53-0.59)
60-69 1456 2.6 0.54 (0.50-0.58) 0.57 (0.53-0.61)
70-79 469 2.6 0.52 (0.45-0.59) 0.56 (0.49-0.63)
Female
30-39 1869 2.7 0.70 (0.67-0.74) 0.66 (0.63-0.70)
40-49 3536 2.6 0.65 (0.63-0.67) 0.64 (0.61-0.66)
50-59 3692 2.6 0.63 (0.61-0.65) 0.60 (0.58-0.62)
60-69 1841 2.7 0.59 (0.56-0.62) 0.59 (0.56-0.63)
70-79 496 2.6 0.57 (0.51-0.64) 0.57 (0.51-0.64)

* Mean interval between baseline survey and resurvey
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Table 4.8: Regression dilution ratios calculated us  ing the group method °*
and intraclass correlation coefficient method, %2 by age- and sex-specific
baseline groups (among 18 791 participants resurvey  ed)

Regression dilution ratio

SBP DBP
Age at Group Intraclass Group Intraclass
baseline, Participants, method correlation method correlation
years n (quintiles) coefficient (quintiles) coefficient
Male
30-39 1105 0.64 0.60 0.62 0.67
40-49 2124 0.62 0.60 0.61 0.66
50-59 2203 0.59 0.60 0.57 0.61
60-69 1456 0.55 0.56 0.57 0.58
70-79 469 0.51 0.51 0.55 0.54
Female
30-39 1869 0.69 0.67 0.65 0.67
40-49 3536 0.67 0.67 0.65 0.67
50-59 3692 0.65 0.65 0.60 0.63
60-69 1841 0.60 0.62 0.58 0.58
70-79 496 0.55 0.58 0.58 0.57
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Tables and figures: 4.4 Completeness and accuracy of incident

stroke events
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Table 4.9: Number of incident stroke events, by are

participants)

a and pathological type of stroke (among 488 789

Incident stroke events, number (crude rate per 100

000 person-years)

Person-

years at Ischaemic Intracerebral Subarachnoid
Area* risk (x10 ) stroke haemorrhage haemorrhage Unspecified Total
Qingdao (V) 171 11 (6) 21 (12) 2 (1) 0 © 34 (20)
Harbin (U) 245 1568 (640) 126 (51) 13 (5) 28 (11) 1735 (708)
Haikou (U) 136 262  (193) 18 (13) Q) 6 (4) 287  (211)
Suzhou (U) 262 317 (121) 84 (32) 6 (2 65 (25) 472  (180)
Liuzhou (U) 225 695 (309) 90 (40) 16 (7) 16 @) 817 (363)
Sichuan (R) 282 180 (64) 371 (132) 16 (6) 39 (14) 606 (215)
Gansu (R) 250 176 (70) 425  (170) 1 (<1) 18 @) 620 (248)
Henan (R) 309 1527 (494) 349 (113) 33 (11) 48 (16) 1957 (633)
Zhejiang (R) 303 663 (219) 219 (72) 14 (5) 27 9 923 (305)
Hunan (R) 295 644  (218) 494  (167) 28 9) 75 (25) 1241 (421)
Overall 2478 6043 (244) 2197 (89) 130 (5) 322 (13) 8692 (351)

* (U)=urban area, (R)=rural area.
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Table 4.10: Number of incident stroke events report

pathological type of stroke (among 488 789 particip

ed by the disease surveillance system,* by area and

ants)

Incident stroke events,

number (% of all incident stroke events)

Person-

years at Ischaemic Intracerebral Subarachnoid
Area’ risk (x10 ) stroke haemorrhage haemorrhage Unspecified Total
Qingdao (V) 171 0 (0) 0 (0) 0 (0) 0 ) 0 (0)
Harbin (U) 245 1552 (99) 74  (59) 7 (54) 27 (96) 1660 (96)
Haikou (U) 136 258  (98) 11 (61) 1 (100) 6 (100) 276  (96)
Suzhou (U) 262 300 (95) 54 (64) 6 (100) 13 (20) 373  (79)
Liuzhou (U) 225 669 (96) 55 (61) 13 (81) 15 (94) 752 (92)
Sichuan (R) 282 175 (97) 276  (74) 10 (63) 27 (69) 488 (81)
Gansu (R) 250 129 (73) 81 (19) 1 (100) 11 (61) 222 (36)
Henan (R) 309 1500 (98) 319 (91) 33 (100) 48  (100) 1900 (97)
Zhejiang (R) 303 655 (99) 188 (86) 14  (100) 21 (78) 878 (95)
Hunan (R) 295 618 (96) 182 (37) 24 (86) 66 (88) 890 (72)
Overall 2478 5856 (97) 1240 (56) 109 (84) 234 (73) 7439 (86)

* Remainder were reported by the mortality surveillance system only.

" (U)=urban area, (R)=rural area.
‘-’ = not calculable.
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Table 4.11: Number of incident stroke events known

pathological type of stroke (among 488 789 particip

to have been imaged by CT/MRI scan, by area and

ants)

Incident stroke events, number (% of all incident s

troke events)

Person-

years at Ischaemic Intracerebral Subarachnoid
Area* risk (x10 ) stroke haemorrhage haemorrhage Unspecified Total
Qingdao (V) 171 0 © 0 © 0 (0) 0 ) 0 ©
Harbin (U) 245 1322 (83) 63 (50) 5 (38) 21 (75) 1411 (80)
Haikou (U) 136 136 (52) 8 (44) 1 (100) (67) 149 (52)
Suzhou (U) 262 134 (42) 34  (39) 3 (50) (5) 174 (36)
Liuzhou (U) 225 298 (43) 30 (33) 7 (38) (6) 336 (41)
Sichuan (R) 282 156 (87) 260 (69) 10 (56) 19 (49) 445  (73)
Gansu (R) 250 114 (64) 69 (16) 1 (100) 0 ©) 184 (29)
Henan (R) 309 1328 (86) 291 (83) 32 (88) 14 (27) 1665 (84)
Zhejiang (R) 303 531 (79) 156 (71) 11 (79) 9 (33) 707  (76)
Hunan (R) 295 537 (83) 170 (34) 22 (71) 44 (59) 773 (62)
Overall 2478 4556  (75) 1081 (49) 92 (65) 115 (35) 5844  (67)

* (U)=urban area, (R)=rural area.
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Figure 4.10: Number and proportion of incident stro

pathological type of stroke (among 488 789 particip  ants)
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Table 4.12: Adjudication sub-study: stroke events s elected, by surveillance
system, hospital tier, area and stroke pathological type

Stroke events, n

Notes for the

Selected for Medical notes  correct person

adjudication found and admission *
Surveillance system
Disease 1284 898 679
Health insurance 497 447 343
Hospital tier
Primary 484 386 258
Secondary 578 433 322
Tertiary 719 526 442
Area’
Qingdao (V) 141 142 109
Harbin (U) 135 111 97
Haikou (U) 299 162 142
Suzhou (U) 138 105 90
Liuzhou (V) 165 122 111
Sichuan (R) 148 100 60
Gansu (R) 301 239 189
Henan (R) 194 164 91
Zhejiang (R) 119 83 70
Hunan (R) 141 117 63
Stroke pathological type
Ischaemic stroke 1374 1058 807
Intracerebral haemorrhage 292 194 139
Subarachnoid haemorrhage 84 23 21
Unspecified 31 70 55
Overall 1781 1345 1022

* Participant information in the medical notes matched participant information in the CKB study
(name, sex, year of birth) and admission date from medical notes was within one month of stroke
event date in the CKB study.

f (U)=urban area, (R)=rural area.
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Table 4.13: Adjudication sub-study: comparison of C KB reported diagnoses and adjudicated diagnoses (am ong 1022
stroke events)

Adjudicated diagnosis, number of events (% total)

Stroke pathological type Equivocal f Not stroke
Unspecified
Cerebral stroke
CKB reported Ischaemic Intracerebral infarction pathological old Insufficient
diagnosis stroke haemorrhage  SAH CT/MRI type stroke  information TIA Other Total
Ischaemic 341 (42)* 14 (2) 1 (<1) 306 (38) 19 (2) 40 (5) 52 (6) 3 (<1 31 (4) 807
stroke
Intracerebral 2 (1 118 (85)* 2 (1 3 (2 3 (2 1 2 2 (1) 0 (0) 8 (6) 139
haemorrhage
Subarachnoid 0 (0) 2 (10) 13 (62)* 0 (0) 0 (0) 0 (0) 3 (14) 0 (0) 3 (14) 21
haemorrhage
Unspecified 8 (15) 2 4 0 (0) 16 (29) 0 (0) 1 (2 23 (42) 3 (5 2 4 55

stroke type

* The positive predictive value of CKB data diagnosis for each stroke pathological type.

" Insufficient evidence to verify or refute diagnosis of the stroke pathological type. Cerebral infarction CT/MRI: evidence of cerebral infarction from CT/MRI
report without sufficient clinical evidence of signs/symptoms of stroke documented during admission. Unspecified stroke type: evidence of signs/symptoms of
stroke without sufficient evidence from CT/MRI to diagnose pathological type. Old stroke: notes report old stroke without sufficient evidence of event to
diagnose stroke or sufficient evidence from CT/MRI scan. Insufficient information: insufficient clinical information to allow adjudication.

SAH = subarachnoid haemorrhage.

TIA = transient ischaemic attack.
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Table 4.14: Adjudication sub-study: positive predic tive value (PPV) of
ischaemic stroke,* by surveillance system, hospital tier, area, age and sex
(among 807 ischaemic stroke events)

Adjudicated diagnosis

Cerebral infarction

Ischaemic stroke CT/MRI' Cerebral infarction
(A) (B) (A+B)
PPV, % (95%CI) PPV, % (95%ClI) PPV, % (95%CI)
Surveillance
system
Disease 39 (35-43) 44 (40-48) 83 (80-86)
Health 50 (43-56) 24 (19-30) 74 (68-79)
insurance
Hospital tier
Primary 40 (34-47) 34 (28-40) 74 (68-79)
Secondary 47 (41-53) 32 (27-38) 79 (74-84)
Tertiary 40 (35-45) 45 (40-51) 85 (81-89)
Area*
Qingdao (V) 69 (57-79) 15 (8-25) 84 (73-91)
Harbin (U) 26 (18-35) 66 (55-75) 91 (83-95)
Haikou (U) 40 (32-49) 31 (23-39) 71 (62-78)
Suzhou (U) 45 (34-57) 40 (29-51) 85 (75-91)
Liuzhou (U) 38 (30-48) 51 (41-60) 89 (82-94)
Sichuan (R) 39 (25-55) 53 (37-68) 92 (78-97)
Gansu (R) 47 (39-55) 24 (18-32) 71 (63-78)
Henan (R) 41 (31-52) 36 (26-47) 77 (66-85)
Zhejiang (R) 45 (32-59) 33 (21-47) 78 (64-87)
Hunan (R) 34 (22-48) 42 (29-56) 76 (63-86)
Age at risk
(years)
40-49 49 (39-59) 27 (19-37) 76 (66-83)
50-59 39 (33-45) 41 (35-47) 80 (75-84)
60-69 43 (37-49) 38 (32-43) 80 (75-85)
70-79 41 (34-49) 42 (34-49) 83 (76-88)
Overall 42  (39-46) 38 (35-41) 80 (77-83)

* Percentage of CKB data diagnoses of ischaemic stroke in the adjudication sub-study, adjudicated as:
ischaemic stroke (A); cerebral infarction CT/MRI (B); or cerebral infarction (i.e. all events with CT/MRI evidence
of cerebral infarction [A+B]).

" Evidence of cerebral infarction from CT/MRI report without sufficient clinical evidence of signs/symptoms of
stroke documented during admission.

i (U)=urban area, (R)=rural area.
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Tables and figures: 4.5 Stroke incidence rates
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Table 4.15: Number and crude incidence rate of inci  dent stroke events,* by age, sex and pathological t  ype (among
455 438 patrticipants 1)

Incident stroke events, number (crude rate per 100 000 person-years)

Age group at Person-years Cerebral Intracerebral Subarachnoid

risk, years at risk (x10 ) infarction haemorrhage haemorrhage Unspecified Total

Male
40-49 265 163 (62) 58 (22) 6 (2) 6 2 233 (88)
50-59 290 556  (192) 145 (50) 11 4) 12 4) 724 (250)
60-69 198 742 (375) 191 (96) 19 (10) 24 (12) 976 (493)
70-79 100 785 (785) 214 (214) 7 (7) 28 (28) 1034 (1034
All (40-79) i 853 2246 (354) 58 (96) 43 (6) 70 (12) 2 967 (466)

Female
40-49 446 155 (35) 58 (13) 6 (1) 4 1) 223 (50)
50-59 450 657 (146) 160 (36) 14 3 12 (3) 843 (187)
60-69 257 801 (312) 128 (50) 14 (5) 15 (6) 958 (373)
70-79 110 654  (595) 117  (106) 8 (") 13 (12) 792 (720)
All (40-79) * 1262 2267 (272) 463 (51) 42 (4) 44 (6) 2816 (333)

Overall* 2 115 4513 (313) 1071 (73) 85 (5) 114 9) 5783 (399)

* Stroke events known to have been imaged by CT/MRI scan.

f Excluding participants from Qingdao, as there was substantial undercounting of stroke events imaged by CT/MRI scan (the disease surveillance system
was not yet operating in this area), and stroke events and person-years of follow-up outside of the age range 40-79 years as there were few events outside
of these ages (33 events at age 30-39 years and 28 events at 80-87 years).

: Age-standardised by taking the unweighted average of the component ten-year incidence rates (overall: average of age-standardised incidences of both
sexes)
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Table 4.16: Number and crude incidence rate of inci  dent stroke events,* by area and pathological type of stroke
(among 455 438 participants t)

Incident stroke events, number (crude rate per 100 000 person-years)

Person-

years at Cerebral Intracerebral Subarachnoid
Areat risk (x10 ) infarction haemorrhage haemorrhage Unspecified Total
Harbin (V) 223 1 305 (585) 63 (28) 5 (2 21 9) 1394 (625)
Haikou (U) 123 136 (1112) 8 (7) 1 (1) 4 (3) 149 (121)
Suzhou (U) 243 132 (54) 33 (14) 3 (1) 3 (1) 171 (70)
Liuzhou (U) 215 297 (138) 30 (14) 6 3 1 (<1 334 (155)
Sichuan (R) 255 156 (61) 257 (101) 9 4) 19 (7) 441 (173)
Gansu (R) 213 112 (53) 68 (32) 1 (<1) 0 (0) 181 (85)
Henan (R) 279 1320 (473) 288  (103) 29 (10) 13 (5) 1650 (591)
Zhejiang (R) 292 523 (179) 155 (53) 11 4 9 (3) 698 (239)
Hunan (R) 273 532 (195) 169 (62) 20 (7) 44  (16) 765  (280)
Overall 2115 4513 (213) 1071 (51) 85 4) 114 (5) 5783 (273)

* Stroke events known to have been imaged by CT/MRI scan.

f Excluding participants from Qingdao, as there was substantial undercounting of stroke events imaged by CT/MRI scan (the disease surveillance
system was not yet operating in this area), and stroke events and person-years of follow-up outside of the age range 40-79 years as there were few
events outside of these ages (33 events at age 30-39 years and 28 events at 80-87 years).

t (U)=urban area, (R)=rural area.
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Tables and figures: 4.6 Associations of usual blood pressure and

stroke incidence
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Figure 4.11: Cerebral infarction incidence (4513 ev  ents) versus usual SBP and usual DBP (among 455 438  participants)

Hazard ratios (HR) adjusted for age at risk, sex, education and area (overall regression dilution ratio of 0.56 for SBP and 0.57 for DBP). HR are relative to lowest
blood pressure group. Each closed square represents HR with area inversely proportional to the variance of the log HR. The number of stroke events in each
blood pressure group is given below the square and point estimate of the HR above it. Mean age at cerebral infarction event was 64 years.
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Table 4.17: Cerebral infarction incidence (4513 eve nts): hazard ratios for
10 mm Hg higher usual SBP and 5 mm Hg higher usual DBP,
progressively adjusted for major potential confound ers (among 455 438
participants)

Overall regression dilution ratio of 0.56 for SBP and 0.57 for DBP. Mean age at cerebral
infarction event was 64 years.

Potential confounders SBP DBP
included in model HR  (95%Cl) HR  (95%CI)
Age, sex and area 1.47 (1.45-1.51) 1.42 (1.40-1.46)
Plus education* 1.47 (1.45-1.51) 1.42 (1.40-1.46)
Plus month baseline survey 1.47 (1.45-1.51) 1.42 (1.40-1.46)
Plus smoking 1.49 (1.45-1.51) 1.42 (1.40-1.46)
Plus alcohol intake 1.47 (1.45-1.51) 1.42 (1.40-1.46)
Plus body-mass index 1.45 (1.43-1.49) 1.40 (1.38-1.44)
Plus waist and hip circum. 1.45 (1.43-1.49) 1.40 (1.36-1.42)
Plus physical activity 1.45 (1.43-1.49) 1.40 (1.36-1.42)
Plus history of diabetes 1.45 (1.41-1.47) 1.40 (1.36-1.42)
Plus intake of fruit, veg. and tea 1.45 (1.41-1.47) 1.40 (1.36-1.44)
Plus blood pressure-lowering 1.43 (1.40-1.46) 1.38 (1.35-1.42)

medication use

* Association illustrated in Figure 4.11.
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Figure 4.12: Cerebral infarction incidence (4513 ev
age at risk versus usual SBP (among 455 438 partici

ents) in each decade of
pants)

Hazard ratios (HR) adjusted sex, education and area (with floating absolute risk and 95% CI). All
HR are relative to lowest blood pressure group at age 40-49 years. Each closed square represents
HR with area inversely proportional to the variance of the log HR. The number of stroke events in
each blood pressure group is given below the square and point estimate of the HR above it.
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Figure 4.13: Cerebral infarction incidence (4513 ev

ents) in each decade of age

at risk versus usual DBP (among 455 438 participant  s)

Hazard ratios (HR) adjusted sex, education and area (with floating absolute risk and 95% CI). All HR
are relative to lowest blood pressure group at age 40-49 years. Each closed square represents HR with
area inversely proportional to the variance of the log HR. The number of stroke events in each blood
pressure group is given below the square and point estimate of the HR above it.
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Figure 4.14: Cerebral infarction incidence (4513 ev ents): age-specific hazard
ratios for 10 mm Hg higher usual SBP, by sex (among 455 438 participants)

Hazard ratios (HR) adjusted for education and area. Each closed square represents HR with area
inversely proportional to the variance of the log HR. The dotted vertical line indicates the overall HR
(further adjusted for sex) and the open diamond indicates the 95% CI of the overall result.

Age at risk, No. of

years Sex events Hazard Ratio (95%Cl)

40-49 Male 163 —— 2.10 (1.90 - 2.32)
Female 155 —— 1.77 (1.62 - 1.93)
Both 318 S 1.90 (1.78 - 2.03)

50-59 Male 556 - 1.62 (1.53-1.71)
Female 657 - 1.47 (1.40 - 1.54)
Both 1213 G 1.53 (1.48 - 1.59)

60-69 Male 742 -8~ 159 (1.51-1.67)
Female 801 - 1.40 (1.33-1.47)
Both 1543 0 1.48 (1.43 - 1.53)

70-79 Male 785 - 1.33(1.25-1.41)
Female 654 - 1.22 (1.16 - 1.29)
Both 1439 0 1.27 (1.22-1.32)
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<95%Cl Hazard Ratio (95% Cl)
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Figure 4.15: Cerebral infarction incidence (4513 ev ents): age-specific hazard
ratios for 5 mm Hg higher usual DBP, by sex (among 455 438 participants)

Hazard ratios (HR) adjusted for education and area. Each closed square represents HR with area
inversely proportional to the variance of the log HR. The dotted vertical line indicates the overall HR
(further adjusted for sex) and the open diamond indicates the 95% CI of the overall result.

Age at risk, No. of

years Sex events Hazard Ratio (95%ClI)

40-49 Male 163 —— 1.76 (1.61 - 1.92)
Female 155 —— 1.74 (1.59 - 1.89)
Both 318 <> 1.75 (1.64 - 1.86)

50-59 Male 556 - 1.56 (1.48 - 1.65)
Female 657 = 1.45 (1.38 - 1.53)
Both 1213 C 1.50 (1.45 - 1.56)

60-69 Male 742 H- 1.48 (1.41 - 1.56)
Female 801 = 1.35 (1.28 - 1.42)
Both 1543 G 1.41 (1.36 - 1.47)

70-79 Male 785 , 1.25(1.18 - 1.32)
Female 654 — 1.21 (1.14 - 1.28)
Both 1439 0 1.23 (1.18 - 1.28)

—l-95% Cl ' ' ' —
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Figure 4.16: Cerebral infarction incidence (4513 ev ents): hazard ratios for 10
mm Hg higher usual SBP, by set (I) of potential eff  ect modifiers (among 455 438
participants)

Hazard ratios (HR) adjusted for age at risk, sex, education and area (where appropriate). Each closed

square represents HR with area inversely proportional to the variance of the log HR. The dotted vertical
line indicates the overall HR and the open diamond indicates the 95% CI of the overall result.

Mean age No. of

Risk factor at event events Hazard Ratio (95%ClI)
Sex
Male 65 2246 i' 156 (1.51-1.61)
Female 64 2267 L 1.41 (1.37 - 1.45)
Heterogeneity test: )(21 =21.4 (p<0.001) i

|

!
Area |
Urban 63 1870 - i 1.36 (1.32-1.41)
Rural 65 2643 = 156 (1.52 - 1.60)
Heterogeneity test: le =41.4 (p<0.001) i

i
Alcohol intake* :
Never 65 1836 li 1.40 (1.36 - 1.45)
Occassional 63 1477 “I‘ 1.44(1.39-1.49)
Weekly 63 757 | - 1.69 (1.60 - 1.78)
Heterogeneity test: )(22 =36.1 (p<0.001) i

l
Smokingt i
Never 64 2413 . 1.41 (1.37 - 1.45)
Current 63 1405 | - 1.62 (1.56 - 1.68)
Heterogeneity test: le =34.0 (p<0.001) i

l
Overall 64 4513 ¢ 1.47 (1.44 - 1.50)
—l-95% CI ' ' S E—

08 1.0 15 20 25 30

<95%cCl Hazard Ratio (95% Cl)

* Additionally adjusted for smoking (excludes strokes in ex-weekly, reduced-intake and monthly groups).
T Additionally adjusted for alcohol intake (excludes strokes in occasional and ex-regular groups).
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Figure 4.17: Cerebral infarction incidence (4513 ev ents): hazard ratios for 10
mm Hg higher usual SBP, by set (ll) of potential ef  fect modifiers (among 455 438
participants)

Hazard ratios (HR) adjusted for age at risk, sex, education and area (where appropriate). Each closed
square represents HR with area inversely proportional to the variance of the log HR. The dotted vertical
line indicates the overall HR and the open diamond indicates the 95% CI of the overall result.
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Risk factor at event events Hazard Ratio (95%Cl)
BMI, kg/m?
<22 66 1166 - 1.54 (1.48 - 1.60)
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225 63 1860 = 1.39(1.34-1.44)
Trend test: le =14.6 (p<0.001)
MET, hrs/day
<20 66 2472 u 1.46 (1.42 - 1.50)
<30 62 1340 *I' 146 (1.41-1.51)
=230 59 701 - 154 (1.47 -1.62)

Trend test: le =2.5 (p=0.1)

Diabetes
No 64 3997 = 1.48 (1.45 - 1.51)
Yes 65 516 —— 1.32 (1.23-1.42)

Heterogeneity test: x21 =9.0 (p=0.003)

BP medication
No 64 4054 ﬁ 1.47 (1.44 - 1.50)

Yes 64 459 — 137 (1.24 -1.51)
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|
Heterogeneity test: le =1.9 (p=0.2) :
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Fatal event
No 64 4443 T. 1.47 (1.44 - 1.50)
Yes 69 70 - 1.53(1.30-1.81)
Heterogeneity test: x21 =0.2 (p=0.6) :

|
Overall 64 4513 é 1.47 (1.44 - 1.50)
—l-95% Cl ' | | !
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Figure 4.18: Intracerebral haemorrhage incidence (1 071 events) versus usual SBP and usual DBP (among 4 55 438
participants)
Hazard ratios (HR) adjusted for age at risk, sex, education and area (overall regression dilution ratio of 0.56 for SBP and 0.57 for DBP). HR are relative to

lowest blood pressure group. Each closed square represents HR with area inversely proportional to the variance of the log HR. The number of stroke events
in each blood pressure group is given below the square and point estimate of the HR above it. Mean age at intracerebral haemorrhage event was 63 years.
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Table 4.18: Intracerebral haemorrhage incidence (10

71 events): hazard

ratios per 10 mm Hg higher usual SBP and 5 mm Hg us
ers (among 455 438

progressively adjusted for major potential confound

participants)

Overall regression dilution ratio of 0.56 for SBP and 0.57 for DBP. Mean age at intracerebral

haemorrhage event was 63 years.

ual DBP,

SBP DBP
Potential confounders HR (95%Cl) HR (95%Cl)
Age, sex and area 1.82 (1.76-1.90) 1.81 (1.74-1.90)
Plus education* 1.82 (1.76-1.90) 1.81 (1.74-1.90)
Plus month baseline survey 1.85 (1.78-1.92) 1.83 (1.77-1.90)
Plus smoking 1.85 (1.78-1.92) 1.83 (1.77-1.90)
Plus alcohol intake 1.82 (1.76-1.92) 1.83 (1.77-1.90)
Plus body-mass index 1.87 (1.80-1.94) 1.86 (1.79-1.93)
Plus waist and hip circum. 1.87 (1.78-1.94) 1.86 (1.79-1.93)
Plus physical activity 1.85 (1.78-1.94) 1.86 (1.77-1.93)
Plus history of diabetes 1.85 (1.78-1.94) 1.86 (1.77-1.93)
Plus intake of fruit, veg. and tea 1.85 (1.78-1.92) 1.83 (1.77-1.93)
Plus blood pressure-lowering 1.83 (1.76-1.91) 1.82 (1.75-1.90)

medication use

* Association illustrated in Figure 4.18.
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Figure 4.19: Intracerebral haemorrhage incidence (1

071 events) in each

decade of age at risk versus usual SBP (among 455 4 38 participants)

Hazard ratios (HR) adjusted sex, education and area (with floating absolute risk and 95% CI). All
HR are relative to lowest blood pressure group at age 40-49 years. Each closed square represents
HR with area inversely proportional to the variance of the log HR. The number of stroke events in
each blood pressure group is given below the square and point estimate of the HR above it.
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Figure 4.20: Intracerebral haemorrhage incidence (1 071 events) in each
decade of age at risk versus usual DBP (among 455 4 38 participants)

Hazard ratios (HR) adjusted sex, education and area (with floating absolute risk and 95% CI). All
HR are relative to lowest blood pressure group at age 40-49 years. Each closed square represents
HR with area inversely proportional to the variance of the log HR. The number of stroke events in
each blood pressure group is given below the square and point estimate of the HR above it.
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Figure 4.21: Intracerebral haemorrhage incidence (1

hazard ratios for 10 mm Hg higher usual SBP, by sex

participants)

071 events): age-specific
(among 455 438

Hazard ratios (HR) adjusted for education and area. Each closed square represents HR with area
inversely proportional to the variance of the log HR. The dotted vertical line indicates the overall HR
(further adjusted for sex) and the open diamond indicates the 95% CI of the overall result.
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Figure 4.22: Intracerebral haemorrhage incidence (1

hazard ratios for 5 mm Hg higher usual DBP, by sex

participants)

071 events): age-specific
(among 455 438

Hazard ratios (HR) adjusted for education and area. Each closed square represents HR with area
inversely proportional to the variance of the log HR. The dotted vertical line indicates the overall HR
(further adjusted for sex) and the open diamond indicates the 95% CI of the overall result.
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Figure 4.23: Intracerebral haemorrhage incidence (1 071 events): hazard
ratios for 10 mm Hg higher usual SBP, by set (I) of potential effect modifiers
(among 455 438 participants)

Hazard ratios (HR) adjusted for age at risk, sex, education and area (where appropriate). Each
closed square represents HR with area inversely proportional to the variance of the log HR. The
dotted vertical line indicates the overall HR and the open diamond indicates the 95% CI of the
overall result.

Mean age No. of

Risk factor at event events Hazard Ratio (95%ClI)
Sex
Male 64 608 ‘i“ 1.84 (1.75 - 1.94)
Female 62 463 4 1.81(1.72-1.91)
Heterogeneity test: X2, =0.2 (p=0.7) i

|

!
Area !
Urban 63 134 —"i— 1.73(1.55-1.93)
Rural 64 937 - 1.88 (1.81 - 1.96)
Heterogeneity test: x°, =2.0 (p=0.2) i

|

l
Alcohol intake* :
Never 63 430 —'*:‘ 1.76 (1.66 - 1.87)
Occassional 62 287 i—'— 1.93 (1.80 - 2.07)
Weekly 63 234 —== 1.76 (1.60 - 1.93)
Heterogeneity test: X =4.4 (p=0.1) i

l
Smokingt i
Never 61 491 +_ 1.85(1.76 - 1.95)
Current 63 394 -+ 1.83 (1.71 - 1.95)
Heterogeneity test: X’y =0.1 (p=0.8) i

l
Overall 63 1071 G 1.82(1.76 - 1.89)
—l-95% CI ' ' S E—

08 1.0 15 20 25 30

<95%Cl Hazard Ratio (95% Cl)

* Additionally adjusted for smoking (excludes strokes in ex-weekly, reduced-intake and monthly groups).
T Additionally adjusted for alcohol intake (excludes strokes in occasional and ex-regular groups).
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Figure 4.24:. Intracerebral haemorrhage incidence (1 071 events): hazard
ratios for 10 mm Hg higher usual SBP, by set (Il) o  f potential effect modifiers
(among 455 438 participants)

Hazard ratios (HR) adjusted for age at risk, sex, education and area (where appropriate). Each
closed square represents HR with area inversely proportional to the variance of the log HR. The
dotted vertical line indicates the overall HR and the open diamond indicates the 95% CI of the
overall result.
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Figure 4.25: Stroke incidence: hazard ratios per 10 mm Hg highe r usual SBP
for each stroke pathological type, by diagnostic ce rtainty of stroke events
(among 455 438 participants)

Analyses for each stroke pathological type were stratified by diagnostic certainty: firstly, using events
which for which the diagnosis was known to have involved imaging with CT/MRI (labelled ‘known’),
as used in the main prospective analyses, and secondly, using events not known to have involved
imaging with CT/MRI (labelled ‘not known). Hazard ratios (HR) were adjusted for age at risk, sex,
education and area. Each closed square represents HR with area inversely proportional to the
variance of the log HR. The dotted vertical line indicates the overall HR and the open diamond
indicates the 95% CI of the overall result.

Mean age No. of
Imaging at event events Hazard Ratio (95%Cl)
Cerebral infarction
Known 64 4513 ]. 1.47 (1.44 - 1.50)
Not known 64 1477 *I 1.45(1.40-1.51)
Heterogeneity test: x21:0.4 (p=0.5) !
Overall 64 5990 ¢ 1.47 (1.45 - 1.50)
Intracerebral
haemorrhage
Known 63 1071 :* 1.82(1.76 - 1.89)
Not known 64 1102 - 1.62 (1.56 - 1.68)
Heterogeneity test: x21:19.7 (p<0.001) !
Overall 63 2173 é 1.72(1.68-1.77)
Subarachnoid
haemorrhage
Known 59 85 - 1.49(1.29-1.73)
Not known 59 38 - 1.58 (1.28 - 1.95)
2
Heterogeneity test: x 1 =0.2 (p=0.7) !
Overall 59 123 <> 1.52(1.35-1.71)
Unspecified
Known 65 114 - 1.55(1.36-1.76)
Not known 65 204 - 1.49 (1.36-1.63)
Heterogeneity test: x21:0.2 (p=0.6) !
Overall 65 318 <> 1.51(1.40-1.63)
Overall 64 8604 0 1.54 (1.52 - 1.56)
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Figure 4.26: Stroke incidence: hazard ratios per 5 mm Hg higher
for each stroke pathological type, by diagnostic ce
(among 455 438 participants)

usual DBP

rtainty of stroke events

Analyses for each stroke pathological type were stratified by diagnostic certainty: firstly, using events
which for which the diagnosis was known to have involved imaging with CT/MRI (labelled ‘known’),
as used in the main prospective analyses, and secondly, using events not known to have involved
imaging with CT/MRI (labelled ‘not known). Hazard ratios (HR) were adjusted for age at risk, sex,
education and area. Each closed square represents HR with area inversely proportional to the
variance of the log HR. The dotted vertical line indicates the overall HR and the open diamond
indicates the 95% CI of the overall result.
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Table 4.19: Comparison between blood pressure indic es as predictors of incidence of cerebral infarctio n and
intracerebral haemorrhage, by age and by sex (among 455 438 participants)

Informativeness of a single measurement of a blood pressure index at baseline (as indicated by the X?; values relating it to incidence of
stroke known to have involved imaging with CT/MRI scan), as a percentage of the informativeness of mid blood pressure* for cerebral
infarction and mean arterial pressure for intracerebral haemorrhage. The age-specific and sex-specific X% values are given in table E.3 in
appendix E.

Informative for prediction of cerebral infarction Informative for prediction of intracerebral haemorr hage
(4513 events) , % (1071 events), %
Mean Mean

Mid blood arterial Pulse Mid blood arterial Pulse
SBP DBP  pressure pressure pressure SBP DBP  pressure pressure pressure

Age, years
40-49 94 92 100 100 42 90 94 99 100 44
50-59 95 84 100 99 56 95 86 100 100 58
60-69 96 73 100 97 60 87 88 98 100 45
70-79 95 69 100 97 55 82 89 98 100 37

Sex

Male 95 81 100 98 51 90 89 99 100 45
Female 95 79 100 98 59 92 87 99 100 54
Overall 95 80 100 98 54 91 88 99 100 49

* Mid blood pressure = 1/2SBP +1/2DBP, mean arterial pressure = 2/3SBP + 1/3DBP, and pulse pressure = SBP-DBP.
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Chapter 5: Discussion

5.1 Summary of main findings

At age 40-79 years, the proportional difference in risk of both cerebral infarction
and intracerebral haemorrhage associated with a given absolute difference in
usual blood pressure was constant throughout the range of blood pressures
examined (SBP 120-170 mm Hg; DBP 70-100 mm Hg). Overall, these proportional
differences in risk were approximately 1.5-times greater for intracerebral
haemorrhage than for the other stroke pathological types: 10 mm Hg higher usual
SBP was associated with 82% (95% CI. 76-89) increased risk of intracerebral
haemorrhage (mean age at event was 63 years); 47% (44%-50%) increased risk
of cerebral infarction (mean age at event was 64 years); and 52% (95% CI: 35-71)

increased risk of subarachnoid haemorrhage (mean age at event was 59 years).

There was major attenuation with age in the proportional differences in risk for
both cerebral infarction and intracerebral haemorrhage. Compared with 70-79
years, the associations with usual SBP at 40-49 years were 2.7-times greater for
cerebral infarction and 2.9-times greater for intracerebral haemorrhage. The
absolute difference in risk for both pathological types, however, was greater in
older age. The age-specific associations were slightly stronger in males than
females for cerebral infarction, but similar in both sexes for intracerebral
haemorrhage. For cerebral infarction, there was also strong evidence of effect
modification of the overall associations with usual SBP by alcohol intake, smoking,
BMI, diabetes and area. For intracerebral haemorrhage, there was strong
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evidence of effect modification with usual SBP by physical activity only. A single
measure of SBP at baseline was found to be a better predictor of incidence of
cerebral infarction and intracerebral haemorrhage than DBP, mean arterial
pressure and mid blood pressure were better predictors than both SBP and DBP,

and pulse pressure was substantially worse than all other measures.

5.2 Strengths and limitations of the study

Before comparing these findings to the results from other studies, the main

strengths and limitations of the study are discussed.

5.2.1 Selection of participants

Participants were invited from the general population and the only exclusion
criteria were age and the ability to consent — that is, participants were not selected
into the CKB study on the basis of their blood pressure or disease status, and as
such, selection bias is unlikely to have affected the findings. There were aspects
of the selection process, however, that may affect the generalisability of the
findings to China as a whole. Firstly, the areas in which the study was conducted
were not selected to be representative of China as a whole, rather they were
selected to maximise the potential to investigate the relationships between a
broad range of exposures and common diseases. Secondly, participants who
volunteer for prospective studies are often healthier than the population at large.*
These apparent weaknesses do not, however, invalidate comparisons with China

as a whole, as participants of the study are unlikely to be fundamentally different
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to the population at large in China with regard to the relationships examined in this

thesis, never-the-less some caution is required.

5.2.2 Assessment of confounding

The broad baseline questionnaire enabled an extensive assessment of
confounding of the main prospective associations in this thesis. Important potential
confounders were identified in the analysis of baseline associations, including:
age, sex, education, area, BMI, alcohol intake and seasonality. The qualitative
nature of these associations was in keeping with the published literature for the
associations with age,” sex,”®%" education,’® BMI,*® alcohol intake*®*® and
seasonality (month of baseline survey).’®'% As the purpose of this set of
analyses was solely to describe the baseline associations, the strength of
associations were not corrected for regression dilution bias and neither were
participants using blood pressure-lowering medication excluded; comparisons of
the strengths of the associations with the published literature should ideally be

made following these amendments.

It was clear, however, that the strength of associations with BMI and seasonality,
in particular, were considerably stronger than that described in studies conducted
in the West: the associations with BMI were around twice as strong,*® and the
variation in blood pressure between summer and winter was around 5-times as
great as that described in Europe.’®® Seasonal variation in blood pressure is
considered to be due to variation in outdoor temperature. In a survey of
Norwegian adults,'®? 10 lower outdoor temperature was associated with 1.5 mm

Hg (95% CI: 0.6-2.3) higher SBP in men and 2.4 mm Hg (1.6-3.2) higher SBP in
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women. A report for the CKB study®® found that above 5T, there was a linear
association with outdoor temperature, and 10T lowe r was associated with 5.7
mm Hg (95% CI: 5.6-5.8) higher SBP. There was no evidence, however, in the
CKB study of an association at outdoor temperatures <5C among participants
who reported having central heating in their homes. As such, it is possible that the
shallower associations in European studies might be the result of a greater
prevalence of central heating in Europe than China. The reason for the stronger

associations with BMI in China than the West has not been established.

In spite of the strong baseline associations of a number of risk factors with blood
pressure, none were found to confound the main prospective associations in this
thesis. There were several vascular risk factors, however, for which baseline
measurements were not available, and as such their potential confounding effect
on the association between usual blood pressure and stroke incidence is
unknown. In particular, there were no measures blood lipid concentrations.
Unknown variables might also be confounding the association, but unlike clinical

trials, these cannot be accounted for in prospective cohort studies.

5.2.3 Measurement of usual blood pressure

The procedures to ensure blood pressure was measured as accurately as
possible are a major strength of the study’s design. Systematic error in the
measurement of blood pressure at baseline and resurvey was reduced by:
standardising procedures across the ten study sites; ensuring all measurements
were made by specifically trained study personnel; using a digital rather than

manual sphygmomanometer, and ensuring these devices were maintained and
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calibrated regularly. Random error in blood pressure measurement was reduced
by sampling large numbers of people at baseline and resurvey, and by measuring
blood pressure more than once at each survey and using the mean blood
pressure values in analyses. The reason for the digit preference for even
numbers, seen in the descriptive analyses of blood pressure in the baseline data,
Is not clear. It could be the result of rounding by the study personnel during the
surveys: blood pressure measurements were written on the back of the consent
forms and entered manually into laptop computers. It might also be caused by the
blood pressure device itself. There is no reason, however, to believe this affected

the main findings.

The prospective nature of the study design meant that blood pressure, in those
without a history of stroke at baseline, could be measured before stroke occurred.
This minimised the potential for reverse causality. Stroke is known to affect blood

pressure,’®®

and as such, the relationship between blood pressure and stroke
incidence can only be reliably investigated in studies which measure blood
pressure before stroke occurrence. There may have been participants in the CKB
study, however, with a history of stroke at baseline of which they were not aware
or was not declared. As many of these participants are likely to experience a
recurrence in the first few years after the baseline survey (which would be
recorded by the study), repeating analyses with the first few years of follow-up

excluded will reduce the effect, if any, of reverse causality. The follow-up to date in

the CKB study was too short to reliably assess whether there has been any effect.
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The large resurvey of blood pressure in this study allowed the effect of regression
dilution bias on associations between blood pressure and stroke incidence to be
reliably estimated. Importantly, the size of the resurvey allowed age- and sex-
specific effects of regression dilution bias for blood pressure to be calculated.
Using the overall regression dilution ratio, and not taking variation by age and sex
into account, would have underestimated the strengths of the overall associations

between blood pressure and stroke pathological types by around 15%.

Variation by age in the regression dilution ratios for blood pressure has been
described in meta-analyses conducted by the Prospective Studies Collaboration
and the Asia Pacific Cohort Studies Collaboration; results on variation by sex were
not given in either study. Comparison between studies is complicated by the fact
regression dilution ratios for each age group will tend to become more extreme in
studies with longer periods between baseline and resurvey blood pressure
measures. The Prospective Studies Collaboration reported similar regression
dilution ratios to this thesis for SBP, despite differences between the studies in the
period between baseline and resurvey blood pressure measures, particularly at
older ages: 0.67 at age 40-49 years (2 year period), 0.62 at 50-59 years (4 year
period), 0.58 at 60-69 years (6 year period) and 0.54 at 70-79 years (8 year
period). Ratios for SBP in the Asia Pacific Studies Collaboration were slightly more
extreme: 0.55 at <60 years, 0.55 at 60-69 years and 0.48 at =70 years (the mean
follow-up period between baseline and resurvey blood pressure measures was 4

years; age-specific periods were not given).
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5.2.4 Measurement of stroke incidence

The CKB study used established mortality and disease surveillance systems to
identify stroke events. The surveillance systems were available in all areas, with
the exception of the disease surveillance system in Qingdao which was not yet
operational. There was substantial variation in the incidence of stroke by area in
this study; it is unlikely that all this variation is real and some undercounting in
some areas is probable. Studies of stroke incidence suggest using multiple over-
lapping surveillance systems to reduce undercounting of stroke events.!** Health
insurance information, soon to be available from all ten areas, will be a further
useful source of case-ascertainment, and consistency in the strengths of
associations reported by different surveillance systems would be important
sensitivity analyses for future prospective associations. There is no reason to
suspect, however, that undercounting is related to blood pressure and, as such,

should not affect the associations between blood pressure and stroke incidence.

Restricting the main analyses to stroke events for which there was evidence that a
CT or MRI scan had been performed, is likely to have reduced misclassification
between stroke pathological types. Random misclassification between the
pathological types of stroke would have attenuated any differences in the strength
of associations with blood pressure, and the low apparent misclassification rate for
events reported by the disease surveillance system (assessed in the adjudication
sub-study) is a significant strength of this study. It is possible, however, that in
restricting the main analyses to stroke events known to have involved a CT or MRI
scan, the more rapidly fatal events may have been excluded. This could bias the

main analyses if rapidly fatal but accurately diagnosed events had a different
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association with blood pressure than other events. This hypothesis was tested by
comparing the strength of associations using events which were fatal within 30
days and those which were not fatal with this period. There was no evidence of
heterogeneity between these associations for either cerebral infarction or
intracerebral haemorrhage, although there was substantial uncertainty about the

estimates for fatal cerebral infarction, with only 70 events.

The sensitivity analyses which compared the strength of the overall associations
using stroke events known and not known to have involved imaging (figures 4.25
and 4.26), indicate that restricting the main analyses to stroke events for which
there was evidence that a CT or MRI scan had been performed, affected the
overall associations for intracerebral haemorrhage but not the other stroke
pathological types. The reason for shallower associations for intracerebral
haemorrhage with stroke events not known to have involved imaging is not clear.
Analyses comparing fatal and non-fatal stroke events suggest it is unlikely to be
the result of differences in the severity of these events. It is possible that the
misclassification rate may have been high for intracerebral haemorrhage events
not known to have involved imaging; intracerebral haemorrhage is known to have
a high case-fatality rate and sudden stroke deaths without prior imaging by CT or
MRI scan may be more readily (but often wrongly) diagnosed by clinicians as
intracerebral haemorrhage than cerebral infarction. Most intracerebral
haemorrhage events that were not known to have involved imaging with CT or
MRI scan were reported solely by the mortality surveillance system, and as such,
it was not possible to use the adjudication sub-study to assess the extent of

misclassification.
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The adjudication sub-study identified that there was substantial proportion of
ischaemic stroke events which could not be verified, even when restricting
analyses to events known to have involved imaging with CT or MRI scan. The
reason for this is not clear and it is the focus of on-going investigations. It is
unknown what proportion of the events with evidence of cerebral infarction on CT
or MRI scan but which could not be verified as stroke are: true stroke events for
which the signs or symptoms were incompletely reported; what proportion were
true stroke events that occurred in the past and are only now being reported; and
what proportion are ‘silent’ events which were not accompanied by the signs and
symptoms of stroke. A high proportion of ‘silent’ ischaemic events has not been

described previously in stroke adjudication studies,**>*%

including those
conducted in East Asia.!®” In light of these results, it was considered more
appropriate at present to describe the outcome for ischaemic events using the
broader term ‘cerebral infarction’ rather than ‘ischaemic stroke’. This term is more
consistent with the findings of the adjudication sub-study, but is clearly a less

relevant outcome to patients and clinicians than ischaemic stroke, that is always

associated with disability, of varying severity and duration.

The size of the CKB study is another of its major strengths. The study recruited a
large number of participants, of which several thousand had incident stroke events
during follow-up. This substantial number of stroke events increased the precision
of the estimated strength of association between usual blood pressure and risk of
stroke pathological types. It also allowed the strength of association to be

estimated with reasonable precision by some potential effect modifiers, in
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particular by age and sex, known a priori to be potentially important effect

modifiers.

Despite the large total number of stroke events, effect modification by some
vascular risk factors should be interpreted with caution, especially those with fewer
stroke events in some strata. The statistical uncertainty from few stroke events
would have been compounded by uncertainty in the estimates of the regression
dilution ratios, as these strata often had fewer participants resurveyed (e.g. current
smokers and regular drinkers, in females). There were also insufficient strokes in
particular strata of potential effect modifiers to permit further stratification of the
results. For example, the number of events in diabetics was too low to permit
further stratification by sex. There were several closely related variables for which
a greater number of stroke events would have allowed stratification by each other,
to assess the independent and combined effects of these variables. For example,
the sex-specific associations for smoking would ideally have been further stratified
by alcohol intake, and vice versa; as would the associations between BMI and
MET hours/day. In addition, a greater number of subarachnoid haemorrhage
events would have allowed the shape of associations with blood pressure to be
described, as well as a more thorough assessment of confounding and effect

modification.

5.2.5 Loss to follow-up
One of the potential problems with such a large study is the difficultly in accurately
monitoring loss to follow-up over the long term. The CKB study undertakes

periodic checks of the official records of the Public Security Bureau and surveys
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residential committees to identify those participants who had moved out the area.
Not all participants who have moved out of the area would have been identified by
these checks, but a full periodic resurvey of all participants is not practicable. At
the time the analyses in this thesis were undertaken, the estimated proportion of
participants loss to follow-up was very low (e.g. <1%). The relatively short follow-
up period at the time of conducting the analyses for this thesis was likely to have

been a benefit with regard to minimising loss to follow-up.

In summary, the main strengths of study include: the large number of stroke
events that have occurred over a short period, which increased the precision of
the estimated strength of the associations; the resurvey, which allowed
associations with baseline blood pressure to be corrected for regression dilution
bias; the low misclassification rate between stroke pathological types, as assessed
in the adjudication sub-study; and the breadth of the baseline survey, which
allowed the main associations to be assessed for confounding and effect
modification by a range of vascular risk factors. The main limitations include: the
period of follow-up, which was too short to reliably assess reverse causality; the
low positive predictive value of ischaemic stroke identified in the adjudication sub-
study; and the lack of blood lipid variables (the blood taken at baseline had yet to
be analysed at the time of writing), which meant confounding or effect modification

of the main association by blood lipid fractions could not be assessed.

5.3 Consistency with published literature

The main findings of the thesis are first compared with the prospective studies

identified in the Literature Review, and then with the large meta-analyses of
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prospective studies conducted by the Prospective Studies Collaboration and the

Asia Pacific Cohort Studies Collaboration.

5.3.1 Prospective studies of blood pressure and str  oke risk in China

The positive nature of the associations between blood pressure and stroke risk
described in this thesis were consistent with the results from studies identified in
the Literature Review. With the exception of the Shanghai Women’s Health
Study,” however, the strength of the association between blood pressure and
stroke in these studies was substantially weaker than the main findings in this
thesis. The point estimate of the hazard ratio from the Shanghai Women’s Health
Study”” was similar to this thesis but the confidence interval was so wide as to
admit a very wide range of possibilities: 10 mm Hg higher baseline SBP was

associated with 56% (95% CI: 6-128) increased risk of stroke.

Blood pressure was not corrected for regression dilution bias in any of the studies
identified in the Literature Review and this is likely to be the main reason for their
weaker associations. The strengths of the associations in the two larger studies
identified in the Literature Review were around 50% weaker than in the analyses
conducted as part of this thesis: 10 mm Hg higher baseline SBP was associated
with 20% (95% CI: 19-21) higher risk of stroke in the China Prospective Study of
212 000 Men,™ and 25% (24-26) higher risk in the China National Hypertension
Survey Epidemiology Follow-up Study.” Without correction for regression dilution
bias, 10 mm Hg higher SBP was associated with 27% (95% CI: 26-28) higher risk

of overall stroke in analyses conducted for this thesis.
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There were two studies identified in the Literature Review that reported results by
stroke pathological type: the China Steelworkers Cohort Study™ and the China
Prospective Study of 212 000 Men.” Consistent with the main findings in this
thesis, the China Steelworkers Cohort study found stronger associations for
intracerebral haemorrhage than ischaemic stroke (although it was not possible to
estimate the strength of these associations for a given increase in blood pressure
from the information provided in the paper). In contrast, the China Prospective
Study of 212 000 Men found no evidence of a difference in the strengths of the
associations for ischaemic stroke and intracerebral haemorrhage. The reason for
the discrepancy between these studies is not clear. It is possible that
misclassification between stroke pathological types was greater in the China
Prospective Study of 212 000 Men than either the China Steelworkers Cohort
study or the analyses conducted for this thesis. The China Prospective Study of
212 000 Men used routinely collected mortality registry data to identify the
pathological type of stroke death at a time when CT and MRI scans were not
widespread in China, and there was no information on the death certificates as to
whether a CT or MRI scan was involved in the diagnosis. The China Steelworkers
Cohort study was conducted around 15 years before the China Prospective Study
of 212 000 Men but the diagnostic accuracy of stroke pathological types may well

have been better as hospital records for each stroke event were reviewed.

Two studies identified in the Literature Review, the China National Hypertension
Survey Epidemiological Follow-up Study”™ and the China Prospective Study of
212 000 Men,™ described effect modification of the main associations by vascular

risk factors. The China National Hypertension Survey Epidemiological Follow-up
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Study reported effect modification by age, BMI and smoking, and the China
Prospective Study of 212 000 Men did so by smoking; no studies reported the

presence or absence of effect modification by sex.

In the China National Hypertension Survey Epidemiological Follow-up Study the
strengths of the associations in each strata of the potential effect modifier were
shown graphically but not reported numerically. They indicated stronger
associations at younger than older age, at lower than higher BMI and in smokers
than non-smokers. The effect modification by age is consistent with the main
finding of this thesis, as the associations for both main pathological types in this
thesis were stronger at younger than older ages. Comparisons with the main
findings in this thesis for the effect modification by BMI and smoking is difficult
without further stratification of these analyses by stroke pathological type.
Assuming most of the stroke events in the China National Hypertension Survey
Epidemiological Follow-up Study were ischaemic stroke (this is likely to be case as
stroke incidence including non-fatal events was measured, rather than solely
stroke mortality), the results were broadly consistent with those in this thesis for
ischaemic stroke, which found stronger associations at lower than higher BMI, and

in current than never smokers.

The China Prospective Study of 212 000 Men described effect modification by
smoking with stronger associations reported in non-smokers than smokers. These
findings are not consistent with the analyses conducted for this thesis for either of
the main stroke pathological types, and as the study measured stroke mortality

only, it would not be reasonable to assume most events were ischaemic stroke. It
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could, however, be hypothesised that the shallower association in smokers is due
to a higher proportion of ischaemic stroke events than intracerebral haemorrhage
events in this group than in the non-smoking group: in the additional prospective
analyses, conducted as part of this thesis, smoking was found to increase the risk
of ischaemic stroke but not intracerebral haemorrhage (tables D.6 and D.10 in
appendix D). As with the China National Hypertension Survey Epidemiological
Follow-up Study, however, the number of stroke events of each pathological type
in each strata of the effect modifier was not reported and the results were not

stratified by stroke pathological type.

5.3.2 Large meta-analyses of prospective studies in East Asian and Western
populations

The most reliable estimates to date for the age-specific associations between
usual blood pressure and stroke have been produced by two large meta-analyses
of prospective studies: the Prospective Studies Collaboration study?® and the Asia
Pacific Cohort Studies Collaboration study.?” Figures 5.1 and 5.2 illustrate the
results of these studies, together with main findings of this thesis. The results from
the China Prospective Cohort study of 212 000 Men, discussed in the Literature

Review, were added to the figures for comparison.

Consistent with the main finding of this thesis, both meta-analyses described
positive log-linear associations between usual SBP and risk of cerebral infarction
and intracerebral haemorrhage, with stronger age-specific associations at younger
ages. In addition, there was no evidence of difference between the overall

strength of association for subarachnoid haemorrhage in the analyses conducted
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for this thesis (mean age at event 59) and the equivalent age-specific results in

either of the meta-analyses.

The strengths of the age-specific associations for cerebral infarction in the CKB
study were similar to those of the Asia Pacific Cohort Studies Collaboration study.
For example, at age 60-69 years, 10 mm Hg higher usual SBP was associated
with 48% (95% CI: 43-53) higher risk of cerebral infarction in the main analyses of
this thesis compared to 54% (45-64) higher risk in the Asia Pacific Cohort Studies
Collaboration study. In both studies, the age-specific associations were stronger
for intracerebral haemorrhage than cerebral infarction, but the difference in
strength between the pathological types was greater in the main analyses of this
thesis than in the Asia Pacific Cohort Studies Collaboration study. At age 60-69
years, 10 mm Hg higher usual SBP was associated with 84% (95% CI. 71-97)
higher risk of intracerebral haemorrhage in the analyses of this thesis compared to

67% (57-77) higher risk in the Asia Pacific Cohort Studies Collaboration study.

In the Prospective Studies Collaboration study, the strengths of the age-specific
associations between usual SBP and risk of cerebral infarction were again similar
to the main findings in this thesis: at age 60-69 years, 10 mm Hg higher usual SBP
was associated with 49% (95% CI: 34-48) higher risk of cerebral infarction. Unlike
the finding in this thesis, however, the Prospective Studies Collaboration study
found no evidence of any difference in the strength of the associations between
the main stroke pathological types: at age 60-69 years, 10 mm Hg higher usual
SBP was associated with 52% (95% CI. 45-59) higher risk of intracerebral

haemorrhage.
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The reason for these differences in the strengths of the associations between
studies is unclear. They are unlikely to be chance finding given the large number
of strokes in these studies. Unaccounted confounding or extensive
misclassification between the main stroke pathological types might account for
some of the differences; it could also be that some are real. These possibilities are

discussed further, below.

Adjustment for potential confounders did not have a major effect on the strength of
associations in any of these studies. There were a number of potential
confounders assessed in the main analyses of this thesis and none had a major
effect. There were some risk factors, however, which were not measured and as
such their effect could not be assessed. The meta-analyses were more limited
than the CKB study in the extent to which they could assess for confounding. The
Asia Pacific Cohort Studies Collaboration assessed for confounding by total
cholesterol, smoking and alcohol intake in the cohorts that provided data on these
potential confounders, and the Prospective Studies Collaboration study assessed

for confounding by total cholesterol, diabetes, smoking, alcohol intake and weight.

Meta-analyses of randomised controlled trials offer unconfounded estimates of the
strength of association between usual blood pressure and risk of stroke, over the
short period of a few years. One of the largest meta-analysis of trials*®> combined
the results from 108 blood pressure-lowering trials (including trials targeting
different blood pressure goals and those examining blood pressure medications

versus placebo); almost all studies were conducted in the West. Standardised to a
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blood pressure reduction of 10 mm Hg SBP, the meta-analysis found 10 mm Hg
lower SBP was associated with 41% (95% CIl. 33-48) lower risk of stroke,
equivalent to 69% (95% CI: 49-92) higher risk of stroke for 10 mm Hg higher usual
SBP; the mean age of those included in these trials was 62 years and the mean
duration of follow-up was 3.5 years. There was no evidence of a difference in the
risk of stroke between trials categorised by different inclusion criteria (trials
restricted to participants with a history of vascular disease, and those restricted to
participants without a history of vascular disease). Unfortunately, the results were
not given by stroke pathological type, and neither were the results from other
identified large trials or meta-analyses of trials.?*** As such, it was not possible to
use the results from blood pressure-lowering trials to assess the extent of
confounding, if any, by unknown confounders of the associations by stroke
pathological type. Though perhaps unlikely, given the assessment of confounding
by major vascular risk factors in CKB study and the large meta-analyses of
prospective studies, it is still possible that confounding might explain some of

differences between these studies.

Misclassification between the main stroke pathological types was likely to be low
in the main analyses conducted for this thesis, as indicated by the adjudication
sub-study. The extent of misclassification in the meta-analyses of large
prospective studies is less clear. Information on whether a CT or MRI scan was
involved in the diagnosis of stroke was only available for around half the studies in
the Asia Pacific Cohort Studies Collaboration study, and only half the strokes in
these studies were known to have had scans. The proportion of strokes known to

have involved a CT or MRI scan in the Prospective Studies Collaboration study is
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not reported, but for many of the older studies included in the analysis, the
technology was simply not available. As misclassification would tend to attenuate
any differences in the strengths of the associations between stroke pathological
types, greater misclassification in the meta-analyses than in the CKB study may
explain the greater similarity in the strengths of the associations of stroke
pathological types in these studies than in the CKB study. It is also possible,
however, that some of the differences between these studies are real. For
example, the shallower associations for intracerebral haemorrhage reported in the
Prospective Studies Collaboration study may be the result of different genetic or

environmental exposures between populations in East Asia and those in the West.

There were consistencies and differences in the effect modification results in the
analyses conducted for this thesis compared to those of the meta-analyses. The
Prospective Studies Collaboration study described effect modification by sex for
the associations between usual SBP and risk of overall stroke, with slightly weaker
age-specific associations for females than males: at age 60-69 years, 10 mm Hg
higher of usual SBP was associated with 46% (95% CI: 40-52) higher risk of
stroke in females compared to 56% (51-60) higher risk in males. This is consistent
with the findings of this thesis for cerebral infarction (figure 4.14) but not
intracerebral haemorrhage (figure 4.21). By contrast, the Asia Pacific Cohort
Studies Collaboration study did not find any evidence of effect modification by sex.
Neither meta-analysis, unfortunately, reported effect modification by sex for each

of the main stroke pathological types separately.
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The Asia Pacific Cohort Studies Collaboration has published further results on
effect modification of the association between blood pressure and stroke by

BMI,'%®® smoking'® and total cholesterol;**°

the Prospective Studies Collaboration
has not published further results on effect modification. The results of the Asia
Pacific Cohort Studies Collaboration analyses for effect modification by smoking
and BMI are not consistent with the findings of this thesis; effect modification by
total cholesterol cannot be compared with the finding of this thesis, as cholesterol
Is yet to be measured in the CKB study. Unlike the findings in this thesis, the Asia
Pacific Cohort Studies Collaboration'® did not find evidence of effect modification
by BMI for either ischaemic stroke (P neterogeneity = 0.24) or intracerebral
haemorrhage (P neterogeneity = 0.18). There was evidence, however, of effect
modification by BMI (P neterogeneity = 0.01) for coronary heart disease, with stronger

associations at lower than higher BMI, consistent with the effect modification

findings in this thesis for cerebral infarction.

For smoking, the Asia Pacific Cohort Studies Collaboration'® found evidence of
effect modification for associations with intracerebral haemorrhage but not
ischaemic stroke: 10 mm Hg higher usual SBP was association with 81% (95% CI:
73-90) higher risk of intracerebral haemorrhage in current smokers and 66% (59-
73) higher risk in non-smokers. By contrast, the analyses conducted for this thesis
found evidence of effect modification by smoking for associations with cerebral
infarction but not intracerebral haemorrhage, with stronger associations in current

than never smokers.
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Analyses conducted by the Asia Pacific Cohort Studies Collaboration'® found
effect modification by total cholesterol for associations with ischaemic stroke but
not for intracerebral haemorrhage. Associations with ischaemic stroke were
stronger at lower than higher total cholesterol: 10 mm Hg higher usual SBP was
association with 40% (95% CI: 36-43) higher risk of ischaemic stroke at total
cholesterol <4.8 mmol/L compared to 29% (21%-37%) higher risk at total
cholesterol 26.3 mmol/L. This thesis was not able to assess effect modification by

lipid fractions.

5.4 Causality

The totality of evidence indicates that blood pressure is an important cause of
ischaemic stroke, intracerebral haemorrhage and subarachnoid haemorrhage.
Meta-analyses of randomised clinical trials show with a higher degree of certainty
than prospective cohort studies that blood pressure is a cause of stroke.?>%*2° At
present, however, clinical trials do not allow the importance of this relationship to

be examined in detail by age, sex and stroke pathological type, as permitted by

large prospective cohort studies.

Large prospective cohort studies have consistently found strong positive
associations between blood pressure and risk of stroke in both sexes, and
throughout middle and old age, for all stroke pathological types.?®?’ The
prospective character of these studies, which measure blood pressure prior to
stroke incidence in participants without history of vascular disease, has

established the temporal nature of these associations. There is also a strong
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biological plausibly for the relationship with all the stroke pathological types:

111,112 113,72

ischaemic stroke, intracerebral haemorrhage and subarachnoid

haemorrhage.”™

Strong positive associations have been described in different parts of the world
where study conditions and background levels of different risk factors are likely to
be very different, although there have been comparatively few studies of
subarachnoid haemorrhage compared to ischaemic stroke or intracerebral
haemorrhage.™ The strengths of the associations have been reasonably
consistent for ischaemic stroke in different parts of the world (figure 5.1), whereas
the strength of the associations for intracerebral haemorrhage have been more
varied (figure 5.2). The reason for the variation in the results for intracerebral
haemorrhage is unclear. As discussed in the previous section, possible biases,
including misclassification between the stroke pathological types, might explain
some, or all, of this variation. It is also possible, however, that there are real
differences in the strengths of associations for intracerebral haemorrhage that
might have an environmental basis (for example, differences in the prevalence of
other risk factors for vascular disease which might be modifying the associations)

or a genetic basis (for which the evidence is weak at present'*®), or both.

There is insufficient evidence to assess whether the effect modifications of the
associations by vascular risk factors investigated in analyses for this thesis (by
alcohol intake, smoking, BMI, MET hours/day and area) were real. Some of the
effect modification identified could well be due to chance. Consistency with other

studies has also not been demonstrated (for example, no previous studies were
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found which investigated effect modification by physical activity or alcohol intake),
and the biological plausibility of these effect modification findings are not
established. These findings could also be the result of effect modification by other
risk factors not investigated, such as cholesterol levels, or the result of variation in
the proportion of subtypes (figure 1.1) of the stroke pathological types by strata of
the effect modifiers: there is weak evidence from meta-analyses of case-control
studies of an increased risk of hypertension in some subtypes compared to others
(small vessel compared to non-small vessel ischaemic stroke,'*® and non-lobar

compared to lobar intracerebral haemorrhage™*’).

The pathological lesions which result in stroke are known to vary by subtype of
stroke pathological type.'**’? For example, large vessel ischaemic stroke is
considered to result from atherosclerosis of large arteries of the head or neck,
whereas there is evidence that non-atherosclerotic arteriopathy may underlie
many small vessel ischaemic strokes.''® There is also evidence that lobar
intracerebral haemorrhage may be caused by different pathological lesions to
deep intracerebral haemorrhage.”® Despite this, the extent to which the strength of
association with usual blood pressure varies, if at all, by subtype of stroke

pathological type is unclear.

5.5 Future research

A number of the analyses conducted for this thesis would benefit from the greater
precision afforded by more stroke events, in particular, the analyses for

subarachnoid haemorrhage. More stroke events would also allow some of the
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effect modification analyses to be further stratified by other risk factors. For
example, diabetes could be stratified by sex, and some strongly associated
variables could be stratified by each other (such smoking and alcohol, and BMI
and physical activity). This would allow the independent and combined effects of
these variables on the associations between usual blood pressure and stroke

pathological types to be estimated.

Future research could also address some specific weakness of the study,
identified earlier: reverse causality could be assessed by repeating the main
analyses of this thesis after several more years of follow-up, excluding the first few
years of follow-up; the main analyses could also be repeated after the blood lipid
levels at baseline have been analyses, which would allow the main finding to this
thesis to be assessed for confounding and effect modification by lipid fractions;
further investigation of ischaemic stroke events in the adjudication sub-study
would clarify the reason for the large proportion of these events that could not be
validated, and ideally the original radiological images themselves would be
reviewed together with the notes. An extension to the adjudication sub-study to
assess the diagnostic accuracy of intracerebral haemorrhage events reported
solely by the mortality surveillance system would be of benefit in understanding
whether misclassification with ischaemic stroke could account for the weaker

association with blood pressure in this group.

The relationship between blood pressure and stroke pathological types could be
investigated further by replicating the main analyses using blood pressure indices

other than usual SBP and usual DBP, such as mean arterial pressure, mid blood
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pressure and pulse pressure. A single baseline measure of mid blood pressure
was found to be the best predictor of cerebral infarction and mean arterial
pressure the best predictor of intracerebral haemorrhage (in part, because random
measurement errors which affect just SBP or just DBP would have been reduced
by calculating the average). The associations between usual levels of these other
indices and stroke pathological types, however, is unknown. A description of these
associations would offer an even more comprehensive assessment of the

relationship between blood pressure and stroke pathological types.

Important future analyses would also include investigating the relationship
between usual blood pressure and the subtypes of stroke pathological types,
important for understanding the mechanisms by which blood pressure causes
stroke. This would require a more detailed classification of some of the stroke
events in the CKB study. This would not be straightforward, unfortunately, as most
algorithms used to classify subtypes of ischaemic stroke require a Doppler

ultrasound scan of the carotid arteries*®

and preliminary analyses from the
adjudication sub-study suggest is performed rarely in China. Further classification
would also be useful for the planned nested case-control studies, within the CKB
study, which will investigate the genetic determinants of stroke (such studies

require detailed phenotyping of stroke events'?°).

Lastly, it would be worthwhile comparing the results of this thesis to similar
analyses of other vascular disease outcomes in the CKB study (in particular,
ischaemic heart disease) and also to analyses from other large prospective

studies on-going in different parts of the world. For example, the UK Biobank
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study*?*

also has half a million participants, the baseline survey has recently been
completed and stroke events are being followed-up. Any consistencies or
differences in the strengths of associations between studies would offer an insight

into the aetiology of stroke and how this may differ in different parts of the world.

5.6 Public health implications

The results of this thesis have important clinical and public health implications for
the prevention of stroke in China. Consistent with other large analyses, there were
strong continuous associations between blood pressure and stroke pathological
types with no evidence of a threshold (down to at least 120 mm Hg usual SBP and
70 mm Hg usual DBP). This suggests that lowering blood pressure reduces the

risk of stroke pathological types even in those considered normotensive.

The different strengths of the associations between blood pressure and stroke
pathological types indicates that lowering blood pressure would have a greater
effect on the risk of intracerebral haemorrhage than cerebral infarction. Assuming
all of the epidemiologically expected benefit of reducing blood pressure on stroke
risk is realised, at age 60-69 years, 10 mm Hg lower SBP would reduce the risk of
intracerebral haemorrhage by just under a half (46%) and the risk of cerebral

infarction by around a third (32%).

The absolute benefit of such changes in the relative risks, however, depends on
the absolute risk of cerebral infarction and intracerebral haemorrhage. Those at

greatest absolute risk would have the greatest absolute benefit from a given
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proportional reduction in their risk of stroke. The evidence from clinical trials
suggests that the relative risk reductions for stroke are similar in those with and
without a history of vascular disease. As such, those at highest absolute risk
includes those with a history of vascular disease, who are at particularly high risk
of stroke or recurrence of stroke, even though they were excluded from the

analyses in this thesis to avoid reverse causality.

At a population level, even modest reductions in blood pressure in China would
have a significant effect on stroke risk. At age 60-69 years, the results of this
thesis suggest that 2 mm Hg lower SBP would reduce the risk of cerebral
infarction by 8% (95% CI: 7-9) and the risk of intracerebral haemorrhage by 13%
(11-15), which could be achievable, for example, by substituting conventional
dietary salt for low sodium salt.****** Given the high rates of stroke in China, these
reductions in relative risk would have a substantial effect on the number of stroke
events, especially in the parts of China with the highest absolute risk of stroke,

such as the north and inland areas.

5.7 Conclusion

This study found that in Chinese adults, aged 40-79 years, usual blood pressure
was strongly and positively related to risk of all stroke pathological types. The
strength of association was greater for intracerebral haemorrhage than for other
pathological types. There were log-linear associations between usual blood
pressure and risk of both cerebral infarction and intracerebral haemorrhage,

throughout the range of blood pressure observed; there were too few events to
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assess the shape of association for subarachnoid haemorrhage. For both cerebral
infarction and intracerebral haemorrhage, there was strong evidence of major
effect modification by age and to a lesser extent by a number of other vascular risk
factors. The associations were shallower at older ages, although the annual
absolute differences in risk were greater at older age. The strengths of these
associations were much greater than estimated by previous prospective studies in

China, particularly for intracerebral haemorrhage.
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Figure 5.1: Cerebral infarction incidence: age-spec

Hg higher usual SBP in the CKB study and other stud

ific hazard ratios for 10 mm
ies

Each closed square represents hazard ratio (HR) with area inversely proportional to the variance of
the log HR. The age-specific results from the CKB study are presented together with the result from
the Asia Pacific Cohort Studies Collaboration,”’ the Prospective Studies Collaboration® and the
China Prospective Study of 212 000 Men.”
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Figure 5.2: Intracerebral haemorrhage incidence: ag e-specific hazard ratios
for 10 mm Hg higher usual SBP in the CKB study and other studies

Each closed square represents hazard ratio (HR) with area inversely proportional to the variance of
the log HR. The age-specific results from the CKB study are presented together with the result from
the Asia Pacific Cohort Studies Collaboration,”’ the Prospective Studies Collaboration® and the
China Prospective Study of 212 000 Men.”
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Appendix A: China Ecological Study results
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Table A.1: Pearson’s correlation coefficients of co
with county level values of vascular risk factors i

Original analyses of the China Ecological Study of 69 rural counties (two counties did not report stroke mortality rates) and the
1989 Biochemistry, Diet and Lifestyle surveys. Mortality rates were age-standardised by taking the unweighted average of the
component five-year mortality rates. Female correlations exclude county Longxian. Data on plasma glucose was not available

unty stroke mortality at age 35-69 in 1986-88

n 1989, in 67 counties in China, by sex

for three counties. ‘Percentage who were well-educated’ was defined as attending ‘senior middle’ school or higher.

Pearson’s correlation coefficient, r (95%CI)

Variables Male Female
Systolic blood pressure (mm Hg) 0.06 (-0.18-0.30) 0.28 (0.03-0.48)*
Diastolic blood pressure (mm Hg) 0.18 (-0.07-0.40) 0.32 (0.08-0.52)*
Urinary Sodium (mg Na/ mg creatinine) 0.17 (-0.07-0.40) - -
Green vegetable consumption (days veg.
consumed/year) -0.19 (-0.41-0.05) -0.40 (-0.59--0.18)*
BMI (kg/m?) 0.04 (-0.20-0.28) 0.40 (0.17-0.58)*
Alcohol consumption (g/day) -0.12 (-0.35-0.13) -0.10 (-0.34-0.14)
Total cholesterol (mg/dL) -0.14 (-0.37-0.10) -0.22 (-0.43-0.03)
- HDL cholesterol (mg/dL) -0.09 (-0.32-0.16) -0.36 (-0.55- -0.13)*
- Non-HDL cholesterol (mg/dL) -0.11 (-0.34-0.14) -0.05 (-0.29-0.19)
Plasma Glucose (mg/dL) 0.05 (-0.20-0.29) -0.24 (-0.46-0.01)
Current smokers (%) -0.05 (-0.29-0.19) 0.11 (-0.13-0.35)
Oil and fat consumption (g/day) -0.11 (-0.34-0.13) -0.10 (-0.34-0.14)
Fruit consumption (days fruit consumed /year) -0.05 (-0.29-0.19) 0.12 (-0.13-0.35)
Percentage who were well-educated -0.01 (-0.25-0.23) 0.04 (-0.20-0.28)
Household income in 1989 (100 Yuan) 0.04 (-0.21-0.27) -0.26 (-0.47- -0.02)*

* p<0.05
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Figure A. 1: Scatter plots of county stroke mortality at age 35-69 in 1986-88
with county level values of vascular risk factors i n 1989, in 67 counties in
China, by sex

Original analyses of the China Ecological Study of 69 rural counties (two counties did not report stroke
mortality rates) and the 1989 Biochemistry, Diet and Lifestyle surveys (see notes of table A.1). Where
the correlation coefficient (r) between the two variables is statistically significant (p<0.05), a regression
line has been drawn and the slope coefficient (8) has been calculated. Counties are presented in
geographic groups, see key.
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Figure A.1 - Continued
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Figure A.1 - Continued
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Figure A.1 - Continued
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Figure A.1 - Continued
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Table A.2: Literature Review database searches: tex

terms

twords and MeSH

Research question of database search: What is the association between blood pressure and
stroke incidence or mortality reported in prospective cohort studies conducted in China?
Databases searched: MEDLINE (from 1950), Global health (from 1973) and EMBASE (from
1980). Date of search: 30/06/2010.

Key words

Textword

MeSH terms

Stroke

Stroke$

cerebrovasc$ accident$
Cerebral vasc$ accident$
Brain attack$

Brain ischemia$

Brain ischaemia$
Intracerebral hemorrhage$
Intracerebral Haemorrhage$

Intraparenchymal hemorrhage$
Intraparenchymal haemorrhage$

Subarachnoid hemorrhage$

Subarachnoid haemorrhage$

Stroke/

Intracranial Hemorrhages/
Cerebral Hemorrhage/
Subarachnoid
Hemorrhage/

Cerebral Infarction/
Cerebrovascular
Disorders/

Brain Ischemia/

Blood pressure

blood pressure
hypertens$

Blood Pressure/
Hypertension/

Cohort studies

Cohort
longitudinal
prospective

Cohort Studies/

China

China$
Chinese
Sino$

China/
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Table A.3: Diagnostic criteria for stroke pathologi cal types

Stroke Diagnostic criteria

Pathological

type Clinical criteria Investigations

Ischaemic World health organlsat|on Plus at least one of the following:

stroke clinical criteria for stroke®* 1. CT or MRI scan which shows ischaemic changes of an age and in a region of the brain
compatible with the clinical symptoms and signs, or is normal. The CT scan needs to have been
performed within ten days of onset signs/symptoms of stroke. The MRI scan needs to have been
performed within 3 months unless appropriate sequences have been used."

2. Necropsy examination which shows ischaemic changes of an age and region compatible with

the clinical symptoms and signs, or is normal.

Intracerebral World health organlsat|on Plus at least one of the following:

haemorrhage clinical criteria for stroke®* 1. CT or MRI scan which shows a parenchymal haemorrhage of an age and in a region of the brain

Subarachnoid
haemorrhage

compatible with the clinical symptoms and signs.i
2. Necropsy examination which shows a parenchymal haemorrhage of an age and
intraparenchymal region compatible with the clinical symptoms and signs.

World health organ|sat|on Plus at least one of the following:
clinical criteria for stroke®* 1. CT or MRI scan indicating blood in the subarachnoid space (eg. in the Sylvian fissure, between
the frontal lobes, in the basal cistern or in the cerebral ventricles).
2. Necropsy examination with recent subarachnoid haemorrhage and an aneurysm or
arteriovenous malformation.
3. CSF (liquor) bloody (>2,000 rbc per mm? from a non-traumatic tap at least 8 hours after onset of
symptoms) and: (a) an aneurysm or an arteriovenous malformation found on angiography; (b)
xanthochromic (confirmed by bilirubin spectrophotometry) and the possibility of intracerebral
haemorrhage has been excluded by necropsy/CT/MRI scan; or (c) xanthochromic (confirmed by
bilirubin spectrophotometry) and an appropriate clinical h|story

* Or a collection of signs/symptoms indicating brainstem involvement.

" CT scan should be performed wnthln ten days (ideally within seven days) to avoid misclassification of small intracerebral haemorrhages as ischaemic strokes.

124,125
old

haemorrhages (older than 3 months™? ) may be misclassified as ischaemic lesions, or normal, using MRI unless appropriate sequences (gradient echo) are used.

Ewdence of haemorrhagic transformation of an infarct should be classified as ischaemic stroke.

$ Subarachnoid haemorrhage can be diagnosed on the basis of a lumbar puncture and appropriate clinical history, although ideally intracerebral haemorrhage should be
excluded by CT/MRI scan.
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Appendix B: CKB additional results: baseline analy ses
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Table B.1: Number of participants recruited at base line and number
excluded from analyses, by area

Participants

excluded
History of
Participants vascular Participants
Area recruited disease* Other " included
Urban
Qingdao 35509 2 009 169 33351
Harbin 57 555 7672 90 49 813
Haikou 29 689 661 76 28 955
Suzhou 53 260 1017 67 52 177
Liuzhou 50 173 3423 64 46 690
All urban 226 186 14 782 466 210 986
Rural
Sichuan 55 687 560 112 55 017
Gansu 50 041 1342 225 48 489
Henan 63 357 3000 63 60 300
Zhejiang 57 704 817 101 56 791
Hunan 59 916 2628 92 57 206
All rural 286 705 8 347 593 277 803
Overall 512 891 23129 1059 488 789

* Participants with a self-reported history of stroke/TIA or CHD at baseline.
T Participants with outlying values in key variables (see Table B.2).
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Table B.2: Criteria for excluding participants with

outlying values in key variables

Lower limit Upper limit  Participants
Variables (exclud(_ed _if (excludgd _if out_sic_le of
< limit) > limit) limits, n
Original variables:
1% reading of SBP, mm Hg 80 250 121
2" reading of SBP, mm Hg 80 250 110
1% reading of DBP, mm Hg 40 150 76
2" reading of DBP, mm Hg 40 150 60
Standing height, m 1.25 1.9 68
Weight, kg* 29 115 117
Waist circumference, cm 50 125 101
Hip circumference, cm 60 130 123
Derived variables:
BMI, kg/m? 14 40 183
Waist-hip ratio 0.6 1.25 171
Difference between 1% and 2™ SBP reading, mm Hg -25 30 95
Difference between 1% and 2™ DBP reading, mm Hg -30 35 121
Difference between SBP and DBP in 1* blood pressure reading, mm Hg 10 150 39
Difference between SBP and DBP in 2™ blood pressure reading, mm Hg 10 150 30
Alcohol consumed in typical week, grams - 2 000 32

* Two participants with missing values for weight were also excluded.
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Table B.3: Baseline correlations between blood pres
hours/day (among 199 825 males and 288 964 females

Pearson partial correlation coefficient x 100, adjusted for area and 5-year age groups.

sure, adiposity variables, and physical activity in MET
participants)

Waist Hip Waist-hip MET

DBP circumference circumference ratio BMI  hours/day

SBP Male: 77 22 17 17 28 3
Female: 74 21 13 19 22 1

DBP Male: 23 19 18 28 3
Female: 13 4 16 13 4

Waist circumference Male: 80 80 84 10
Female: 75 77 85 3

Hip circumference Male: 29 75 13
Female: 17 77 11

Waist-hip ratio Male: 60 3
Female: 53 6

BMI Male: 3
Female: 2
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Table B.4: Baseline associations of blood pressure
females, minimally adjusted (among 488 789 particip

Means adjusted for education and area.

with age, for males and

ants)

Mean (95%CI) baseline blood pressure

Age group, Participants,
years n (%) SBP DBP

Males
30-39 29427 (6) 125.7 (125.5-125.8) 76.8 (76.7-76.9)
40-44 31633 (6) 127.6 (127.5-127.8) 79.0 (78.9-79.1)
45-49 26695 (5)  129.5 (129.3-129.7) 80.2 (80.0-80.3)
50-54 33629 (7) 131.4 (131.2-131.6) 80.2 (80.1-80.4)
55-59 27232 (6) 134.3 (134.0-134.5) 80.1 (80.0-80.2)
60-64 20103 4 137.9 (137.6-138.2) 79.6 (79.5-79.8)
65-69 17033  (3)  140.6 (140.2-140.9) 78.4 (78.2-78.5)
70-79 14073  (3)  142.7 (142.4-143.1) 77.1 (76.9-77.3)

Female
30-39 47976 (10)  117.7 (117.5-117.8) 73.4 (73.3-73.5)
40-44 51673 (11) 122.3 (122.1-122.4) 75.8 (75.7-75.9)
45-49 40490 (8) 126.8 (126.6-127.0) 77.4 (77.3-77.5)
50-54 50777 (10)  131.0 (130.8-131.2) 78.4 (78.3-78.5)
55-59 38692 (8) 135.0 (134.7-135.2) 78.4 (78.3-78.5)
60-64 25306  (5)  139.2 (138.9-139.5) 77.8 (77.7-77.9)
65-69 19644  (4)  142.4 (142.1-142.7) 76.6 (76.4-76.8)
70-79 14406  (3) 145.2 (144.8-145.6) 75.6 (75.4-75.8)
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Table B.5: Baseline associations of blood pressure
with adjustment for other adiposity measures (among

with measures of adiposity,
488 789 participants)

Means were adjusted for age, sex, education, area and other adiposity measures.*

Adiposity Mean of Mean (95%CI) blood pressure
variables, by Participants,  group at
quintiles n baseline SBP DBP
BMI, (kg/m?)
14.0 - <20.8 99 697 19 125.1 (124.9-125.2) 749  (74.8-75.0)
20.8-<22.6 98 447 22 128.3 (128.2-128.4) 76.2 (76.2-76.3)
22.6 - <24.3 96 778 23 130.5 (130.3-130.6) 775 (77.5-77.6)
24.3 - <26.4 96 958 25  132.8 (132.7-132.9) 78.9 (78.8-79.0)
26.4 — 40.0 96 909 29 136.5 (136.3-136.7) 80.8  (80.7-80.9)
Waist circumference
(cm)
50.0 - <71.6 98 268 67 128.1 (128.0-128.3) 76.5  (76.4-76.6)
71.6 - <77.0 96 418 74 129.3 (129.1-129.4) 76.8  (76.8-76.9)
77.0-<82.1 100 737 80 130.4 (130.3-130.6) 775 (77.4-77.6)
82.1 - <88.2 94 948 85 131.5 (131.4-131.6) 78.2 (78.1-78.2)
88.2-125.0 98 418 94 133.6 (133.4-133.7) 79.3  (79.2-79.3)
Hip circumference,
(cm
60.0 - <85.1 99 636 82 130.9 (130.8-131.1) 778 (77.7-77.9)
85.1 - <88.8 96 005 87 130.9 (130.8-131.0) 777  (77.6-77.8)
88.8-<92.1 99 090 90 130.5 (130.4-130.6) 776  (77.5-77.7)
92.1-<96.2 95 355 94 130.0 (129.9-130.2) 774  (77.4-77.5)
96.2 - 129.0 98 703 101  130.5 (130.4-130.7) 777  (77.6-77.8)
Waist-hip ratio (%)
59.6 - <82.5 107 280 79 128.8 (128.7-128.9) 76.8 (76.7-76.9)
82.5-<86.5 96 841 85 129.9 (129.7-130.0) 772  (77.2-77.3)
86.5 - <89.5 82 227 88  130.6 (130.4-130.7) 776  (77.5-77.6)
89.5 - <93.5 95 637 91 131.4 (131.2-131.5) 77.9  (77.9-78.0)
93.5 - 125.4 106 804 98  132.4 (132.2-132.5) 78.6 (78.5-78.7)

* Blood pressure means by quintiles of BMI were further adjusted for hip circumference and waist
circumference; means by quintiles of hip circumference were further adjusted for BMI and waist
circumference; means by quintiles of waist circumference were further adjusted for BMI and waist
circumference; and means by quintiles of waist-hip ratio were further adjusted for BMI, hip
circumference and waist circumference.
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Table B.6: Baseline associations of blood pressure with alcohol intake, with
adjustment for smoking (among 488 789 participants)

Means adjusted for age, sex, education, area and smoking.

Mean (95%CI) baseline blood pressure
Participants,

Alcohol intake n (%) SBP DBP

Never 223364 (46) 131.0 (130.9-131.1) 77.6 (77.6-77.7)
Ex-weekly 7922  (2) 131.3 (130.9-131.7) 78.4 (78.2-78.7)
Reduced-intake 10578  (2) 131.1 (130.7-131.5) 78.3 (78.1-78.5)
Occasional 156 339 (32) 128.9 (128.8-129.0) 76.7 (76.7-76.8)
Monthly drinker 16 902 (3) 129.6 (129.4-129.9) 77.2 (77.0-77.3)
Weekly: <70g/wk 14163  (3) 130.2 (129.9-130.6) 77.8 (77.6-78.0)
Weekly: <140g/wk 14429  (3) 131.7 (131.3-132.0) 78.7 (78.5-78.9)
Weekly: <210g/wk 9144 (2) 133.3 (132.9-133.7) 79.5 (79.3-79.7)

Weekly: >210g/wk 35048  (7) 134.7 (134.5-135.0) 80.5 (80.4-80.6)
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Table B.7: Baseline associations of blood pressure

minimally adjusted (among 488 789 participants)

Means were adjusted for age, sex, education and area.

with measures of adiposity,

Adiposity Mean of Mean (95%CI) blood pressure
variables by Participants,  group at
quintiles n baseline SBP DBP
BMI, (kg/m?)
14.0 - <20.8 99 697 19 123.3 (123.2-123.4) 73.9 (73.8-74.0)
20.8-<22.6 98 447 22 127.4 (127.2-127.5) 75.7  (75.6-75.7)
22.6 - <24.3 96 778 23 130.3 (130.2-130.4) 77.4  (77.4-77.5)
24.3 - <26.4 96 958 25 133.6 (133.5-133.7) 79.4  (79.3-79.4)
26.4 -40.0 96 909 29 138.6 (138.5-138.7) 82.0 (81.9-82.0)
Waist circumference
(cm)
50.0 - <71.6 98 268 67 124.7 (124.5-124.8) 745 (74.4-74.6)
71.6 -<77.0 96 418 74 127.8 (127.7-127.9) 76.0 (76.0-76.1)
77.0-<82.1 100 737 80  130.3 (130.2-130.4) 774 (77.4-775)
82.1 - <88.2 94 948 85 132.8 (132.7-133.0) 78.9  (78.9-79.0)
88.2-125.0 98 418 94 137.4 (137.3-137.5) 81.3 (81.3-81.4)
Hip circumference,
(cm)
60.0 - <85.1 99 636 82 124.0 (123.9-124.2) 74.3 (74.2-74.3)
85.1 - <88.8 96 005 87 127.2 (127.1-127.3) 75.7 (75.6-75.7)
88.8 - <92.1 99 090 90  130.3 (130.2-130.4) 77.4  (77.3-77.5)
92.1 - <96.2 95 355 94  133.4 (133.2-133.5) 79.2  (79.1-79.3)
96.2 - 129.0 98 703 101  138.0 (137.9-138.2) 81.7 (81.6-81.8)
Waist-hip ratio (%)
59.6 - <82.5 107 280 79 125.1 (125.0-125.2) 74.8 (74.8-74.9)
82.5-<86.5 96 841 85 128.4 (128.2-128.5) 76.4  (76.4-76.5)
86.5 - <89.5 82 227 88 130.5 (130.4-130.7) 775 (77.5-77.6)
89.5 - <93.5 95 637 91 1329 (132.8-133.0) 78.8 (78.7-78.8)
93.5-125.4 106 804 98  136.1 (136.0-136.2) 80.6  (80.6-80.7)
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with alcohol intake and
488 789 participants)

Table B.8: Baseline associations of blood pressure
month of baseline survey, minimally adjusted (among

Means adjusted for age, sex, education and area.

Mean (95%CIl) baseline blood pressure

Participants,

n (%) SBP DBP

Alcohol intake
Never 223364 (46) 130.8 (130.8-130.9) 77.6 (77.5-77.6)
Ex-weekly 7922 (2) 131.3 (130.9-131.7) 78.4 (78.1-78.6)
Reduced-intake 10 578 (2) 131.3 (130.9-131.7) 78.4 (78.2-78.6)
Occasional 156 339 (32) 128.8 (128.7-128.9) 76.7 (76.7-76.8)
Monthly drinker 16902  (3) 129.8 (129.5-130.1) 773 (77.1-77.4)
Weekly: <70g/wk 14163  (3) 130.4 (130.1-130.7) 77.9 (77.7-78.1)
Weekly: <140g/wk 14 429 (3) 1319 (131.6-132.3) 78.8 (78.6-79.0)
Weekly: <210g/wk 9144 (2) 133.7 (133.3-134.1) 79.7 (79.5-80.0)
Weekly: >210g/wk 35948 (7) 135.2 (135.0-135.4) 80.8 (80.7-80.9)

Month of baseline

survey
January/February 46960 (10) 135.6 (135.4-135.8) 79.1 (79.0-79.2)
March 50859 (10) 133.7 (133.6-133.9) 78.4 (78.3-78.5)
April 49798 (10) 130.9 (130.7-131.1) 77.4 (77.3-77.5)
May 46294  (9) 1285 (128.3-128.7) 76.8 (76.7-76.9)
June 44449  (9) 126.8 (126.6-127.0) 76.2 (76.1-76.3)
July 37155  (8) 124.7 (124.5-124.9) 75.5 (75.4-75.6)
August 38296  (8) 124.7 (124.5-124.9) 75.3 (75.2-75.4)
September 36215 (7) 127.5 (127.3-127.7) 77.0 (76.9-77.1)
October 36550 (7) 131.3 (131.1-131.5) 78.4 (78.3-78.5)
November 50490 (10) 133.5 (133.4-133.7) 79.2 (79.1-79.3)
December 51723 (11) 135.1 (135.0-135.3) 79.4 (79.3-79.5)
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Table B.9: Baseline associations of blood pressure with other selected
variables, minimally adjusted (among 488 789 partic  ipants)

Means were adjusted for age, sex, education and area.

Participants, Mean (95%CI) baseline blood pressure

0

n (%) SBP DBP
Smoking
Never 30 3127 (62) 131.3  (131.2-131.4) 78.0 (77.9-78.0)
Occasional 27 978 (6) 130.3  (130.1-130.5) 776 (77.5-77.7)
Ex-regular 27 236 (6) 130.7 (130.5-131.0) 78.3 (78.2-78.4)
Current 130 448 (27) 129.0 (128.8-129.1) 76.7 (76.6-76.8)
History of
diabetes
No 466 144 (95) 130.2  (130.2-130.3) 776 (77.5-77.6)
Yes 22 645 (5) 137.9  (137.6-138.1) 79.2  (79.1-79.3)
Taking blood
pressure-
lowering
medication
No 471 207 (96) 129.9  (129.9-130.0) 773 (77.3-77.4)
Yes 17 582 (4) 148.0 (147.8-148.3) 85.5 (85.4-85.7)
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Table B.10: Baseline associations of blood pressure with measures of adiposity,
extensively adjusted (among 488 789 participants)

Means were adjusted for age, sex, education, area, other measures of adiposity,* and other selected
variables (MET hours/day, alcohol intake, tea intake, fresh fruit consumption, fresh vegetable
consumption, smoking, month of baseline survey and history of diabetes) except where the variable is on
the causal pathway between exposure and blood pressure, see Figure 1.3.

Adiposity Mean of Mean (95%CI) blood pressure
variables, by Participants,  group at
quintiles n baseline SBP DBP
BMI, (kg/m?)

14.0 - <20.8 99 697 19 125.4 (125.3-125.6) 75.0 (74.9-75.1)
20.8-<22.6 98 447 22 128.4 (128.2-128.5) 76.3 (76.2-76.3)
22.6 - <24.3 96 778 23 130.4 (130.3-130.5) 775  (77.4-77.6)
24.3 - <26.4 96 958 25 1326 (132.5-132.7) 78.8 (78.8-78.9)
26.4 - 40.0 96 909 29 136.3 (136.1-136.4) 80.7 (80.6-80.8)

Waist circumference

(cm)
50.0 - <71.6 98 268 67 127.4 (127.3-127.6) 76.2 (76.2-76.3)
71.6 - <77.0 96 418 74 1289 (128.8-129.0) 76.7 (76.6-76.8)
77.0 - <82.1 100 737 80 130.4 (130.3-130.5) 775 (77.4-77.5)
82.1-<88.2 94 948 85 131.8 (131.7-132.0) 78.3 (78.2-78.3)
88.2 - 125.0 98 418 94  134.4 (134.2-134.6) 79.5  (79.4-79.6)

Hip circumference,

(cm
60.0 - <85.1 99 636 82 1314 (131.2-131.5) 77.9 (77.8-78.0)
85.1 - <88.8 96 005 87 1311 (131.0-131.3) 77.8 (77.7-77.9)
88.8 - <92.1 99 090 90 130.6 (130.5-130.7) 776 (77.6-77.7)
92.1 - <96.2 95 355 94  129.9 (129.8-130.0) 774 (77.3-77.5)
96.2-129.0 98 703 101  129.9 (129.7-130.0) 775 (77.4-77.6)

Waist-hip ratio (%)

0.60 - <0.83 107 280 79 1281 (128.0-128.3) 76.6  (76.5-76.7)
0.83 - <0.87 96 841 85 129.7 (129.5-129.8) 772 (77.1-77.3)
0.87 - <0.90 82 227 88  130.6 (130.5-130.7) 776 (77.5-77.7)
0.90 - <0.94 95 637 91 1316 (131.5-131.7) 78.0 (78.0-78.1)
0.94-1.25 106 804 98  133.0 (132.8-133.1) 78.8 (78.7-78.9)

* Blood pressure means by quintiles of BMI were further adjusted for hip circumference and waist
circumference; means by quintiles of hip circumference were further adjusted for BMI and waist
circumference; means by quintiles of waist circumference were further adjusted for BMI and waist
circumference; and means by quintiles of waist-hip ratio were further adjusted for BMI, hip circumference
and waist circumference.
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Table B.11: Baseline associations of blood pressure

extensively adjusted (among 488 789 participants)

with dietary variables,

Means were adjusted for age, sex, education, area and other selected variables (BMI, hip

circumference, waist circumference, MET hours/day,

alcohol intake,

tea intake,

fresh fruit

consumption, fresh vegetable consumption, smoking, month of baseline survey and history of
diabetes) except where the variable is on the causal pathway between exposure and blood pressure,

see Figure 1.3.

Participants,

Mean (95%CIl) baseline blood pressure

n (%) SBP DBP
Fresh fruit
consumption
Never/rarely 30 786 (6) 132.3  (132.1-132.5) 78.4 (78.3-78.5)
Monthly 167593 (34)  131.2  (131.1-131.3) 778  (77.8-77.9)
1-3 days/wk 154896 (32) 130.6  (130.5-130.6) 776 (77.6-77.7)
4-6 days/wk 46124  (9) 1299  (129.7-130.0) 77.4  (77.3-77.5)
Daily 89390 (18) 129.2  (129.0-129.3) 77.1  (77.0-77.2)
Fresh vegetable
consumption
Not daily 25904 (5) 1309  (130.6-131.1) 78.0 (77.8-78.1)
Daily 462885 (95) 130.6  (130.5-130.6) 776  (77.6-77.7)
Tea intake
Never/rarely 171074 (35) 130.3  (130.2-130.4) 77.4  (77.3-77.5)
Occasional 134405 (27) 130.3  (130.2-130.4) 775 (77.4-77.6)
Monthly 19086 (4) 1305 (130.2-130.7) 776 (77.5-77.8)
Weekly/daily 164224 (34) 131.1  (131.0-131.2) 78.0 (78.0-78.1)
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Table B.12: Baseline associations of blood pressure with alcohol intake and
month of baseline survey, extensively adjusted (amo ng 488 789 participants)

Means were adjusted for age, sex, education, area and other selected variables (BMI, hip
circumference, waist circumference, MET hrs/day, alcohol intake, tea intake, fresh fruit consumption,
fresh vegetable consumption, smoking, month of baseline survey and history of diabetes) except
where the variable is on the causal pathway between exposure and blood pressure, see Figure 1.3.

Mean (95%CIl) baseline blood pressure
Participants,

n (%) SBP DBP
Alcohol intake
Never 223364 (46) 130.9 (130.8-131.0) 776 (77.6-77.7)
Ex-weekly 7922 (2) 131.0 (130.6-131.4) 78.3  (78.0-78.5)
Reduced-intake 10 578 (2) 130.2 (129.9-130.6) 77.8 (77.6-78.0)
Occasional 156 339 (32) 129.2 (129.1-129.3) 76.8 (76.8-76.9)
Monthly drinker 16902  (3) 129.8 (129.5-130.0) 772 (77.1-77.4)
Weekly: <70g/wk 14163  (3) 130.1 (129.8-130.4) 777 (77.5-77.9)
Weekly: <140g/wk 14429  (3) 131.4 (131.1-131.7) 785 (78.4-78.7)
Weekly: <210g/wk 9144 (2) 132.7 (132.3-133.1) 79.3  (79.0-79.5)

Weekly: >210g/wk 35948  (7) 134.3 (134.1-134.5) 80.4 (80.3-80.5)

Month of baseline

survey
January/February 46960 (10) 1357 (135.6-135.9) 79.2  (79.1-79.3)
March 50859 (10) 133.5 (133.3-133.6) 78.2 (78.1-78.3)
April 49798 (10) 130.7 (130.5-130.9) 773 (77.2-77.4)
May 46294 (9) 128.3 (128.2-128.5) 76.8  (76.7-76.9)
June 44449  (9) 126.7 (126.6-126.9) 76.2  (76.1-76.3)
July 37155 (8) 124.6 (124.4-124.8) 755  (75.4-75.6)
August 38296 (8) 124.8 (124.6-125.0) 754  (75.3-75.5)
September 36215 (7) 127.5 (127.3-127.7) 770 (76.9-77.1)
October 36550 (7) 131.4 (131.2-131.6) 785 (78.4-78.6)
November 50490 (10) 133.7 (133.6-133.9) 79.3  (79.2-79.4)
December 51723 (11) 1354 (135.2-135.5) 795  (79.4-79.6)
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Table B.13: Baseline associations of blood pressure with other variables,
extensively adjusted (among 488 789 participants)

Means were adjusted for age, sex, education, area and other selected variables (BMI, hip
circumference, waist circumference, MET hrs/day, alcohol intake, tea intake, fresh fruit consumption,
fresh vegetable consumption, smoking, month of baseline survey and history of diabetes) except
where the variable is on the causal pathway between exposure and blood pressure, see Figure 1.3.

Participants, Mean (95%CIl) baseline blood pressure
n (%) SBP DBP
Physical activity
quintiles (MET
hours/day)*
0.0 -<14.4 97774  (20) 131.2  (131.0-131.3) 78.2  (78.1-78.2)
14.4 - <19.7 97716  (20) 131.1  (130.9-131.2) 78.0 (77.9-78.0)
19.7 - <26.8 97 803 (20) 130.4  (130.3-130.5) 7717  (77.6-77.7)
26.8 - <38.0 97784  (20) 130.2  (130.1-130.3) 773 (77.3-77.4)
38.0 - 139.5 97712  (20) 130.0 (129.9-130.2) 77.1  (77.0-77.1)
Smoking
Never 303 127 (62) 131.3  (131.2-131.4) 78.0 (78.0-78.1)
Occasional 27 978 (6) 130.2  (130.0-130.5) 776 (77.4-77.7)
Ex-regular 27 236 (6) 1297  (129.5-129.9) 77.7 (77.5-77.8)
Current 130 448 (27) 129.1  (129.0-129.3) 76.7 (76.6-76.8)
History of
diabetes
No 466 144  (95)  130.3  (130.3-130.4) 776 (77.6-77.7)
Yes 22 645 (5) 1356 (135.4-135.9) 78.0 (77.8-78.1)
Taking blood
pressure
lowering
medication’
No 471207  (96)  130.0  (130.0-130.1) 77.4  (77.4-77.4)
Yes 17 582 (4) 1449 (144.6-145.2) 84.0 (83.8-84.1)

* Mean of quintiles: 10.6, 17.0, 22.9, 32.1, 47.6 MET hours/day.
f Adjusted for all other selected variables.
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Appendix C: CKB additional results: incident stroke
events
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Table C.1: Number of incident stroke events, by age , by sex and by area
(among 488 789 participants)

Person- Stroke events, n
years at
risk Ischaemic Intracerebral  Subarachnoid
(x103) stroke  haemorrhage haemorrhage Unspecified Total
Age at risk
(years)
30-39 205 21 14 7 3 45
40-49 774 408 204 20 18 650
50-59 797 1562 528 35 79 2204
60-69 480 2 056 690 46 106 2 898
70-79 222 1964 752 22 115 2853
80-87 3 32 9 0 1 42
Sex
Male 1003 2 968 1227 61 171 4 427
Female 1475 3075 970 69 151 4 265
Area
Qingdao 171 11 21 2 0 34
Harbin 245 1568 126 13 28 1735
Haikou 136 262 18 1 6 287
Suzhou 262 317 84 6 65 472
Liuzhou 225 695 90 16 16 817
Sichuan 282 180 371 16 39 606
Gansu 250 176 425 1 18 620
Henan 309 1527 349 33 48 1957
Zhejiang 303 663 219 14 27 923
Hunan 295 644 494 28 75 1241
Overall 2478 6 043 2197 130 322 8 692
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Table C.2: Number of incident stroke events reporte d by the disease
surveillance system, by age, by sex and by area (am  ong 488 789 participants)

Person- Stroke events, n
years at
risk Ischaemic Intracerebral  Subarachnoid
(x103) stroke  haemorrhage haemorrhage Unspecified Total
Age at risk
(years)
30-39 205 21 7 7 3 38
40-49 774 401 137 18 15 571
50-59 797 1535 340 29 69 1973
60-69 480 2 009 376 37 75 2497
70-79 222 1861 375 18 71 2325
80-87 3 29 5 0 1 35
Sex
Male 1003 2 860 696 57 125 3738
Female 1475 2 996 544 52 109 3701
Area
Qingdao 171 0 0 0 0 0
Harbin 245 1552 74 7 27 1660
Haikou 136 258 11 1 6 276
Suzhou 262 300 54 6 13 373
Liuzhou 225 669 55 13 15 752
Sichuan 282 175 276 10 27 488
Gansu 250 129 81 1 11 222
Henan 309 1500 319 33 48 1900
Zhejiang 303 655 188 14 21 878
Hunan 295 618 182 24 66 890
Overall 2478 5 856 1240 109 234 7439
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Table C.3: Number of stroke deaths reported by the
system, by age, by sex and by area (among 488 789 p  articipants)

mortality surveillance

Person- Stroke deaths, n
years at
risk  Ischaemic Intracerebral ~ Subarachnoid
(x10°%) stroke  haemorrhage haemorrhage Unspecified Total
Age at risk
(years)
30-39 205 0 7 0 0 7
40-49 775 12 111 128
50-59 801 44 292 7 16 359
60-69 485 108 506 17 38 669
70-79 227 202 593 10 59 864
80-87 3 5 7 0 0 12
Sex
Male 1011 210 868 11 62 1151
Female 1483 161 648 25 54 888
Area
Qingdao 171 11 21 2 0 34
Harbin 249 26 64 8 99
Haikou 137 5 7 0 0 12
Suzhou 262 27 45 0 59 131
Liuzhou 227 35 49 6 2 92
Sichuan 282 19 282 7 25 333
Gansu 250 52 368 0 8 428
Henan 313 99 190 6 0 295
Zhejiang 305 45 110 1 12 168
Hunan 297 52 380 6 9 447
Overall 2494 371 1516 36 116 2039
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Figure C.1: Number and proportion of incident stroke events rep
pathological type (among 488 789 participants)
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Table C.4: Number of incident events of each stroke

pathological type, by age and sex (among 488 789 p

articipants)

Incident stroke events, n (crude rate per 100 000 p

erson-years)

Age group at Person-years Intracerebral Subarachnoid

risk, by sex at risk (x10 3) Ischaemic stroke haemorrhage haemorrhage Unspecified Total

Male, years
33-40 77 15 (19) 4 (5) 4 (5) 2 ) 25 (32)
40-49 295 212 (72) 104  (35) 10 (3) 10 (3) 336  (114)
50-59 317 694  (219) 259  (82) 15 (5) 40  (13) 1008  (318)
60-69 207 989  (478) 404 (195) 23 (11) 51  (25) 1467  (709)
70-79 105 1044  (994) 453 (431) 9 (9) 67  (64) 1573 (1498)
80-87 1 14 (1 400) 3 (300) 0 (0) 1 (100) 18 (1 800)
All (40-79)* 1003 2968  (441) 1227 (186) 61 (7) 171 (26) 4427  (660)

Female, years
33-40 127 6 (5) 10 (8) 3 (2) 1 () 20 (16)
40-49 478 196 (42) 100 (22) 10 (2) 8 (2) 314 (66)
50-59 480 868 (181) 269 (56) 20 (4) 39 (8) 1196 (249)
60-69 272 1067 (392) 286 (105) 23 (8) 55 (20) 1431 (526)
70-79 117 920 (786) 299 (256) 13 (112) 48 (42) 1280 (1094)
80-87 2 18 (900) 6 (300) 0 (0) 0 (0) 24 (1 200)
All (40-79)* 1475 3075 (350) 970 (109) 69 (6) 151 (18) 4 265 (484)

Overall (40-79)* 2478 6043  (395) 2197 (148) 130 (7) 322 (22) 8692  (572)

* Age-standardised by taking the unweighted average of the component ten-year incidence rates (overall: average of age-standardised incidences of both

sexes)
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Table C.5: Number of incident stroke events of each

age and sex (among 488 789 participants)

pathological type known to have been imaged by CT/

MRI scan, by

Incident stroke events imaged by CT/MRI scan, n (%

of all incident stroke events)

Age group at Person-years Intracerebral Subarachnoid

risk, by sex at risk (x10 ) Ischaemic stroke haemorrhage haemorrhage Unspecified Total

Male, years
33-40 77 12 (80) 1 (25 4 (100) 1 (50) 18 (72)
40-49 295 163 (76) 58  (57) 6 (60) 6 (60) 233 (69)
50-59 317 556 (80) 145  (56) 11 (73) 12 (30) 724 (72)
60-69 207 742 (75) 191 (47) 19 (83) 24 (47) 976  (67)
70-79 105 785 (75) 214 (47) 7 (78) 28 (42 1034  (66)
80-87 1 8 (57) 1 (33 0 Q) 0 (0) 9 (50
All (33-87) 1003 2266 (76) 610  (50) 47 (77) 71 (42) 2994  (68)

Female, years
33-40 127 6 (100) 6 (60) 3 (100) 0 0) 15 (75)
40-49 478 155 (79) 58  (58) 6 (60) 4 (50 223 (71)
50-59 480 657 (76) 160  (59) 14 (70) 12 (31) 843  (70)
60-69 272 801 (75) 128  (45) 14 (61) 15 (27) 958  (67)
70-79 117 654 (71) 117 (39) 8 (62) 13 (27) 792 (62)
80-87 2 17 (94) 2 (33 0 ) 0 ) 19 (79)
Al (33-87) 1475 2290 (74) 471  (49) 45 (65) 44 (29) 2850  (67)

Overall 2 478 4555 (75) 1081  (49) 92 (71) 115  (36) 5844  (67)

‘-’ = not calculable
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Table C.6: Adjudication sub-study: comparison of CK B data diagnoses and the adjudicated diagnoses in 9 02 ‘matched’
stroke events

Excludes 120 events with a different discharge diagnosis in the medical notes to the CKB data.

Adjudicated diagnosis, number of events (% total)

+

Stroke pathological type Equivocal Not stroke
Unspecified
Cerebral stroke
CKB study Ischaemic Intracerebral infarction pathological Old Insufficient
diagnosis stroke haemorrhage  SAH CT/MRI type stroke  information TIA Other Total
Ischaemic 330 (45) 2 (0) 0 (0) 293 (40) 19 (3) 35 (5) 46 (6) 3 (1) 9 (1) 737
stroke
Intracerebral 0 (0) 112 (97) 0 (0) 0 (0) 2 (2 0 (0) 0 (0) 0 (0) 1 1 115
haemorrhage
Subarachnoid 0 (0) 0 (0) 11 (79) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 3 (21) 14
haemorrhage
Unspecified 2 (6) 0 (0) 0 (0) 9 (25) 0 (0) 0 (0) 20 (56) 3 (8) 2 (6) 36

stroke type

* The positive predictive value of CKB study diagnosis for stroke pathological type.

" Insufficient evidence to verify or refute diagnosis of the stroke pathological type. Cerebral infarction CT/MRI: evidence of cerebral infarction from CT/MRI report
without sufficient clinical evidence of signs/symptoms of stroke documented during admission. Unspecified stroke type: evidence of signs/symptoms of stroke
without sufficient evidence from CT/MRI to diagnose pathological type. Old stroke: notes report old stroke without sufficient evidence of event to diagnose stroke or
sufficient evidence from CT/MRI scan. Insufficient information: insufficient clinical information to allow adjudication.

SAH = subarachnoid haemorrhage.

TIA = transient ischaemic attack.
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Table C.7: Adjudication sub-study: comparison of CK B data diagnoses and adjudicated diagnoses, restric ted to events
used in subsequent prospective analyses (among 416 ischaemic stroke events)

Adjudicated diagnosis, number of events (% total)

+

Stroke pathological type Equivocal Not stroke
Unspecified
Cerebral stroke
CKB study Ischaemic Intracerebral infarction pathological old Insufficient
diagnosis stroke haemorrhage  SAH CT/MRI type stroke  information TIA Other Total
Ischaemic 125 (37)* 5 (1) 0 (0 157 (46) 3 (1 20 (6) 16 (5) 1 (<1) 13 4 340
stroke
Intracerebral 0 (0 48 (81)* 2 (3 1 2 2 3 1 (@2 2 (3 0 (0 3 (5 59
haemorrhage
Subarachnoid 0 (0) 1 (9 8 (73)* 0 (0) 0 (0 0 (0 0 (0) 0 (0 2 (18) 11
haemorrhage
Unspecified 2 (33 1 (@17) 0 (0 2 (33 0 (0) 0 (0) 1 (@17 0 (0 0 (0 6

stroke type

* The positive predictive value of CKB study diagnosis for stroke pathological type.

" Insufficient evidence to verify or refute diagnosis of the stroke pathological type. Cerebral infarction CT/MRI: evidence of cerebral infarction from CT/MRI report
without sufficient clinical evidence of signs/symptoms of stroke documented during admission. Unspecified stroke type: evidence of signs/symptoms of stroke
without sufficient evidence from CT/MRI to diagnose pathological type. Old stroke: notes report old stroke without sufficient evidence of event to diagnose stroke or
sufficient evidence from CT/MRI scan. Insufficient information: insufficient clinical information to allow adjudication.

SAH = subarachnoid haemorrhage.

TIA = transient ischaemic attack.
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Table C.8: Adjudication sub-study: positive predict ive value (PPV) of
ischaemic stroke,* by surveillance system, hospital tier, area, age and sex;
restricted to events used in subsequent prospective analyses (among 416
ischaemic stroke events)

Adjudicated diagnosis

Ischaemic stroke Cerebral infarction Cerebral infarction
(A) CT/MRI " (B) (A+B)
PPV, % (95%CI) PPV, % (95%Cl) PPV, % (95%CI)

Hospital tier

Primary 40 (31-50) 46 (37-56) 86 (78-92)

Secondary 38 (29-48) 41 (32-51) 79 (71-86)

Tertiary 33 (26-41) 50 (42-58) 83 (76-88)
Area’

Harbin (U) 23 (14-35) 67 (55-78) 90 (80-95)

Haikou (U) 26 (16-38) 43 (31-56) 69 (56-79)

Suzhou (U) 50 (31-69) 38 (21-57) 88 (69-96)

Liuzhou (U) 47 (31-64) 47 (31-64) 94 (80-98)

Sichuan (R) 34 (20-53) 55 (38-72) 90 (74-96)

Gansu (R)® - - -

Henan (R) 44 (32-57) 39 (28-52) 83 (72-91)

Zhejiang (R) 50 (34-66) 32 (19-49) 82 (66-92)

Hunan (R) 36 (23-51) 40 (27-56) 76 (61-87)
Age at risk
(years)

40-49 54 (38-69) 43 (29-59) 97 (86-100)

50-59 31 (23-40) 50 (41-59) 81 (72-87)

60-69 38 (30-47) 45 (37-54) 83 (75-89)

70-79 34 (24-45) 45 (35-57) 79 (69-87)
Sex

Male 38 (31-45) 46 (38-53) 83 (77-88)

female 36 (29-43) 47 (40-54) 83 (76-88)
Overall 37 (32-42) 46 (41-51) 83 (79-87)

* Percentage of CKB study diagnoses of ischaemic stroke in the adjudication sub-study, adjudicated as:
ischaemic stroke (A); Cerebral infarction CT/MRI (B); or cerebral infarction (i.e. all events with CT/MRI
evidence of cerebral infarction [A+B]).

" Evidence of cerebral infarct from CT/MRI report without sufficient clinical evidence of signs/symptoms of
stroke documented during admission.

i (U)=urban area, (R)=rural area.

$ There was one event selected for Gansu and it was adjudicated as ischaemic stroke.
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Table C.9: Adjudication sub-study: comparison of CK B data diagnoses and the adjudicated diagnoses in 3 62 stroke events
known to have been imaged by CT/MRI scan

Analysis restricted to stroke events used in subsequent prospective analyses. Excludes 48 events with a different discharge diagnosis in the medical notes to
the CKB study.

Adjudicated diagnosis, number of events (% total)

+

Stroke pathological type Equivocal Not stroke
Unspecified
Cerebral stroke
CKB study Ischaemic Intracerebral infarction pathological Old Insufficient
diagnosis stroke haemorrhage  SAH CT/MRI type stroke  information TIA Other Total
Ischaemic 123 (39) 1 (0) 0 (0) 152 (48) 3 (1) 17 (5) 15 (5) 1 (<1) 2 (1) 314
stroke
Intracerebral 0 (0) 45 (98) 0 (0 0 (0) 1 (2 0 (0 0 (0) 0 (0) 0 (0 46
haemorrhage
Subarachnoid 0 (0) 0 (0) 6 (75) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (25) 8
haemorrhage
Unspecified 0 () 0 () 0 (v 0 () 0 () 0 (v 0 () 0 () 0 () 0

stroke type

* The positive predictive value of CKB study diagnosis for stroke pathological type.

" Insufficient evidence to verify or refute diagnosis of the stroke pathological type. Cerebral infarction CT/MRI: evidence of cerebral infarction from CT/MRI report
without sufficient clinical evidence of signs/symptoms of stroke documented during admission. Unspecified stroke type: evidence of signs/symptoms of stroke
without sufficient evidence from CT/MRI to diagnose pathological type. Old stroke: notes report old stroke without sufficient evidence of event to diagnose stroke or
sufficient evidence from CT/MRI scan. Insufficient information: insufficient clinical information to allow adjudication.

SAH = subarachnoid haemorrhage.

TIA = transient ischaemic attack.

‘- = not calculable.
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Table D.1: Associations of stroke incidence with ag
area, by main stroke pathological types (among 455

e, sex, education and
438 participants)

Hazard ratios (HR) with floating absolute risk, adjusted for age at risk, sex, education and area
(where appropriate)

Baseline level of

Cerebral infarction
(4 513 events)

Intracerebral haemorrhage
(1 071 events)

variables Events HR  (95%Cl) Events HR  (95%Cl)
Age at baseline,
years
40-49 542 1.00 (0.91-1.09) 171 1.00 (0.85-1.18)
50-59 1396 2.68 (2.54-2.83) 320 155 (1.39-1.73)
60-69 1620 5.72 (5.45-6.00) 355 3.11 (2.81-3.45)
70-79 901 8.96 (8.35-9.62) 210 5.61 (4.85-6.49)
Sex
Male 2246 1.00 (-) 608 1.00 (-)
Female 2267 0.76 (0.71-0.80) 463 0.56 (0.49-0.64)
Educational level
No formal 1029 1.00 (0.92-1.08) 317 1.00 (0.87-1.15)
Primary school 1640 0.96 (0.91-1.01) 505 0.94 (0.86-1.03)
Middle school 1005 0.94 (0.88-1.00) 169 0.71 (0.60-0.84)
High school 546 0.85 (0.78-0.93) 61 0.52 (0.40-0.69)
Tech./Coll./Uni. 293 0.77 (0.68-0.88) 19 0.50 (0.31-0.80)
Area*
Harbin (U) 1305 3.08 (2.87-3.29) 63 0.56 (0.43-0.74)
Haikou (U) 136 0.51 (0.43-0.60) 8 0.11 (0.05-0.21)
Suzhou (U) 132 0.27 (0.23-0.32) 33 0.21 (0.15-0.30)
Liuzhou (U) 297 0.68 (0.61-0.77) 30 0.25 (0.18-0.37)
Sichuan (R) 156 0.32 (0.27-0.37) 257 1.67 (1.47-1.88)
Gansu (R) 112 0.30 (0.25-0.36) 68 0.55 (0.43-0.70)
Henan (R) 1320 2.68 (2.54-2.83) 288 1.87 (1.67-2.10)
Zhejiang (R) 523 0.91 (0.83-0.99) 155 0.81 (0.69-0.96)
Hunan (R) 532 1.00 (0.92-1.09) 169 1.00 (0.86-1.17)

* (U)=urban area, (R)=rural area.
‘-’ = not calculable.
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Figure D.1: Associations of cerebral infarction (4 513 events) with measures
of adiposity at baseline (among 455 438 participant  s)

Dashed lines (----) adjusted for age at risk, sex, education, smoking and area; solid lines ( —)
adjusted for age at risk, sex, education, smoking, area and other adiposity measures.*
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* Blood pressure means by quintiles of BMI were further adjusted for hip circumference and waist
circumference; means by quintiles of hip circumference were further adjusted for BMI and waist
circumference; means by quintiles of waist circumference were further adjusted for BMI and waist
circumference; and means by quintiles of waist-hip ratio were further adjusted for BMI, hip
circumference and waist circumference.
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Figure D.2: Associations of intracerebral haemorrha  ge (1 071 events) with
measures of adiposity at baseline (among 455 438 pa  rticipants)

Dashed lines (----) adjusted for age at risk, sex, education, smoking and area; solid lines ( —)
adjusted for age at risk, sex, education, smoking, area and other adiposity measures.*
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*Blood pressure means by levels of BMI were further adjusted for hip circumference and waist
circumference; means by levels of hip circumference were further adjusted for BMI and waist
circumference; means by levels of waist circumference were further adjusted for BMI and waist
circumference; and means by levels of waist-hip ratio were further adjusted for BMI, hip
circumference and waist circumference.
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Table D.2: Associations of stroke incidence with me asures of adiposity at
baseline, by main stroke pathological types (among 455 438 participants)

Hazard ratios (HR) with floating absolute risk, adjusted for age at risk, sex, education, smoking and
area.

Cerebral infarction Intracerebral haemorrhage
Baseline level of (4 513 events) (1 071 events)
variables Events HR  (95%Cl) Events HR  (95%Cl)
BMI, (kg/m?)
14.0 - <20.8 625 1.00 (0.92-1.08) 262 1.00 (0.88-1.13)
20.8-<22.6 740 1.39 (1.29-1.49) 202 0.98 (0.85-1.13)
22.6 - <24.3 824 1.44 (1.34-1.54) 200 1.02 (0.89-1.17)
24.3 - <26.4 1027 1.67 (1.57-1.78) 202 1.08 (0.94-1.24)
26.4 —40.0 1297 193 (1.83-2.05) 205 1.16 (1.00-1.33)
Waist circumference (cm)
50.0 - <71.6 559 1.00 (0.92-1.09) 226 1.00 (0.87-1.14)
71.6 - <77.0 682 1.21 (1.12-1.30) 204 0.96 (0.83-1.10)
77.0-<82.1 848 1.37 (1.28-1.46) 204 0.98 (0.85-1.12)
82.1 - <88.2 1020 150 (1.41-1.60) 211  1.05 (0.92-1.20)
88.2 - 125.0 1404 1.79 (1.70-1.89) 226 1.12 (0.98-1.28)
Hip circumference, (cm)
60.0 - <85.1 747 1.00 (0.93-1.08) 356 1.00 (0.89-1.12)
85.1 - <88.8 740 1.16 (1.08-1.25) 198 0.81 (0.71-0.93)
88.8 - <92.1 772 119 (1.11-1.28) 185 0.88 (0.76-1.01)
92.1-<96.2 905 1.35 (1.27-1.44) 180 1.01 (0.87-1.17)
96.2 - 129.0 1349 151 (1.42-1.60) 152  0.90 (0.76-1.07)
Waist-hip ratio (%)
59.6 - <82.5 612 1.00 (0.92-1.09) 156 1.00 (0.85-1.18)
82.5-<86.5 760 1.24 (1.16-1.34) 155 0.89 (0.76-1.04)
86.5 - <89.5 727 134 (1.25-1.45) 168  0.99 (0.85-1.15)
89.5 - <93.5 1214 1.47 (1.39-1.56) 308 1.22 (1.09-1.37)
93.5-125.4 1200 1.77 (1.67-1.88) 284 1.24 (1.10-1.40)
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Table D.3: Associations of stroke incidence with me asures of adiposity at
baseline, additionally adjusted for other measures of adiposity (among
455 438 participants)

Hazard ratios (HR) with floating absolute risk, adjusted for age at risk, sex, education, smoking, area
and other adiposity measures.*

Cerebral infarction Intracerebral haemorrhage
Baseline level of (4 513 events) (1 071 events)
variables Events HR  (95%Cl) Events HR  (95%Cl)
BMI, (kg/m?)
14.0 - <20.8 625 1.00  (0.89-1.13) 262 1.00  (0.82-1.22)
20.8 - <22.6 740 139  (1.27-1.51) 202 1.05  (0.90-1.23)
22.6 -<24.3 824 1.43 (1.34-1.53) 200 1.13 (0.98-1.29)
24.3-<26.4 1027 1.66 (1.55-1.77) 202 1.21 (1.03-1.43)
26.4 —40.0 1297 1.88  (1.72-2.05) 205 1.34  (1.07-1.67)
Waist circumference (cm)
50.0 - <71.6 559 1.00 (0.90-1.11) 226 1.00 (0.84-1.19)
71.6 - <77.0 682 0.96  (0.88-1.04) 204 0.74  (0.63-0.85)
77.0-<82.1 848 0.86  (0.80-0.92) 204 0.72  (0.63-0.83)
82.1 - <88.2 1020 0.85 (0.80-0.91) 211 0.75 (0.64-0.89)
88.2 - 125.0 1404 0.80 (0.73-0.87) 226 0.60 (0.48-0.76)
Hip circumference, (cm
60.0 - <85.1 747  1.00 (0.88-1.13) 356 1.00 (0.81-1.23)
85.1 - <88.8 740 1.07  (0.98-1.17) 198 1.00  (0.86-1.18)
88.8 - <92.1 772 113 (1.06-1.21) 185 1.06  (0.92-1.21)
92.1-<96.2 905 1.18 (1.10-1.26) 180 1.13 (0.97-1.33)
96.2 - 129.0 1349 1.32 (1.20-1.44) 152 1.22 (0.98-1.52)
Waist-hip ratio (%)
59.6 - <82.5 612 1.00 (0.91-1.10) 156 1.00 (0.83-1.20)
82.5-<86.5 760 1.13 (1.05-1.22) 155 0.90 (0.77-1.06)
86.5 - <89.5 727 116  (1.08-1.25) 168 1.02  (0.88-1.19)
89.5 - <93.5 1214 120  (1.13-1.27) 308 1.27  (1.14-1.42)
93.5-125.4 1200 1.34 (1.25-1.43) 284 1.30 (1.13-1.49)

* Blood pressure means by levels of BMI were further adjusted for hip circumference and waist
circumference; means by levels of hip circumference were further adjusted for BMI and waist
circumference; means by levels of waist circumference were further adjusted for BMI and waist
circumference; and means by levels of waist-hip ratio were further adjusted for BMI, hip
circumference and waist circumference.
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Table D.4: Associations of stroke

baseline, by main stroke pathological types (among

incidence with di

etary variables at

455 438 participants)

Hazard ratios (HR) with floating absolute risk, adjusted for age at risk, sex, education and area.

Baseline level of

Cerebral infarction
(4 513 events)

Intracerebral haemorrhage
(1 071 events)

variables Events HR  (95%Cl) Events HR  (95%Cl)
Fresh fruit
consumption
Never/rarely 466 1.00 (0.91-1.10) 157 1.00 (0.85-1.18)
Monthly 1727 0.98 (0.92-1.04) 505 0.77 (0.70-0.84)
1-3 days/wk 1173 0.95 (0.90-1.01) 293 0.67 (0.60-0.75)
4-6 days/wk 294 0.97 (0.87-1.09) 59 0.64 (0.49-0.83)
Daily 853 0.90 (0.83-0.98) 57 0.43 (0.32-0.58)
Fresh vegetable
consumption
Not daily 132 1.00 (-) 43 1.00 ()
Daily 4381 1.05 (0.87-1.26) 1028 1.03 (0.75-1.42)
Tea intake
Never/rarely 2192 1.00 (0.95-1.05) 449 1.00 (0.89-1.13)
Occasional 1009 0.95 (0.89-1.00) 262 0.82 (0.73-0.92)
Monthly 139 1.00 (0.85-1.18) 26 0.67 (0.46-0.99)
Weekly/daily 1173 1.03 (0.96-1.11) 334 0.75 (0.65-0.86)

‘-’ = not calculable.

220



Figure D.3: Associations of stroke incidence with a Icohol intake at baseline, by main stroke pathologi cal
types (among 455 438 participants)

Hazard ratios relative to never drinkers, adjusted for age at risk, sex, education, smoking and area.
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Figure D.4: Associations of stroke incidence with m
types (among 455 438 participants)

onth of baseline survey, by main stroke pathologica

Hazard ratios relative to month of baseline survey in Jan/Feb, adjusted for age at risk, sex, education and area.
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Table D.5: Associations of stroke incidence with al cohol intake at baseline
and month of baseline survey, by stroke pathologica | type (among 455 438
participants)

Hazard ratios (HR) with floating absolute risk, adjusted for age at risk, sex, education and area.

Cerebral infarction Intracerebral haemorrhage
Baseline level of (4 513 events) (1 071 events)
variables Events HR  (95%CI) Events HR  (95%ClI)
Alcohol intake*
Never 1836 1.00 (0.94-1.06) 430 1.00 (0.88-1.13)
Ex-weekly 151 1.52 (1.29-1.79) 43 1.13 (0.83-1.53)
Reduced-intake 146 1.01 (0.85-1.19) 46 1.18 (0.88-1.58)
Occasional 1477 0.80 (0.76-0.85) 287 0.79 (0.70-0.89)
Monthly drinker 145 0.75 (0.63-0.88) 31 0.79 (0.56-1.13)
Weekly: <70g/wk 150 0.79 (0.67-0.93) 31 0.95 (0.67-1.36)
Weekly: <140g/wk 160 0.87 (0.74-1.02) 37 1.04 (0.75-1.44)
Weekly: <210g/wk 93 0.91 (0.74-1.12) 20 0.87 (0.56-1.35)
Weekly: >210g/wk 355 1.07 (0.95-1.19) 146 1.31 (1.09-1.57)
Month of baseline
survey
January/February 414 1.00 (0.91-1.10) 111 1.00 (0.83-1.21)
March 502 1.07 (0.98-1.17) 131 1.02 (0.86-1.21)
April 508 1.12 (1.03-1.22) 124 0.96 (0.80-1.14)
May 537 1.24 (1.14-1.35) 112 0.93 (0.78-1.12)
June 400 0.99 (0.89-1.09) 101 0.88 (0.72-1.07)
July 419 1.05 (0.95-1.15) 76 0.73 (0.58-0.91)
August 340 0.98 (0.88-1.09) 90 0.96 (0.78-1.18)
September 313 0.96 (0.86-1.07) 64 0.71 (0.56-0.91)
October 333 0.92 (0.82-1.02) 90 0.91 (0.74-1.12)
November 365 1.13 (1.02-1.25) 84 1.01 (0.82-1.26)
December 382 1.06 (0.96-1.18) 88 0.96 (0.78-1.19)

* Further adjusted for smoking.
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Table D.6: Associations of stroke incidence with ot
by main stroke pathological types (among 455 438 pa

her variables at baseline,

rticipants)

Hazard ratios (HR) with floating absolute risk, adjusted for age at risk, sex, education and area.

Baseline level of

Cerebral infarction
(4 513 events)

Intracerebral haemorrhage
(1 071 events)

variables

Events HR (95%Cl) Events HR (95%CI)
Physical activity
quintiles (MET
hours/day)*
0.0-<144 1811 1.00 (0.95-1.05) 355 1.00 (0.89-1.13)
14.4 - <19.7 1204 0.94 (0.89-1.00) 252 0.88 (0.78-1.00)
19.7 - <26.8 692 0.88 (0.81-0.95) 193 0.77 (0.67-0.89)
26.8 - <38.0 436 0.83 (0.75-0.91) 132 0.62 (0.52-0.74)
38.0-139.5 370 0.71 (0.63-0.79) 139 0.74 (0.62-0.88)
Smoking"
Never 2413 1.00 (0.92-1.08) 491 1.00 (0.84-1.18)
Occasional 255 0.98 (0.87-1.11) 77 0.96 (0.77-1.20)
Ex-regular 440 1.05 (0.95-1.15) 109 0.97 (0.80-1.17)
Current 1405 1.22 (1.15-1.29) 394 0.93 (0.83-1.04)
History of diabetes”
No 3997 1.00 () 996 1.00 (-)
Yes 516 1.64 (1.49-1.80) 75 142 (1.12-1.81)
Taking blood
pressure lowering
medication*
No 4054 1.00 (-) 959 1.00 (-)
Yes 459 1.80 (1.63-1.99) 112 2.56 (2.08-3.14)

* Mean of quintiles: 10.6, 17.0, 22.9, 32.1, 47.6 MET hours/day.

" Further adjusted for alcohol .

* Further adjusted for adiposity (BMI, waist circum. and hip circum. where appropriate).

S Further adjusted for adiposity (BMI, waist circumference, hip circumference), physical activity
(METS), alcohol intake, diabetes, fresh fruit consumption and fresh vegetable consumption.

‘-’ = not calculable.
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Table D.7: Associations of stroke incidence with me
baseline, extensively adjusted (among 455 438 parti

cipants)

asures of adiposity at

Hazard ratios (HR) with floating absolute risk, adjusted for age at risk, sex, education, smoking, area
and adiposity;* and other selected variables (MET hrs/day, alcohol intake, tea intake, fresh fruit
consumption, fresh vegetable consumption, smoking, month of baseline survey and history of
diabetes) except where the variable is on the causal pathway between exposure and blood pressure,

see Figure 1.3.

Baseline level of

Cerebral infarction

(4 513 events)

Intracerebral haemorrhage

(1 071 events)

variables Events HR (95%Cl) Events HR (95%CI)
BMI, (kg/m?)
14.0 - <20.8 625 1.00 (0.89-1.13) 262 1.00 (0.82-1.22)
20.8 - <22.6 740 1.38 (1.27-1.51) 202 1.05 (0.90-1.23)
22.6 - <24.3 824 1.43 (1.34-1.53) 200 1.14 (0.99-1.30)
24.3 - <26.4 1027 165 (1.54-1.77) 202 1.23 (1.05-1.45)
26.4-40.0 1297 186 (1.70-2.04) 205 1.37 (1.10-1.70)
Waist circumference (cm)
50.0 - <71.6 559 1.00 (0.90-1.11) 226 1.00 (0.84-1.19)
716 -<77.0 682 0.95 (0.88-1.03) 204 0.75 (0.64-0.87)
77.0-<82.1 848 0.85 (0.79-0.91) 204 0.74 (0.64-0.85)
82.1-<88.2 1020 0.84 (0.78-0.90) 211 0.77 (0.65-0.91)
88.2-125.0 1404 0.78 (0.71-0.85) 226 0.62 (0.49-0.78)
Hip circumference, (cm
60.0 - <85.1 747 1.00 (0.88-1.13) 356 1.00 (0.81-1.23)
85.1 - <88.8 740 1.08 (0.99-1.18) 198 1.00 (0.86-1.18)
88.8 - <92.1 772 1.15 (1.07-1.23) 185 1.05 (0.92-1.20)
92.1 - <96.2 905 1.21 (1.13-1.29) 180 1.13 (0.96-1.33)
96.2 - 129.0 1349 136 (1.24-1.49) 152 1.21 (0.97-1.51)
Waist-hip ratio (%)
59.6 - <82.5 612 1.00 (0.91-1.10) 156 1.00 (0.83-1.20)
82.5-<86.5 760 1.15 (1.06-1.23) 155 0.91 (0.77-1.07)
86.5 - <89.5 727 1.18 (1.10-1.27) 168 1.02 (0.88-1.19)
89.5- <935 1214 1.23 (1.16-1.30) 308 1.27 (1.14-1.42)
93.5-125.4 1200 1.38 (1.29-1.48) 284 129 (1.12-1.48)

* Blood pressure means by levels of BMI were further adjusted for hip circumference and waist
circumference; means by levels of hip circumference were further adjusted for BMI and waist
circumference; means by levels of waist circumference were further adjusted for BMI and waist
circumference; and means by levels of waist-hip ratio were further adjusted for BMI, hip circumference

and waist circumference.
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Table D.8: Associations of stroke incidence with di etary variables at baseline,
extensively adjusted (among 455 438 participants)

Hazard ratios (HR) with floating absolute risk, adjusted for age at risk, sex, education, smoking and
area; and other selected variables (BMI, hip circumference, waist circumference, MET hrs/day,
alcohol intake, tea intake, fresh fruit consumption, fresh vegetable consumption, month of baseline
survey and history of diabetes) except where the variable is on the causal pathway between
exposure and blood pressure, see Figure 1.3.

Cerebral infarction Intracerebral haemorrhage
Baseline level of (4 513 events) (1 071 events)
variables Events HR  (95%Cl) Events HR  (95%Cl)
Fresh fruit
consumption
Never/rarely 466 1.00 (0.91-1.10) 157 1.00 (0.85-1.18)
Monthly 1727 1.04 (0.98-1.10) 505 0.81 (0.74-0.89)
1-3 days/wk 1173 1.01 (0.95-1.07) 293 0.71 (0.63-0.80)
4-6 days/wk 294 1.04 (0.92-1.17) 59 0.68 (0.53-0.89)
Daily 853 0.98 (0.90-1.07) 57 0.46 (0.35-0.62)
Fresh vegetable
consumption
Not daily 132 1.00 () 43 1.00 (-)
Daily 4381 1.06 (0.88-1.27) 1028 1.06 (0.77-1.47)
Tea intake
Never/rarely 2192 1.00 (0.95-1.06) 449 1.00 (0.88-1.13)
Occasional 1009 0.95 (0.90-1.01) 262 0.84 (0.75-0.95)
Monthly 139 0.98 (0.83-1.15) 26 0.67 (0.45-0.98)
Weekly/daily 1173 0.98 (0.91-1.06) 334 0.74 (0.64-0.85)

‘-’ = not calculable.
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Table D.9: Associations of stroke incidence with al cohol intake at baseline and
month of baseline survey, extensively adjusted (amo ng 455 438 participants)

Hazard ratios (HR) with floating absolute risk, adjusted for age at risk, sex, education, smoking and
area; and other selected variables (BMI, hip circumference, waist circumference, MET hrs/day,
alcohol intake, tea intake, fresh fruit consumption, fresh vegetable consumption, month of baseline
survey and history of diabetes) except where the variable is on the causal pathway between
exposure and blood pressure, see Figure 1.3.

Cerebral infarction Intracerebral haemorrhage
Baseline level of (4 513 events) (1 071 events)
variables Events HR  (95%ClI) Events HR  (95%CI)
Alcohol intake
Never 1836 1.00 (0.94-1.06) 430 1.00 (0.88-1.13)
Ex-weekly 151 1.45 (1.23-1.71) 43 1.13 (0.83-1.53)
Reduced-intake 146 0.96 (0.81-1.13) 46 1.23 (0.92-1.65)
Occasional 1477 0.82 (0.78-0.87) 287 0.84 (0.74-0.95)
Monthly drinker 145 0.77 (0.65-0.90) 31 0.88 (0.62-1.26)
Weekly: <70g/wk 150 0.80 (0.68-0.95) 31 1.05 (0.73-1.49)
Weekly: <140g/wk 160 0.87 (0.75-1.03) 37 1.10 (0.80-1.53)
Weekly: <210g/wk 93 0.90 (0.73-1.11) 20 0.93 (0.60-1.44)
Weekly: >210g/wk 355 1.05 (0.94-1.18) 146 1.38 (1.15-1.66)
Month of baseline
survey
January/February 414 1.00 (0.91-1.10) 111 1.00 (0.83-1.21)
March 502 1.07 (0.98-1.17) 131 1.02 (0.86-1.21)
April 508 1.12 (1.03-1.22) 124 0.96 (0.81-1.15)
May 537 1.22 (1.12-1.33) 112 0.92 (0.77-1.11)
June 400 0.96 (0.87-1.06) 101 0.86 (0.71-1.05)
July 419 1.03 (0.93-1.13) 76 0.71 (0.57-0.89)
August 340 0.96 (0.86-1.07) 90 0.93 (0.76-1.15)
September 313 0.94 (0.84-1.05) 64 0.70 (0.55-0.89)
October 333 0.91 (0.81-1.01) 90 0.89 (0.72-1.09)
November 365 1.11 (1.00-1.24) 84 1.01 (0.81-1.25)
December 382 1.05 (0.95-1.17) 88 0.96 (0.77-1.18)
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Table D.10: Associations of stroke incidence with o ther variables at baseline,
extensively adjusted (among 455 438 participants)

Hazard ratios (HR) with floating absolute risk, adjusted for age at risk, sex, education, smoking and
area; and other selected variables (BMI, hip circumference, waist circumference, MET hrs/day, alcohol
intake, tea intake, fresh fruit consumption, fresh vegetable consumption, month of baseline survey and
history of diabetes) except where the variable is on the causal pathway between exposure and blood
pressure, see Figure 1.3.

Cerebral infarction Intracerebral haemorrhage
Baseline level of (4 513 events) (1 071 events)
variables Events HR  (95%Cl) Events HR  (95%CI)
Physical activity
quintiles (MET
hours/day)*
0.0-<14.4 1811 1.00 (0.95-1.05) 355 1.00 (0.89-1.13)
14.4 - <19.7 1204 0.95 (0.89-1.00) 252 0.89 (0.79-1.01)
19.7 - <26.8 692 0.89 (0.82-0.96) 193 0.78 (0.68-0.90)
26.8 - <38.0 436 0.84 (0.76-0.92) 132 0.62 (0.52-0.75)
38.0-139.5 370 0.71 (0.64-0.80) 139 0.75 (0.62-0.89)
Smoking
Never 2413 1.00 (0.92-1.08) 491 1.00 (0.85-1.18)
Occasional 255 0.98 (0.87-1.11) 77 0.95 (0.76-1.19)
Ex-regular 440 1.02 (0.93-1.12) 109 0.98 (0.81-1.18)
Current 1405 1.30 (1.23-1.38) 394 0.95 (0.85-1.06)
History of diabetes
No 3997 1.00 () 996 1.00 ()
Yes 516 159 (1.44-1.75) 75 1.34 (1.05-1.70)
Taking blood
pressure lowering
medication’
No 4054 100 () 959 1.00 (-)
Yes 459 1.80 (1.63-1.99) 112 259 (2.11-3.18)

* Mean of quintiles: 10.6, 17.0, 22.9, 32.1, 47.6 MET hours/day.
T Adjusted for all other selected variables.
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Appendix E: CKB additional results: prospective an alyses (Il)
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Table E.1: Cerebral infarction incidence (4513 even

10 mm Hg higher baseline SBP and 5 mm Hg higher bas
progressively adjusted for major potential confound

participants)

ts): hazard ratios for
eline DBP,
ers (among 455 438

Potential confounders

included in model

SBP

DBP

HR (95%CI)

HR (95%Cl)

Age, sex and area

Plus education

Plus month baseline survey
Plus smoking

Plus alcohol intake

Plus body-mass index

Plus waist and hip circum.

Plus physical activity

Plus history of diabetes

Plus intake of fruit, veg. and tea

Plus blood pressure-lowering

medication

1.24
1.24
1.24
1.25
1.24
1.23
1.23
1.23
1.23
1.23
1.22

(1.23-1.26)
(1.23-1.26)
(1.23-1.26)
(1.23-1.26)
(1.23-1.26)
(1.22-1.25)
(1.22-1.25)
(1.22-1.25)
(1.21-1.24)
(1.21-1.24)
(1.21-1.24)

1.22
1.22
1.22
1.22
1.22
1.21
1.21
1.21
1.21
1.21
1.20

(1.21-1.24)
(1.21-1.24)
(1.21-1.24)
(1.21-1.24)
(1.21-1.24)
(1.20-1.23)
(1.19-1.22)
(1.19-1.22)
(1.19-1.22)
(1.19-1.23)
(1.19-1.22)
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Table E.2: Intracerebral haemorrhage incidence (107
ratios for 10 mm Hg higher baseline SBP and 5 mm Hg

DBP, progressively adjusted for major potential con

438 participants)

1 events): hazard

higher baseline

founders (among 455

Potential confounders

included in model

SBP

DBP

HR (95%CI)

HR (95%Cl)

Age, sex and area

Plus education

Plus month baseline survey
Plus smoking

Plus alcohol intake

Plus body-mass index

Plus waist and hip circum.

Plus physical activity

Plus history of diabetes

Plus intake of fruit, veg. and tea

Plus blood pressure- lowering

medication

1.40
1.40
141
141
1.40
1.42
1.42
141
141
141
1.40

(1.37-1.43)
(1.37-1.43)
(1.38-1.44)
(1.38-1.44)
(1.37-1.44)
(1.39-1.45)
(1.38-1.45)
(1.38-1.45)
(1.38-1.45)
(1.38-1.44)
(1.37-1.43)

1.40
1.40
141
141
141
1.42
1.42
1.42
1.42
1.41
1.40

(1.37-1.44)
(1.37-1.44)
(1.38-1.44)
(1.38-1.44)
(1.38-1.44)
(1.39-1.45)
(1.39-1.45)
(1.38-1.45)
(1.38-1.45)
(1.38-1.45)
(1.37-1.44)
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Figure E.1: Male: cerebral infarction incidence (22 46 events): hazard ratios for
10 mm Hg higher usual SBP, by potential effect modi  fiers (among 184 949
male participants)

Hazard ratios (HR) adjusted for age at risk, education and area (where appropriate). Each closed
square represents HR with area inversely proportional to the variance of the log HR. The dotted
vertical line indicates the overall HR and the open diamond indicates the 95% CI of the overall result.

Mean age No. of
Risk factor at event events Hazard Ratio (95%ClI)
Alcohol intake*
Never 68 498 —sl 1.52(1.43-1.61)
Occassional 64 652 — 1.46 (1.37 - 1.55)
Weekly 63 708 — 1.68 (1.59-1.78)

Heterogeneity test: x22 =11.8 (p=0.003)

I

I

I

I

I

l
Smokingt :
Never 67 325 _'_i 1.39(1.27-1.52)
Current 63 1304 :'.' 164 (1.58-1.71)
Heterogeneity test: x21 =11.6 (p<0.001) :

I
BMI, kg/m? i
<22 66 675 - 1.57 (1.49 - 1.66)
<25 65 742 't'_ 1.60(1.51-1.70)
>25 63 829 —= 1.48 (1.40 - 1.56)

Trend test: le =2.3 (p=0.1)

|
|
|
|
l
|
<20 67 1355 + 1.55 (1.49 - 1.61)
&

MET, hrs/day
<30 62 530 . 1.56 (1.47 - 1.66)
>30 60 361 —— 1.58 (1.46 - 1.70)

Trend test: le =0.2 (p=0.7)

Area
Urban 65 852 +| 1.44 (1.37 -1.51)
Rural 64 1394 :"‘ 1.64 (1.58-1.71)
Heterogeneity test: x21 =16.5 (p<0.001) :

|
Overall 65 2246 é 156 (1.51-1.61)
—l-95% Cl ' | | !

0.8 1.0 1.5 20 25 30

<95%Cl Hazard Ratio (95% Cl)

* Additionally adjusted for smoking (excludes strokes in ex-weekly, reduced-intake and monthly groups).
T Additionally adjusted for alcohol intake (excludes strokes in occasional and ex-regular groups).
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Figure E.2: Female: cerebral infarction incidence ( 2267 events): hazard ratios
for 10 mm Hg higher usual SBP, by potential effect modifiers (among 270 489
female participants)

Hazard ratios (HR) adjusted for age at risk, education and area (where appropriate). Each closed
square represents HR with area inversely proportional to the variance of the log HR. The dotted
vertical line indicates the overall HR and the open diamond indicates the 95% CI of the overall result.

Mean age No. of

Risk factor at event events Hazard Ratio (95%Cl)
Alcohol intake*
Never 65 1338 - 1.36(1.31-1.41)
Occassional 62 825 + 142 (1.36-1.48)
Weekly 65 49 i 1.73(1.38-2.17)
Heterogeneity test: x22 =5.9 (p=0.05) :

|

|
Smokingt :

|
Never 63 2088 f 1.41 (1.37 -1.45)
Current 68 101 T 1.35(1.18 -1.55)
Heterogeneity test: x21 =0.4 (p=0.5) :

|

|
BMI, kg/m2 !
<22 65 491 1= 1.51(1.43-1.60)
<25 63 745 - 1.42 (1.35-1.49)
225 63 1031 - 1.33(1.28-1.39)
Trend test: x21 =13.1 (p<0.001) :

|

|
MET, hrs/day !
<20 66 1117 - 1.37(1.32-1.42)
<30 63 810 + 1.40 (1.34 - 1.47)
230 59 340 - 151(1.42-1.61)

|
Trend test: x21 =6.1 (p=0.01) :

|

|
Area !
Urban 65 1018 "‘: 1.31(1.26-1.37)
Rural 62 1249 :' 1.49 (1.44 - 1.55)
Heterogeneity test: le =20.3 (p<0.001) :

|
Overall 64 2267 ¢ 1.41 (1.37 -1.45)
—l-95%Cl ' . . L

0.8 1.0 1.5 20 25 3.0

<9gs%Cl Hazard Ratio (95% Cl)

* Additionally adjusted for smoking (excludes strokes in ex-weekly, reduced-intake and monthly groups).
T Additionally adjusted for alcohol intake (excludes strokes in occasional and ex-regular groups).
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Figure E.3: Overall: cerebral infarction incidence (4513 events): hazard ratios
for 5 mm Hg higher usual DBP, by set (I) of potenti  al effect modifiers (among
455 438 participants)

Hazard ratios (HR) adjusted for age at risk, sex, education and area (where appropriate). Each
closed square represents HR with area inversely proportional to the variance of the log HR. The
dotted vertical line indicates the overall HR and the open diamond indicates the 95% CI of the
overall result.

Mean age No. of

Risk factor at event events Hazard Ratio (95% CI)
Sex
Male 65 2246 F 1.46 (1.42 - 1.50)
Female 64 2267 =| 1.38(1.34 - 1.42)
Heterogeneity test: X 1= 7.7 (p=0.006) :

|

|
Area |
Urban 63 1870 u : 1.30(1.26 - 1.35)
Rural 65 2643 :H 1.51 (1.47 - 1.55)
Heterogeneity test: )(21: 45.5 (p<0.001) :

|
Alcohol intake* :
Never 65 1836 =| 1.38 (1.34 - 1.42)
Occassional 63 1477 '.I 1.39(1.34- 1.44)
Weeky 63 757 | & 1.60 (1.52 - 1.68)
Heterogeneity test: )(22: 26.9 (p<0.001) :

|
Smokingt :
Never 64 2413 = 1.38(1.34- 1.42)
Current 63 1405 :l 1.49 (1.44 - 1.55)
Heterogeneity test: x21: 10.3 (p=0.001) :

]
Overall 64 4513 ¢ 1.42 (1.39- 1.45)
—- 950 CI ' ' —

08 10 15 20 25 30

<>o95% Cl Hazard Ratio (95% CI)

* Additionally adjusted for smoking (excludes strokes in ex-weekly, reduced-intake and monthly groups).
T Additionally adjusted for alcohol intake (excludes strokes in occasional and ex-regular groups).
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Figure E.4: Overall: cerebral infarction incidence (4513 events): hazard ratios
for 5 mm Hg higher usual DBP, by set (ll) of potent ial effect modifiers
(among 455 438 participants)

Hazard ratios (HR) adjusted for age at risk, sex, education and area. Each closed square
represents HR with area inversely proportional to the variance of the log HR. The dotted vertical
line indicates the overall HR and the open diamond indicates the 95% CI of the overall result.

Mean age No. of
Risk factor at event events Hazard Ratio (95% CI)
BMI, kg/m2
<22 66 1166 Hit 150 (1.44 - 1.56)
<25 64 1487 * 1.41(1.36 - 1.46)
225 63 1860 = 1.34(1.29- 1.39)

Trend test: )(21: 16.3 (p<0.001)

|

|

|

|
MET, hrs/day :
<20 66 2472 1 1.39(1.35- 1.43)
<30 62 1340 143 (1.38 - 1.49)
=30 59 701 :'.' 151 (1.44 - 1.59)
Trend test: )(21: 7.8 (p=0.005) |

|
Diabetes I
No 64 3997 H 144 (1.41- 1.47)
Yes 65 516 —a— | 122(1.14-131)
Heterogeneity test: )(21: 20.1 (p<0.001) :

|
BP medication :
No 64 4054 q 142 (1.39- 1.45)
Yes 64 459 - 121(1.12-131)
Heterogeneity test: x21: 14.9 (p<0.001) :

|
Fatal event '
No 64 4443 H 1.42 (1.39 - 1.45)
Yes 69 70 _'JI_ 1.37(1.16- 1.62)
Heterogeneity test: x21: 0.2 (p=0.7) :
Overall 64 4513 ¢ 1.42 (1.39 - 1.45)
—-95% ci : ' Lt

08 10 15 20 25 30

<>95% CI Hazard Ratio (95% Cl)
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Figure E.5: Male: cerebral infarction incidence (22 46 events): hazard ratios
for 5 mm Hg usual DBP, by potential effect modifier s (among 184 949 male
participants)

Hazard ratios (HR) adjusted for age at risk, education and area (where appropriate). Each closed
square represents HR with area inversely proportional to the variance of the log HR. The dotted
vertical line indicates the overall HR and the open diamond indicates the 95% CI of the overall
result.

Mean age No. of

Risk factor at event events Hazard Ratio (95% CI)
Alcohol intake* .
Never 68 498 & 1.40 (1.32 - 1.48)
Occassional 64 652 '.JI 1.37 (1.30- 1.45)
Weely 63 708 | 1.60(1.52 - 1.69)
Heterogeneity test: x22= 18.7 (p<0.001) :

|
Smokingt :
Never 67 325 -7 1.35(1.24 - 1.46)
Current 63 1304 I. 151(1.46- 1.57)
Heterogeneity test: x21: 6.1 (p=0.01) |

|

|
BMI, kg/m? |
<22 66 675 He- 153(1.45- 1.62)
<25 65 742 '4' 1.43(1.36- 1.51)
25 63 829 'l': 1.37(1.30- 1.44)
Trend test: x21: 8.2 (p=0.004) |

|

|
MET, hrs/day I
<20 67 1355 L 1.44 (1.39- 1.50)
<30 62 530 +— 1.48(1.39- 1.57)
>30 60 361 ""—I 151(141-1.62)
Trend test: )(21: 1.6 (p=0.2) |

|

|
Area |
Urban 65 852 i': 1.37 (1.31- 1.43)
Rural 64 1394 ,'l 152 (1.47 - 1.58)
Heterogeneity test: x21: 12.8 (p<0.001) :
Overall 65 2246 b 1.46 (1.42 - 1.50)

. 95% Cl| | | | | J
08 10 15 20 25 30

<>95% Ci Hazard Ratio (95% ClI)

* Additionally adjusted for smoking (excludes strokes in ex-weekly, reduced-intake and monthly groups).
T Additionally adjusted for alcohol intake (excludes strokes in occasional and ex-regular groups).

236



Figure E.6: Female: cerebral infarction incidence ( 2267 events): hazard
ratios for 5 mm Hg usual DBP, by potential effect m  odifiers (among 270 489
female participants)

Hazard ratios (HR) adjusted for age at risk, education and area (where appropriate). Each closed
square represents HR with area inversely proportional to the variance of the log HR. The dotted
vertical line indicates the overall HR and the open diamond indicates the 95% CI of the overall
result.

Mean age No. of
Risk factor at event events Hazard Ratio (95% CI)

Alcohol intake*

Never 65 1338 * 1.37(1.32- 1.42)
Occassional 62 825 ‘I.' 1.39 (1.33 - 1.46)
Weely 65 49 ] 1.50(1.22- 1.84)

Heterogeneity test: )(22 =0.9 (p=0.6)

|
|
|
|
Never 63 2088 * 1.38 (1.34 - 1.43)

Smokingt
Current 68 101 —— 1.32(1.16 - 1.51)

Heterogeneity test: )(21 =0.4 (p=0.5)

|

|

|
BMI, kg/m? !
<22 65 491 HE- 1.46 (1.38 - 1.55)
<25 63 745 '+' 1.38 (1.31- 1.45)
225 63 1031 - 1.32(1.26 - 1.39)
Trend test: le =6.7 (p=0.01) :

|
MET, hrs/day :
<20 66 1117 L 1.33(1.28 - 1.39)
<30 63 810 ',h' 1.40 (1.33- 1.47)
=230 59 340 I~ 151 (1.41- 1.62)

Trend test: )(21: 9.6 (p=0.002)

Area
Urban 65 1018 & 1.25(1.20- 1.31)
Rural 62 1249 I = 1.50 (1.44 - 1.56)
Heterogeneity test: x21: 35.9 (p<0.001) |

|
Overall 64 2267 é 1.38(1.34- 1.42)
—-95% ci : : ——

08 10 15 20 25 30

<> 95% Cl Hazard Ratio (95% CI)

* Additionally adjusted for smoking (excludes strokes in ex-weekly, reduced-intake and monthly groups).
T Additionally adjusted for alcohol intake (excludes strokes in occasional and ex-regular groups).
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Figure E.7: Male: intracerebral haemorrhage inciden ce (608 events): hazard
ratios for 10 mm Hg usual SBP, by potential effect modifiers (among 184 949
male participants)

Hazard ratios (HR) adjusted for age at risk, education and area (where appropriate). Each closed
square represents HR with area inversely proportional to the variance of the log HR. The dotted
vertical line indicates the overall HR and the open diamond indicates the 95% CI of the overall
result.

Mean age No. of

Risk factor at event events Hazard Ratio (95% CI)
Alcohol intake*
Never 66 144 — 1.76 (1.59 - 1.95)
Occassional 64 136 — 1.99 (1.77 - 2.23)
Weekly 63 217 — 1.76 (1.59 - 1.94)
Heterogeneity test: )(22 =31 (p=0.2) :

:
Smokingt :
Never 66 81 _— 1.81 (1.54 - 2.13)
Current 63 374 —*:'_ 1.84 (1.71-1.97)
Heterogeneity test: le =0.0 (p=0.9) :

|
BMI, kg/m?2 i
<22 66 264 - 1.87 (1.73-2.02)
<25 64 195 —_ 1.88 (1.70 - 2.08)
>25 61 149 B 1.88 (1.67 - 2.11)
Trend test: le =0.0 (p=1) :

:
MET, hrs/day !
<20 67 324 — 1.66 (1.54 - 1.79)
<30 63 158 —— 1.86 (1.68 - 2.06)
>30 58 126 | ——  2.25(2.01-252)
Trend test: le =19.0 (p<0.001) :

l
Area :
Urban 64 76 —1:— 1.83 (1.59 - 2.11)
Rural 64 532 -:'— 1.90 (1.79 - 2.01)
Heterogeneity test: le =0.2 (p=0.6) :

|
Overall 65 608 O 1.84 (1.75 - 1.94)
—- 959 ci ' L :

0.8 1.0 2.0 3.0

<%l Hazard Ratio (95% CI)

* Additionally adjusted for smoking (excludes ex-weekly, reduced-intake and monthly groups).
T Additionally adjusted for alcohol intake (excludes occasional and ex-regular groups).

238



Figure E.8: Female: intracerebral haemorrhage incid ence (463 events):
hazard ratios for 10 mm Hg usual SBP, by potential effect modifiers (among
270 489 female participants)

Hazard ratios (HR) adjusted for age at risk, education and area (where appropriate). Each closed
square represents HR with area inversely proportional to the variance of the log HR. The dotted
vertical line indicates the overall HR and the open diamond indicates the 95% CI of the overall
result.

Mean age No. of

Risk factor at event events Hazard Ratio (95% CI)
Alcohol intake*
Never 62 286 —=l 1.76 (1.64 - 1.89)
Occassional 60 151 —t— 1.86 (1.70 - 2.03)
Weekly 66 17 : 1.77 (1.27 - 2.46)
Heterogeneity test: )(22 =0.9 (p=0.6) :

:
Smokingt :

|
Never 61 410 TI._ 1.85(1.75 - 1.95)
Current 66 20 : 1.46 (1.08 - 1.97)
Heterogeneity test: le =23 (p=0.1) :

|

|
BMI, kg/m?2 :
<22 65 157 - 1.73 (1.58 - 1.90)
<25 61 132 — 1.79 (1.61 - 1.99)
>25 59 174 | 2.03 (1.86 - 2.22)
Trendtest X', =6.1 (p=0.01) !

l
MET, hrs/day |
<20 65 198 — 1.66 (1.53 - 1.80)
<30 60 158 —— 1.84 (1.68 - 2.01)
=230 58 107 — 1.97 (1.78 - 2.18)
Trendtest: ', =7.1 (p=0.008) :

:

|
Area I

|
Urban 63 58 — T 1.60 (1.37 - 1.87)
Rural 61 405 ol 1.87 (1.77 - 1.98)
Heterogeneitytest: X , =33 (p=0.07) :

|
Overall 62 463 <> 1.81(1.72-1.91)
—- 5% ci ' L :

0.8 1.0 2.0 3.0

<%l Hazard Ratio (95% CI)

* Additionally adjusted for smoking (excludes strokes in ex-weekly, reduced-intake and monthly groups).
T Additionally adjusted for alcohol intake (excludes strokes in occasional and ex-regular groups).
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Figure E.9: Overall: intracerebral haemorrhage inci  dence (1071 events):
hazard ratios for 5 mm Hg usual DBP, by set () of  potential effect modifiers
(among 455 438 participants)

Hazard ratios (HR) adjusted for age at risk, sex, education and area (where appropriate). Each
closed square represents HR with area inversely proportional to the variance of the log HR. The
dotted vertical line indicates the overall HR and the open diamond indicates the 95% CI of the
overall result.

Mean age No. of

Risk factor at event events Hazard Ratio (95% CI)
Sex
Male 64 608 '.I' 1.78 (1.69 - 1.87)
Female 62 463 'I-' 1.85(1.75 - 1.96)
Heterogeneity test: )(21: 1.0 (p=0.3) :

|

|
Area |
Urban 63 134 _':_ 1.73(1.55- 1.93)
Rural 64 937 P‘ 1.86(1.79- 1.94)
Heterogeneity test: x21: 1.5 (p=0.2) :

|
Alcohol intake* :
Never 63 430 "I' 1.79 (1.69 - 1.89)
Occassional 62 287 _|._ 1.86 (1.72 - 2.01)
Weekly 63 234 —-— 1.75 (1.59 - 1.92)
Heterogeneity test: x22: 1.1 (p=0.6) :

|
Smokingt :
Never 61 491 {" 1.89 (1.79 - 2.00)
Current 63 394 -'—: 1.72 (1.62 - 1.83)
Heterogeneity test: x21: 5.0 (p=0.02) :

|
Overall 63 1071 é 1.81(1.75- 1.88)
—- 950 Cl ' : —1—

08 10 15 20 25 30

<>95% cl Hazard Ratio (95% CI)

* Additionally adjusted for smoking (excludes strokes in ex-weekly, reduced-intake and monthly groups).
T Additionally adjusted for alcohol intake (excludes strokes in occasional and ex-regular groups).
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Figure E.10: Overall: intracerebral haemorrhage inc  idence (1071 events):
hazard ratios for 5 mm Hg usual DBP, by set (Il) of  potential effect modifiers
(among 455 438 participants)

Hazard ratios (HR) adjusted for age at risk, sex, education and area. Each closed square
represents HR with area inversely proportional to the variance of the log HR. The dotted vertical
line indicates the overall HR and the open diamond indicates the 95% CI of the overall result.

Mean age No. of

Risk factor at event events Hazard Ratio (95% CI)
BMI, kg/m?
<22 65 421 —n 1.83(1.72- 1.94)
<25 63 327 —'JI 1.70 (1.58 - 1.82)
225 60 323 | —= 2.01(1.87-217)
Trend test: x21: 2.6 (p=0.1) :

|
MET, hrs/day :
<20 66 522 - : 164 (1.55- 1.74)
<30 61 316 ™ 1.92 (1.79 - 2.06)
230 58 233 | —a— 2.01(1.86- 2.18)

Trend test: )(21: 18.9 (p<0.001)

Diabetes
Yes 65 75 — 1.31(1.09- 1.57)

|
|
|
|
|
No 63 996 # 184 (1.77- 1.91)
|
|
Heterogeneity test: lez 12.8 (p<0.001) |
|
|
|

BP medication
No 63 959 f 1.80(1.73- 1.87)
Yes 61 112 - 1.61(1.38- 1.88)

Heterogeneity test: )(21: 1.8 (p=0.2)

|

|

|
Fatal event !
No 62 734 'h' 1.83(1.75- 1.91)
Yes 65 337 —':‘ 1.77 (1.65- 1.89)
Heterogeneity test: lez 0.7 (p=0.4) |

|
Overall 63 1071 é 1.81(1.75- 1.88)

B 95% Cl L 1 1 1 |
08 10 15 20 25 30

<> 95% Cl Hazard Ratio (95% ClI)
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Figure E.11: Male: intracerebral haemorrhage incide nce (608 events):
hazard ratios for 5 mm Hg higher usual DBP, by pote  ntial effect modifiers
(among 184 949 male participants)

Hazard ratios (HR) adjusted for age at risk, education and area (where appropriate). Each closed
square represents HR with area inversely proportional to the variance of the log HR. The dotted
vertical line indicates the overall HR and the open diamond indicates the 95% CI of the overall
result.

Mean age No. of

Risk factor at event events Hazard Ratio (95% CI)
Alcohol intake* .
Never 66 144 —| 1.79 (1.63- 1.97)
Occassional 64 136 _'*I_ 1.73(1.56 - 1.92)
Weely 63 217 ™ 1.73(1.57 - 1.91)
Heterogeneity test: x22 =0.3 (p=0.9) :

|
Smokingt I
Never 66 81 _:'_ 1.88 (1.60 - 2.21)
Current 63 374 - 1.74 (1.63 - 1.85)
Heterogeneity test: le =0.8 (p=0.4) :

|
BMI, kg/m? :
<22 66 264 H— 1.93 (1.79 - 2.09)
<25 64 195 —'—: 1.64 (1.49 - 1.80)
225 61 149 —t— 1.83 (1.65- 2.03)

Trend test: )(21: 1.5 (p=0.2)

MET, hrs/day
<20 67 324 - 1.62 (1.50 - 1.74)
<30 63 158 ]|_'_ 1.94 (1.76 - 2.14)
=30 58 126 — 1.96 (1.76 - 2.19)
Trend test: X ;= 10.2 (p=0.001) :

I
Area :
Urban 64 76 e 1.80 (1.56 - 2.07)
Rural 64 532 -P- 1.81(1.71- 1.91)
Heterogeneity test: )(21: 0.0 (p=0.9) :
Overall 65 608 é 1.78 (1.69 - 1.87)
—- 950 : : :

08 10 2.0 3.0

<>95% Cl Hazard Ratio (95% CI)

* Additionally adjusted for smoking (excludes strokes in ex-weekly, reduced-intake and monthly groups).
T Additionally adjusted for alcohol intake (excludes strokes in occasional and ex-regular groups).
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Figure E.12: Female: intracerebral haemorrhage inci
hazard ratios for 5 mm Hg higher usual DBP, by pote

(among 270 489 female participants)

dence (463 events):
ntial effect modifiers

Hazard ratios (HR) adjusted for age at risk, education and area (where appropriate). Each closed
square represents HR with area inversely proportional to the variance of the log HR. The dotted
vertical line indicates the overall HR and the open diamond indicates the 95% CI of the overall

result.

Mean age
Risk factor at event
Alcohol intake*
Newver 62
Occassional 60
Weely 66

Heterogeneity test: )(22 =3.1 (p=0.2)

Smokingt
Newver 61
Current 66

Heterogeneity test: )(21: 2.9 (p=0.09)

BMI, kg/m?

<22 65
<25 61
>25 59

Trend test: lez 13.1 (p<0.001)

MET, hrs/day

<20 65
<30 60
=30 58

Trend test: x21: 8.5 (p=0.004)

Area
Urban 63
Rural 61

Heterogeneity test: )(21 =3.2 (p=0.07)

Overall 62

—- 959 i
<% cl

* Additionally adjusted for smoking (excludes strokes in ex-weekly, reduced-intake and monthly groups).

No. of
events

286
151
17

410
20

157
132
174

198
158
107

58
405

463

Hazard Ratio (95% ClI)

1.78 (1.66 - 1.91)
1.98 (1.79 - 2.19)

2.01 (1.46 - 2.76)

1.90 (1.79 - 2.01)
1.46 (1.08 - 1.97)

1.68 (1.52 - 1.85)
1.78 (1.60 - 1.99)
2.18(1.97 - 2.41)

1.67 (152 - 1.83)
1.91 (1.73- 2.10)
2.06 (1.84 - 2.30)

1.63 (1.37 - 1.94)
1.93 (1.81- 2.05)

1.85 (1.75- 1.96)

0.8

1.0 2.0
Hazard Ratio (95% CI)

3.0

T Additionally adjusted for alcohol intake (excludes strokes in occasional and ex-regular groups).
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Figure E.13: Stroke incidence: age-specific hazard ratios for 10 mm Hg higher
usual SBP, by main stroke pathological types (among 455 438 participants)

Hazard ratios (HR) adjusted for sex, education and area. Each closed square represents HR

with area inversely proportional to the variance of the log HR. The dotted vertical line
indicates the overall HR and the open diamond indicates the 95% CI of the overall result.

Age at risk, Mean age No. of
years at event events Hazard Ratio (95%Cl)

Cerebral infarction

40-49 46 318 - 1.90 (1.78 - 2.03)
.

50-59 56 1213 i* 1.53 (1.48 - 1.59)

60-69 65 1543 :- 1.48 (1.43 - 1.53)

70-79 74 1439 - i 127 (1.22-1.32)

Overall 64 4513 (} 1.47 (1.44 - 1.50)

Trend test: x°y = 103.3 (p<0.001)

Intracerebral

haemorrhage

40-49 46 116 i Ea— 2.31(2.10-2.55)
50-59 56 305 i—'— 1.98 (1.86-2.10)
60-69 65 319 —i'— 1.84(1.71-1.97)
70-79 74 331 — i 1.33(1.23 - 1.44)
Overall 63 1071 <> 1.82(1.76-1.89)

Trend test: x°, =82.6 (p<0.001)

—l-95%C ' . . L

08 1.0 15 20 25 3.0
<95%Cl Hazard Ratio (95% Cl)
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Figure E.14: Stroke incidence: age-specific hazard
usual DBP, by main stroke pathological types (among

ratios for 5 mm Hg higher
455 438 participants)

Hazard ratios (HR) adjusted for sex, education and area. Each closed square represents HR
with area inversely proportional to the variance of the log HR. The dotted vertical line
indicates the overall HR and the open diamond indicates the 95% CI of the overall result.

Age at risk,

years Mean age
at event

Cerebral infarction

40-49 46

50-59 56

60-69 65

70-79 74

Overall 64

Trend test: x°,=95.6 (p<0.001)

Intracerebral

haemorrhage

40-49 46

50-59 56

60-69 65

70-79 74

Overall 63

Trend test: le =65.4 (p<0.001)

—l-95% I
<95% Cl

No. of
events

318

1213

1543

1439

4513

116

305

319

331

1071

|

|

|

Hazard Ratio (95%¢Cl)

1.75 (1.64 - 1.86)
1.50 (1.45 - 1.56)
1.41 (1.36 - 1.47)
1.23 (1.18 - 1.28)

1.42 (1.39 - 1.45)

2.19 (1.99 - 2.41)
2.00 (1.87 - 2.14)
1.85 (1.72 - 1.99)
1.34 (1.23 - 1.45)

1.81 (1.75 - 1.88)

0.8

15

2.0
Hazard Ratio (95%ClI)

25 3.0
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Figure E.15: Excluding participants taking blood pr
cerebral infarction incidence (4054 events): age-sp
hazard ratios for 10 mm Hg higher usual SBP and 5 m

DBP (among 438 837 participants)

essure medication:
ecific and sex-specific
m Hg higher usual

Hazard ratios (HR) adjusted for age at risk, sex, education and area (where appropriate). Each
closed square represents HR with area inversely proportional to the variance of the log HR. The
dotted vertical line indicates the overall HR and the open diamond indicates the 95% CI of the

overall result.

Usual SBP

Age at risk, years
40-49
50-59
60-69
70-79

Sex
Male
Female

Overall

Usual DBP

Age at risk, years
40-49
50-59
60-69
70-79

Sex
Male
Female

Overall

—W-95% ci
<>>95% ClI

Mean age
at event

46
56
65
74

65

47
56
65
74

65
63

No. of
events

288
1089
1373
1304

2021
2033

4054

288
1089
1373
1304

2021

2033

4054
L

"
t

o__“_.______'.i__

¢

o__-.n_____*_i__

1.87 (1.74 - 2.01)
1.52 (1.46 - 1.58)
1.48 (1.43 - 1.54)
1.28 (1.23 - 1.34)

1.55 (1.50 - 1.60)
1.41 (1.37 - 1.45)

1.47 (1.44 - 1.50)

1.71 (1.60 - 1.83)
1.49 (1.43 - 1.55)
1.42 (1.37 - 1.48)
1.24 (1.19 - 1.29)

1.46 (1.42 - 1.50)

1.37 (1.33- 1.42)

1.42 (1.39 - 1.45)
|

0.8

1.0 15 20
Hazard Ratio (95% CI)

25 3.0

Hazard Ratio (95% CI)
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Figure E.16: Excluding participants taking blood pr essure medication:
intracerebral haemorrhage incidence (959 events): a ge-specific and sex-
specific hazard ratios for 10 mm Hg higher usual SB. P and 5 mm Hg higher
usual DBP (among 438 837 participants)

Hazard ratios (HR) adjusted for age at risk, sex, education and area (where appropriate). Each
closed square represents HR with area inversely proportional to the variance of the log HR. The
dotted vertical line indicates the overall HR and the open diamond indicates the 95% CI of the
overall result.

Mean age No. of
at event events Hazard Ratio (95% CI)
Usual SBP
Age at risk, years
40-49 46 103 | 2.29 (2.06 - 2.55)
50-59 56 263 :-'— 1.98 (1.85 - 2.12)
60-69 65 283 ™ 1.86 (1.72- 2.01)
70-79 74 310 - : 1.34(1.23 - 1.45)
|
Sex !
Male 64 554 +' 1.85 (1.75 - 1.96)
Female 62 405 _-I_ 1.79 (1.69 - 1.89)
Overall 63 959 6 1.82 (1.75- 1.89)
Usual DBP
Age at risk, years
40-49 45 103 - 214 (1.94 - 2.37)
50-59 56 263 | - 1.98 (1.85- 2.12)
60-69 65 283 ™ 1.86 (1.72- 2.01)
70-79 74 310 — : 1.34(1.23- 1.45)
|
Sex '
Male 65 554 '+ 1.78 (1.69 - 1.88)
Female 63 405 -Il' 1.82 (1.71- 1.93)
Overall 64 959 é 1.80 (1.73- 1.87)
—-95% cI : ' —1
08 10 15 20 25 30
<>95% Cl Hazard Ratio (95% CI)
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Figure E.17: Restricted to stroke events not known to involve imaging with
CT/MRI scan: stroke incidence: age-specific and sex  -specific hazard ratios
for 10 mm Hg higher usual SBP, by main stroke patho logical types (among
455 438 participants)

Hazard ratios (HR) adjusted for age at risk, sex, education and area (where appropriate). Each
closed square represents HR with area inversely proportional to the variance of the log HR. The
dotted vertical line indicates the overall HR and the open diamond indicates the 95% CI of the
overall result.

Mean age No. of
at event events Hazard Ratio (95% CI)
Cerebral infarction
Age at risk, years
40-49 46 0 | — 1.90 (1.68 - 2.15)
50-59 56 349 "'_I 1.49 (1.39- 1.60)
60-69 65 513 T 1.51(1.42- 1.60)
70-79 74 525 - : 1.26(1.18- 1.34)
|
Sex :
Male 65 693 Tl 1.54 (1.46 - 1.63)
Female 64 784 '.': 1.39(1.33- 1.46)
Overall 64 1477 é 1.45(1.40- 1.51)
Intracerebral haemorrhage
Age at risk, years
40-49 46 87 I - 2.06(1.84- 2.31)
50-59 56 223 | —.-— 1.80 (167 - 1.94)
60-69 65 371 - 1.65(1.54- 1.76)
70-79 74 421 —a— : 1.34(1.25- 1.43)
|
Sex :
Male 65 611 = 1.68(1.59- 1.77)
Female 63 491 "*I' 1.57 (1.49 - 1.66)
Overall 64 1102 é 1.62 (1.56 - 1.68)
—l-95% I : ' 1
08 10 15 20 25 30
<= 95% CI Hazard Ratio (95% Cl)
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Figure E.18: Restricted to stroke events not known
CT/MRI scan: stroke incidence: age-specific and sex
for 5 mm Hg higher usual DBP, by main stroke pathol

455 438 participants)

to involve imaging with
-specific hazard ratios
ogical types (among

Hazard ratios (HR) adjusted for age at risk, sex, education and area (where appropriate). Each
closed square represents HR with area inversely proportional to the variance of the log HR. The
dotted vertical line indicates the overall HR and the open diamond indicates the 95% CI of the

overall result.

Mean age
at event
Cerebral infarction
Age at risk, years
40-49 46
50-59 56
60-69 65
70-79 74
Sex
Male 65
Female 64
Overall 64

Intracerebral haemorrhage

Age at risk, years

40-49 46
50-59 56
60-69 65
70-79 74
Sex

Male 65
Female 63
Overall 64
—-95% cI

<>>95% ClI

No. of
events

90
349
513
525

693
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1477

87
223

371
421

611
491
1102

1.74 (155 - 1.95)
1.46 (1.36 - 1.56)
1.44 (1.35- 1.54)
1.21 (1.13- 1.30)

1.51 (1.43 - 1.60)
1.31(1.25- 1.38)

1.40 (1.35 - 1.46)

1.88(1.68 - 2.10)
1.76 (1.64 - 1.89)

1.66 (1.55- 1.78)
1.39 (1.29 - 1.49)

1.65 (157 - 1.74)
1.59 (1.50 - 1.68)
1.62 (1.56 - 1.69)

0.8
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Hazard Ratio (95% CI)
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Table E.3: Comparison between blood pressure indice s as predictors of incidence of cerebral infarction and
intracerebral haemorrhage, by age and by sex (among 455 438 participants)

Informativeness of a single measurement of a blood pressure index at baseline (as indicated by X?; statistic relating it to incidence of stroke
known to have involved imaging with CT/MRI scan).

Informative for prediction of cerebral infarction, Informative for prediction of intracerebral haemorr hage,
X2, values X2, values
Mean Mean

Mid blood arterial Pulse Mid blood arterial Pulse
SBP DBP  pressure pressure pressure SBP DBP  pressure pressure pressure

Age, years
40-49 276 271 295 296 125 212 223 233 236 104
50-59 461 406 486 480 271 381 345 404 402 232
60-69 445 338 462 449 279 246 247 277 282 126
70-79 138 100 145 141 80 47 51 56 57 21

Sex

Male 748 643 789 777 403 443 442 489 494 220
Female 572 473 599 589 352 443 423 481 484 263
Overall 1320 1116 1388 1366 755 886 865 970 978 483
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Appendix F: CKB adjudication sub-study stroke
adjudication form
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Figure F.1: CKB event adjudication form for stroke

1 General Information from the medical notes

1.1 Participant ID | A R
1.2 Sex OM OF
1.3 Date of birth

1.4 Date of admission

1.5 Date of discharge or death

1.6 Match checklist information?

O Yes O No
"
1.7 Same person? OvYes ONo If no, STOP HERE
' 2
1.1 Stroke/TIA somewhere in the notes” O Yes 00 No If no, STOP HERE
1.8 Legibility of the medical records O Good 0O Fair O Poor
1.9 Hospital department O Neuro 0O Internal OOther, specify here
[ ]
2 Discharge summary diagnoses
2.1 Is the discharge summary available? 0O Yes O No If no, go to section 3

If no, what is?

[ ]

. . M l)
2.2 Is stroke the main diagnosis” 0 Yes O No

. o
2.3 Subclassification of stroke reported” O Acute stroke

2.3.1 O Ischaemic
2.3.1 O Ischaemic (lacunar)
2.3.1 O Intracerebral haemorrhage
2.3.1 O Subarachnoid haemorrhage
2.3.1 O Other/unknown

O Old stroke

O Silent infarct

OTIA

[0 Stroke does not appear in the summary

2.4 Are there any other diagnoses reported?

Yes No
IHD O O
DM O O
Cancer 0O O
COoPD O O
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3 Prior medical history

3.1 Prior history of stroke? O Yes O No
If No, go to section 4
3.1.1 What subtype? O Ischaemic stroke

O Intracerebral haemorrhage
0 Subarachnoid haemorrhage
O Other/unknown

3.1.2 How long ago did the

stroke occur? yrs months (enter 99 if unknown)
4 Signs and symptoms
4.1 Any neurological signs or symptoms reported? OYes [ONo

If No, go to section 5
4.2 Date of stroke event | | | BN
Or, time prior to admission:

Yes No
4.3 Was a formal neurological exam performed? O O
4.4 Did the patient have any of the following:
4.4.1 acute focal symptoms consistent with a stroke O O
4.4.2 acute focal signs consistent with a stroke O O
4.4.3 deep coma O O
4.4.4 non-focal symptoms/signs consistent with a SAH O O
4.5 Duration of the signs/symptoms >24 hours (or surgery/death)? 0 0
4.6 Non-vascular cause for the symptoms/signs, e.g.
trauma/tumour? O O
Note:
5 Investigations
5.1 Were any of the following diagnostic investigations performed? Yes No
5.1.1 CT scan O O
5.1.2 MRI scan O O
5.1.3 Lumbar puncture O O
5.1.4 Angiography O O

If answer ‘yes’ to CT and/or MRI scan, please continue with section 5, otherwise go to section 6. Where
possible please select CT scans performed within ten days of onset signs/symptoms of stroke and MRI
scan performed within 3 months.
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CT Scan

5.2 Isthe report available? O Yes O No
If No, go to section on MRI scan

5.3 Radiological? O Yes O No
Note:

5.4 Date of scan? (enter 99 if unknown)

5.5 Did the CT scan report any of the following abnormalities? Yes No
5.5.1 Ischaemic change O O
5.5.2 Ischaemic change (lacunar) O O
5.5.3 Intracerebral haemorrhage O O
5.5.4 Blood in the subarachnoid space O O
5.5.5 Normal O O
5.5.6 Other diagnosis O O

5.6 Abnormalities consistent in age and site to the clinical
presentation? Yes No
5.6.1 Ischaemic change O O
5.6.2 Ischaemic change (lacunar) O O
5.6.3 Intracerebral haemorrhage O O
5.6.4 Blood in the subarachnoid space O O
MRI scan

5.7 Is the report available? OYes ONo

If No, go to section 6

5.8 Radiological? O Yes [ONo
Note:

5.9 Date of scan? (enter 99 if unknown)

5.10 Did the MRI scan report any of the following abnormalities? Yes No
5.10.1 Ischaemic change O O
5.10.2 Ischaemic change (lacunar) O O
5.10.3 Intracerebral haemorrhage O O
5.10.4 Blood in the subarachnoid space O O
5.10.5 Normal O O
5.10.6 Other diagnosis O O

5.11 Abnormalities consistent in age and site to the clinical
presentation? Yes No
5.11.1 Ischaemic change O O
5.11.2 Ischaemic change (lacunar) O O
5.11.3 Intracerebral haemorrhage O O
5.11.4 Blood in the subarachnoid space O O
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6 Medications

6.1 Were any of the following given in hospital?
6.1.1 Aspirin
6.1.2 Clopidogrel

6.1.3 Anticoagulant drugs

6.1.4 Thrombolysis
6.1.5 Statin

6.1.6 Any TCM

6.1.7 Other medications

7 Vital status at discharge

7.1 Patient’s vital status at discharge from hospital?

7.1.1 |If the patient died, was an autopsy performed?

8 Reviewer diagnosis

8.1 Is there sufficient evidence to support the diagnosis of
stroke?

8.1.1 If yes, what in your opinion is the most likely
pathological type of stroke?

8.1.1.1 Level of evidence to support the diagnosis of
pathological type?

8.1.2 If no, is another diagnosis more likely?

8.2 Does the case need further review by an expert panel?

Yes

OOoOO0O0O0Ooao
oooooooég

O Alive
O Dead

O Unknown
O Yes
O No/Unknown

O Yes, definitely
O Yes, possible

O No, very unlikely
O No, definitely

O Ischaemic
O Ischaemic (lacunar)

O Intracerebral haemorrhage
O Subarachnoid haemorrhage
O Insufficient data

O Yes, definitely

O Yes, possible
O No, very unlikely

0 No, definitely

OTIA
O Silent infarct
O Old stroke

O Insufficient evidence
O Other condition, please
specify:

O Yes O No

If ischaemic stroke or intracerebral haemorrhage selected in question 8.1.1, please complete

section 9 otherwise go to section 10
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9 Additional questions: Information to subtype stro ke events

Extended information on ischaemic stroke events

Yes No
Do the notes from the neurological exam allow the pattern of neurological
deficit to be described?

9.1 What was the pattern of neurological deficit
9.1.1 Unilateral weakness (and/or sensory deficit) affecting face
9.1.2 Unilateral weakness (and/or sensory deficit) affecting arm or hand
9.1.3 Unilateral weakness (and/or sensory deficit) affecting leg or foot
9.1.4 Dysphasia
9.1.5 Homonymous hemianopia
9.1.6 Visuospatial disorder
9.1.7 Brainstem or cerebellar signs (e.g. nystagmus or ataxia)
9.1.8 Other neurological deficit
9.1.9 Pattern of neurological deficit unclear

OO0O0O0OO0O0O00aO0
OO0O0O0OO0O0O00aO0

9.2 Did the patient undergo imaging of their internal carotid arteries?

9.2.1 Ifyes, was 270% internal carotid artery stenosis noted on the same
side as the lesion which caused the stroke?

If no, go to section 10

OO
OO

9.3 Did the patient have a post-stroke ECG?
9.3.1 If yes, is there evidence that the patient had atrial fibrillation?
9.4 Did the patient receive a post-stroke echocardiogram?

9.4.1 If yes, is there evidence that the patient had cardiac valve disease?

9.5 Do the notes indicate that the patient had a history of atrial fibrillation or
cardiac valve disease?

9.5.1 Atrial fibrillation
9.5.2 Cardiac value disease

O00Oao
O00Oao

O
O

Extended information on intracerebral haemorrhage e  vents

9.6 Did the CT/MRI scan locate the haemorrhage to any of the following regions?

O Lobar O Deep 0O Lobar O Infratentorial O Other O Not noted 0[O Insufficient
and deep data

10 Reviewer’s remarks
If checklist USS box ticked but report not available, please tick here O

Reviewer’'s name: Date of review:
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