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a b s t r a c t 

Background: Controversy persists about the relationship of blood pressure with cardiovascular diseases 

(CVD) in diabetes and associated disease burden. We assessed these associations among Chinese adults 

with type 2 diabetes (T2D). 

Methods: In 2004–08, the China Kadoorie Biobank recruited > 512,0 0 0 adults aged 30–79 years from 

10 localities across China, including 26,315 with T2D (based on self-report or plasma glucose measure- 

ment) but no prior CVD, followed-up for ~9 years. Cox regression yielded adjusted HR for major CVD and 

all-cause mortality associated with 10 mmHg higher usual (longer-term average) SBP. Attributable frac- 

tions were estimated to assess cardiovascular mortality burden due to uncontrolled hypertension (SBP 

≥130 mmHg or DBP ≥80 mmHg). 

Findings: Overall, 75.7% of participants had self-reported (24.8%) or screen-detected (50.9%) (SBP 

≥130 mmHg or DBP ≥80 mmHg) hypertension. Among individuals with self-reported hypertension, 82.3% 

were treated, of whom 9.3% achieved control. There were positive log-linear associations of blood pres- 

sure with CVD, with no evidence of a threshold down to ~120 mmHg for usual SBP. Each 10 mmHg higher 

usual SBP was associated with HR of 1.28 (95% CI 1.25–1.30), 1.18 (1.15–1.21), 1.17 (1.15–1.19) and 1.45 

(1.38–1.52) for cardiovascular death ( n = 1807), major coronary event ( n = 1190), ischaemic stroke ( n = 4362) 

and intracerebral haemorrhage ( n = 469), respectively. There was an apparent J-shaped association with 

all-cause mortality ( n = 4503). In this diabetes population, uncontrolled hypertension accounted for 39% 

of cardiovascular deaths. 

Interpretation: Uncontrolled hypertension is common in Chinese adults with T2D, resulting in substantial 

excess risks of CVD. Improved hypertension management could avoid a large number of cardiovascular- 

related deaths. 

Funding: Kadoorie Foundation, Wellcome Trust, MRC, BHF, CR-UK, MoST, NNSF. 
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esearch in context 

Evidence before this study 
Despite clear evidence of lower cardiovascular disease risk 

with intensive control of blood pressure in the general pop- 
ulation, uncertainty persists regarding blood pressure tar- 
gets in diabetes, and most existing evidence is derived from 

Western population studies. We searched PubMed for arti- 
cles published up to August 2020 using the terms “blood 

pressure” (or “hypertension”) and “cardiovascular disease” (or 
“ischaemic heart disease” or “stroke”) and “diabetes” and 

“China” (or “Chinese”). Reference lists of identified relevant 
articles were also reviewed. A small number of prospective 
studies were identified based in mainland China and Hong 
Kong. These studies all reported positive associations of blood 

pressure with risks of cardiovascular diseases. However, most 
studies were small and did not account for intra-individual 
variation in blood pressure, and none examined the associa- 
tions of blood pressure with stroke types. Moreover, although 

previous studies in China have estimated the prevalence and 

control of hypertension among adults with diabetes, none has 
combined these estimates with associated cardiovascular dis- 
ease risks, and the burden of cardiovascular diseases associ- 
ated with hypertension in this population remains unclear. 

Added value of this study 
This prospective study aimed to quantify the association 

of blood pressure with major cardiovascular diseases, and es- 
timate the cardiovascular mortality burden associated with 

uncontrolled hypertension among Chinese adults with type 2 
diabetes. Among the 26,315 participants with type 2 diabetes 
but no prior cardiovascular diseases, 75.7% had hypertension. 
Just one third of individuals with hypertension had been pre- 
viously diagnosed, of whom approximately 80% were treated. 
Despite the high frequency of treatment, overall, 67.1% of 
adults with type 2 diabetes had uncontrolled hypertension. 
Higher blood pressure was associated with higher risks of 
cardiovascular disease and its main types, with no evidence 
of a threshold in the associations down to a usual (longer- 
term average) systolic blood pressure of at least ~120 mmHg, 
providing support for more intensive blood pressure treat- 
ment targets in diabetes. Each 10 mmHg higher usual sys- 
tolic blood pressure was associated with approximately 20% 

higher risks of ischaemic cardiovascular diseases (major coro- 
nary event and ischaemic stroke), and 45% higher risk of in- 
tracerebral haemorrhage. The association with cardiovascular 
death was intermediate between these. Overall, uncontrolled 

hypertension accounted for 39% of cardiovascular deaths in 

this population. 
Implications of all the available evidence 
Diabetes prevalence is high and increasing worldwide. 

Cardiovascular diseases remain the most common cause of 
death in this population, in part reflecting clustering of di- 
abetes with other cardiovascular risk factors, including ele- 
vated blood pressure. Hypertension is common, underdiag- 
nosed and poorly controlled among Chinese adults with di- 
abetes. Moreover, there are strong, continuous, positive as- 
sociations of blood pressure with the risk of cardiovascu- 
lar diseases. Uncontrolled hypertension results in substan- 
tial unnecessary morbidity and mortality in this population, 
and improved management of hypertension among individu- 
als with type 2 diabetes would be expected to avoid a large 
number of cardiovascular-related deaths in China. 

. Introduction 

Cardiovascular diseases (CVD) are the most common causes of 

eath in diabetes [1] , partly reflecting frequent clustering with 

diposity, elevated blood pressure and other CVD risk factors [2] . 

owever, controversy persists regarding the relationships between 
2 
lood pressure and risk of CVD among people with diabetes, and 

he associated disease burden. 

Large prospective observational studies [3 , 4] and randomised 

ontrolled trials [5] have consistently demonstrated that inten- 

ive control of blood pressure (target systolic blood pressure [SBP] 

 120 mmHg) is associated with lower risks of CVD in the general 

opulation. However, the evidence is less clear among individu- 

ls with diabetes, with some studies reporting comparable risks to 

hose in the general population [3 , 6 , 7] , while others have reported

igher CVD [8 , 9] and all-cause [8] mortality risks at lower SBP lev-

ls (SBP < 130 mmHg [8] or < 120 mmHg [9] ). Furthermore, the 

arge ACCORD BP trial failed to demonstrate any benefit of a SBP 

arget of < 120 mmHg when compared with < 140 mmHg among 

ndividuals with type 2 diabetes (T2D) [10] , with meta-analyses 

f trial data suggesting possible adverse CVD [11] and non-CVD 

12] effects of intensive blood pressure lowering. These uncertain- 

ies are reflected in treatment guidelines, variably recommending 

30/80 mmHg [13 –15] and 140/90 mmHg [16] as cut-offs for ini- 

iation of anti-hypertensive treatment or treatment targets in dia- 

etes. 

Most previous large studies of the association of blood pressure 

ith CVD in diabetes involved mainly Western populations [6 , 8 , 9] .

ypertension and diabetes are more common and frequently less 

ell-controlled in China [17–19 ], and population differences are 

roposed in the underlying pathophysiology of T2D [20] . Evidence 

rom Western population studies may not be generalisable and re- 

iable evidence is required in East Asian populations, particularly in 

hina with the largest diabetes population globally [1] . Moreover, 

atterns and burden of CVD differ in China from those in West- 

rn populations, with typically higher rates of stroke, particularly 

aemorrhagic stroke [21] , providing a unique opportunity to study 

isks and determinants of stroke and stroke types in diabetes. 

We examine the burden of hypertension, and the associations 

f blood pressure with major CVD incidence and mortality among 

hinese adults with T2D, and estimate the burden of CVD associ- 

ted with uncontrolled hypertension. 

. Methods 

.1. Study population 

The China Kadoorie Biobank (CKB) design, methods and popula- 

ion have been previously described [22] . Briefly, permanent, non- 

isabled residents aged 35–74 years from 100 to 150 rural villages 

r urban committees in each of 10 study areas (5 urban and 5 

ural) were invited to participate. Study areas were selected from 

hina’s nationally representative Disease Surveillance Points (DSP) 

o ensure diversity in socioeconomic levels and patterns of risk fac- 

ors and disease. The overall response rate was ~30%, and 512,713 

en and women were recruited, including 13,215 slightly outside 

he target age range. Ethics approval was obtained from relevant 

ocal, national and international ethics committees prior to com- 

encement of the study. All participants provided informed writ- 

en consent. 

.2. Data collection 

During the 2004–08 baseline survey, trained health workers ad- 

inistered laptop-based questionnaires, collecting information on 

ocio-demographics, lifestyle, and medical history. Among individ- 

als with self-reported prior IHD, stroke, hypertension or diabetes, 

ata were collected on current use of cardiovascular medications. 

hysical measurements were undertaken using calibrated instru- 

ents and standard protocols. A non-fasting venous blood sam- 

le was collected and time since last food recorded. Plasma glu- 

ose levels were measured immediately using the SureStep Plus 
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eter (LifeScan, Milpitas, CA). Participants with a plasma glucose 

evel ≥7.8 mmol/L and < 11.1 mmol/L were invited to return the 

ollowing day for fasting plasma glucose measurement. Resurveys 

ere undertaken in 2008 and 2013–14, including a 5% randomly- 

elected sample of surviving participants and collating the same 

nformation as the baseline survey. 

.3. Assessment of blood pressure and hypertension status 

Blood pressure was measured twice using a UA-779 digital 

phygmomanometer (A&D Instruments; Abingdon, UK) after at 

east five minutes resting in a seated position. A third blood 

ressure measurement was taken if the difference between the 

wo SBP measurements was > 10 mmHg. The last two readings 

ere recorded, and their mean used. Self-reported hypertension 

as defined as a “yes” response to the question “Has a doctor 

ver told you that you have hypertension?” Screen-detected hy- 

ertension was defined as no self-reported hypertension and a 

ean measured SBP ≥130 mmHg or diastolic blood pressure (DBP) 

80 mmHg [13] . Uncontrolled hypertension was defined as mea- 

ured SBP ≥130 mmHg or DBP ≥80 mmHg [13] . Awareness of hy- 

ertension was the proportion of all hypertension that was self- 

eported. 

.4. Definition of type 2 diabetes 

Diabetes was defined as self-reported doctor-diagnosed 

 n = 16,162) or screen-detected (no self-reported diabetes and 

lasma glucose ≥7.0 mmol/L and fasting time ≥8 h, plasma glu- 

ose ≥11.1 mmol/L and fasting time < 8 h, or subsequent fasting 

lasma glucose ≥7.0 mmol/L) ( n = 14,137) diabetes at baseline [23] . 

2D excluded individuals who were < 35 years at diagnosis and 

eported taking insulin ( n = 102). 

.5. Follow-up for morbidity and mortality 

Participants were followed-up for cause-specific morbidity and 

ortality through linkage, via unique national identification num- 

ers, to death registries at China’s DSP (ICD-10 coded by trained 

taff blinded to baseline information), to disease registries for dia- 

etes, stroke, IHD and cancer, and to the national health insurance 

ystem (providing details of ICD-10 coded diagnoses resulting in or 

uring hospitalisations). 

To minimise loss to follow-up and under-reporting of deaths, 

ctive follow-up was undertaken annually by checking local resi- 

ential and administrative records, and, if necessary, by contact- 

ng participants’ family members. By 1 January 2017, there were 

2,922 deaths, including 5692 among participants with T2D, and 

 1% of participants were lost to follow-up. 

The CVD endpoints examined in the present study included car- 

iovascular death (ICD-10 I00–I25, I27–I88, I95–I99), major coro- 

ary event (MCE) (non-fatal myocardial infarction [ICD-10 I21–I23] 

r fatal IHD [ICD-10 I20–I25]), ischaemic stroke (IS) (ICD-10 I63), 

ntracerebral haemorrhage (ICH) (ICD-10 I61) and total stroke (ICD- 

0 I60, I61, I63, I64). 

.6. Statistical analysis 

The main analyses, among participants with T2D, excluded, 

equentially, individuals with self-reported doctor-diagnosed IHD, 

troke or transient ischaemic attack (TIA) ( n = 3872), or extreme 

r improbable SBP ( < 80 or ≥250 mmHg, n = 8) or DBP ( < 40 or

150 mmHg, n = 2). After these exclusions, the remaining 26,315 

articipants with T2D were included in the main analyses. Af- 

er excluding individuals based on the same criteria (self-reported 
3 
HD, stroke or TIA n = 19,244; extreme/improbable SBP n = 94; ex- 

reme/improbable DBP n = 43) or with missing body mass index 

BMI) data ( n = 2), we examined risk associations separately among 

63,031 participants without diabetes for comparison. 

Mean values and prevalence of baseline characteristics were 

alculated across ACC/AHA defined hypertension categories [13] . 

revalence, treatment and control of hypertension were assessed 

cross categories of sociodemographic characteristics, standardised 

y 5-year age group, sex and study area, overall and separately 

mong participants with self-reported and screen-detected dia- 

etes. 

Cox proportional hazards models were used to estimate haz- 

rd ratios (HRs) for the associations of hypertension (normotensive 

reference]/elevated blood pressure/stage 1 hypertension/stage 2 

ypertension/hypertensive crisis) [13] and, separately, uncontrolled 

ypertension, with incident CVD and all-cause mortality, with time 

ince entry into the study as the underlying timescale. Models 

ere stratified by age-at-risk, sex and study area, and adjusted 

or educational attainment, smoking, alcohol consumption, physi- 

al activity and BMI. Separate Cox regression analyses, adjusting for 

he same variables, examined the associations of SBP and DBP, cat- 

gorised to enable investigation of the full distribution while en- 

uring adequate CVD events in each category (cut-points of 10th, 

0th, 40th, 60th, 80th percentiles). When examining associations 

f hypertension and blood pressure as categorical variables, group- 

pecific variances were used to calculate 95% CI for all categories 

reflecting the amount of data in each individual category), en- 

bling comparisons between any two categories and not only with 

he reference group [24] . Where associations with outcomes were 

og-linear, SBP and DBP were examined as continuous variables to 

stimate HR per 10 mmHg and 5 mmHg higher SBP and DBP, re- 

pectively. Follow-up was censored on the date of a CVD event, 

eath, loss to follow-up or at the censoring date (1 January, 2017), 

hichever occurred first. 

Blood pressure measured at baseline may not accurately reflect 

n individual’s longer-term average (or “usual”) blood pressure due 

o measurement error and short and long-term within-person vari- 

tion. In prospective studies, failure to account for this may re- 

ult in so-called regression dilution bias, with substantial under- 

stimation of the relevance of blood pressure for disease risks [25] . 

lood pressure measurements among 948 individuals with T2D 

rom the 2008 resurvey were used to estimate usual SBP and DBP. 

og HR estimates for baseline SBP and DBP were multiplied by the 

eciprocal of the regression dilution ratio (0.62 for both SBP and 

BP, estimated as the coefficient for baseline SBP/DBP measure- 

ents when regressing resurvey SBP/DBP measurements against 

aseline measurements [26] ) to estimate the strength of the asso- 

iations of usual SBP and DBP. Adjusted HRs were calculated across 

trata of other baseline variables (e.g., age, sex, study area, lifestyle 

actors), and chi-square tests for trend and heterogeneity were ap- 

lied to log HRs and their SEs. 

Further analyses additionally mutually adjusted for SBP/DBP to 

xamine independent effects, examined the associations of SBP and 

BP separately among individuals with self-reported and screen- 

etected T2D, and individuals with and without self-reported hy- 

ertension, and, in order to investigate the role of reverse causal- 

ty, included individuals with prior CVD and, separately, addition- 

lly excluded individuals with other chronic diseases and poor self- 

ated health at baseline. Comparison of HRs for the first four and 

ubsequent years of follow-up revealed no evidence of deviation 

rom the proportional hazards assumption. Estimates of 10-year 

VD risks by hypertension and diabetes status were calculated us- 

ng a multi-variable Poisson regression model adjusted for age, sex, 

tudy area, educational attainment, smoking, alcohol consump- 

ion, physical activity and BMI, censoring at the first CVD event. 

he age- and sex-specific proportions of cardiovascular deaths 
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Table 1 

Baseline characteristics of individuals with diabetes by hypertension status. 

Characteristic a Normotensive Elevated blood 

pressure 

Stage 1 

hypertension 

Stage 2 

hypertension 

Hypertensive 

crisis 

Total 

No. of participants 3837 3111 6158 11,712 1497 26,315 

Mean SBP (SD), mmHg 110 (9) 125 (9) 132 (9) 154 (9) 193 (9) 141 (22) 

Mean DBP (SD), mmHg 69 (9) 72 (9) 79 (9) 84 (9) 96 (9) 80 (11) 

Age and socioeconomic factors 

Mean age (SD), years 54.1 (9.3) 56.9 (9.3) 55.9 (9.3) 59.0 (9.3) 61.4 (9.3) 57.4 (9.6) 

Men, % 34.7 37.9 41.5 39.3 32.5 38.7 

Living in urban area, % 66.3 60.4 58.8 56.3 49.9 58.4 

6 + years of education, % 54.2 48.0 46.6 42.7 36.7 45.7 

Lifestyle factors 

Ever regular smoker, % 

Men 75.6 69.7 72.4 71.2 75.0 72.0 

Women 6.6 5.5 5.0 3.8 4.0 4.7 

Ever regular alcohol drinker, % 

Men 39.2 40.0 42.5 49.3 52.2 45.3 

Women 3.2 2.5 2.6 2.3 3.1 2.6 

Mean physical activity (SD), MET-h/day 15.2 (11.3) 16.5 (11.1) 16.2 (11.2) 16.4 (11.2) 16.5 (11.2) 16.2 (12.1) 

Anthropometry, plasma glucose and lipids, mean (SD) 

BMI, kg/m 

2 23.4 (3.5) 24.3 (3.5) 24.9 (3.5) 25.6 (3.5) 25.7 (3.5) 24.9 (3.6) 

Waist circumference, cm 81 (10) 84 (10) 85 (10) 87 (10) 87 (10) 85 (10) 

LDL-cholesterol b , mmol/L 2.5 (0.8) 2.5 (0.8) 2.6 (0.8) 2.6 (0.8) 2.7 (0.8) 2.6 (0.8) 

HDL-cholesterol b , mmol/L 1.2 (0.3) 1.2 (0.3) 1.2 (0.3) 1.1 (0.3) 1.2 (0.3) 1.2 (0.3) 

Triglycerides b , mmol/L 2.4 (2.3) 2.7 (2.3) 2.9 (2.3) 2.8 (2.3) 2.9 (2.3) 2.8 (2.3) 

Random plasma glucose c , mmol/L 12.0 (5.7) 12.6 (5.6) 12.3 (5.6) 12.2 (5.7) 12.7 (5.7) 12.3 (5.6) 

Medical history and medications, % 

Prior self-reported diseases 

Hypertension 4.9 10.0 15.1 31.3 52.5 24.8 

Chronic kidney disease 2.0 1.7 1.7 1.7 2.0 1.8 

Cardiovascular medication use d 

Anti-hypertensive 

ACE-inhibitor 1.6 2.5 3.7 6.9 9.8 5.6 

Beta-blocker 1.6 2.4 3.2 5.7 10.2 4.9 

Calcium channel blocker 3.1 5.9 7.7 12.9 16.2 10.6 

Diuretic 0.5 0.8 1.0 1.6 1.9 1.3 

Any 5.6 10.6 14.0 23.8 33.4 19.6 

Statin 1.1 0.3 0.6 1.2 1.5 1.1 

Aspirin 1.0 0.8 1.7 3.3 4.9 2.8 

Family medical history, % 

IHD 2.9 3.0 2.9 3.2 2.8 3.0 

Stroke 15.1 17.3 17.3 18.2 18.5 17.4 

a Standardised to age, sex and study area structure of the population, as appropriate. 
b Data available for 1557 participants. 
c Data available for 26,157 participants. 
d Data available for 13,408 participants.Normotensive: SBP < 120 mmHg and DBP < 80 mmHg; Elevated blood pressure: SBP 120–129 mmHg and DBP < 80 mmHg; Stage 

1 hypertension: SBP 130–139 mmHg or DBP 80–89 mmHg; Stage 2 hypertension: SBP 140–179 mmHg or DBP 90–119 mmHg; Hypertensive crisis: SBP ≥180 mmHg or DBP 

≥120 mmHg; individuals who fall into two hypertension categories are designated to the higher category.BMI = body mass index; DBP = diastolic blood pressure; HDL = high 

density lipoprotein; IHD = ischaemic heart disease; LDL = low density lipoprotein; MET-h/day = metabolic equivalent of task hours per day; SBP = systolic blood pressure. 
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ttributable to uncontrolled hypertension were calculated as 

 

∗([HR-1]/HR), where P is the proportion of individuals with T2D 

ho died due to CVD with uncontrolled hypertension and HR is 

he adjusted HR for cardiovascular death in participants with vs. 

ithout uncontrolled hypertension [27] . 

All analyses were conducted using SAS version 9.4. 

.7. Role of the funding source 

The funders of the study had no role in the design of the study, 

ollection, analysis or interpretation of data, or in the writing of 

he report. 

. Results 

Among 26,315 participants with T2D but no prior CVD at base- 

ine, the mean (SD) age was 57.4 (9.6) years, 38.7% were men and 

8.4% lived in urban areas ( Table 1 ). Ever regular smoking was re-

orted by 72.0% of men and 4.7% of women. Overall, mean (SD) 

BP and DBP were 141 (22) mmHg and 80 (11) mmHg, respec- 

ively. Individuals with higher blood pressure were more likely to 

e older, live in rural areas, have lower educational attainment, and 
4 
igher BMI and waist circumference and, among men, were more 

ikely to regularly drink alcohol ( p for trend < 0.0 0 01 for all com-

arisons). 

.1. Prevalence, treatment and control of hypertension 

Overall, 75.7% of participants had self-reported (24.8%) or 

creen-detected (50.9%) hypertension ( Table 2 ). Awareness of hy- 

ertension was greater at older ages, and among women and ur- 

an residents, but was consistently < 40%. Among individuals with 

elf-reported hypertension, 82.3% were treated; the proportion was 

odestly higher at older ages, and among women and urban res- 

dents, and the majority (86.4%) were treated with a single anti- 

ypertensive agent. Calcium channel blockers were the most com- 

only used anti-hypertensive agents (23.8%), with just 12.7% tak- 

ng ACE-inhibitors. Blood pressure control ( < 130/80 mmHg [13] ) 

as achieved among 9.3% of those on treatment, and overall 67.1% 

f individuals with T2D had uncontrolled hypertension. Hyperten- 

ion awareness was lower in screen-detected, than self-reported, 

2D (23.9% vs. 41.5%) ( Table S1 ). Using alternative SBP and DBP 

ut-points of 140 mmHg and 90 mmHg, respectively, for hyper- 

ension diagnosis [28] and control [16] , 31.3% had screen-detected 
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Table 2 

Prevalence, treatment and control of hypertension among individuals with diabetes 

Characteristic 

No. of 

participants 

Self-reported 

hypertension on 

treatment- 

controlled † , (% ∗) 

Self-reported 

hypertension on 

treatment- 

uncontrolled ‡ , (% ∗) 

Self-reported 

hypertension not 

on treatment, (% ∗) 

Screen-detected 

hypertension §, (% ∗) 

Any 

hypertension, 

(% ∗) 

Overall 26315 494 (1.9) 4881 (18.5) 1154 (4.4) 13393 (50.9) 19922 (75.7) 

Age, years 

30-59 15703 236 (1.5) 2188 (13.9) 610 (3.9) 8184 (51.5) 11218 (71.4) 

60-69 7739 189 (2.3) 1893 (24.4) 405 (5.1) 3756 (49.1) 6243 (80.7) 

70-79 2873 69 (2.2) 800 (27.8) 139 (4.9) 1453 (51.3) 2461 (85.7) 

Sex 

Men 10173 145 (1.4) 1595 (15.7) 464 (4.6) 5547 (54.5) 7751 (76.2) 

Women 16142 349 (2.2) 3286 (20.4) 690 (4.3) 7846 (48.6) 12171 (75.4) 

Region 

Rural 10936 155 (1.4) 1916 (18.0) 494 (4.6) 5924 (54.3) 8489 (77.6) 

Urban 15379 339 (2.2) 2965 (18.9) 660 (4.2) 7469 (48.2) 11433 (74.3) 

∗Standardised to age, sex and study area structure of the population, as appropriate; † SBP < 130mmHg and DBP < 80mmHg; ‡ SBP ≥130mmHg or DBP ≥80mmHg; §No self- 

reported hypertension and SBP ≥130mmHg or DBP ≥80mmHg. 
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ypertension, and 20.2% of self-reported hypertension was con- 

rolled ( Table S2 ). 

.2. Hypertension and cardiovascular disease risk 

During median (IQR) 9 (8–10) years’ follow-up, there were 5198 

ncident stroke events (including 4362 IS and 469 ICH events), 

190 MCE and 4503 deaths, including 1807 cardiovascular deaths. 

or all CVD endpoints studied, risk increased progressively with 

ore marked hypertension ( p for trend ≤0.0 0 01) ( Table 3 ). Com-

ared with blood pressure in the normotensive range, stage 1 hy- 

ertension (SBP 130–139 mmHg or DBP 80–89 mmHg) was as- 

ociated with ~40% higher risk of ischaemic CVD (MCE: HR 1.41 

95% CI 1.24–1.61]; IS 1.35 [1.26–1.44]), increasing to almost 2.5- 

old higher risk in the hypertensive crisis range (SBP ≥180 mmHg 

r DBP ≥120 mmHg) (MCE 2.35 [1.96–2.82]; IS 2.42 [2.19–2.68]). 

or ICH, stage 1 hypertension was associated with similar risk 

HR 1.33 [95% CI 1.02–1.72]), but risks with more marked hyper- 

ension were higher (hypertensive crisis range: 6.02 [4.83–7.51]). 

ypertension-associated risks of cardiovascular mortality were in- 

ermediate (stage 1 hypertension: HR 1.39 [95% CI 1.24–1.56]; hy- 

ertensive crisis: 3.64 [3.21–4.12]). In T2D, 10-year CVD risks in- 

reased progressively from 16% among individuals with normal 

lood pressure, to 53% in the hypertensive crisis range, compared 

ith 6% and 40%, respectively, among individuals without diabetes 

 Fig. S1 ). Assuming a causal relationship, 39% of cardiovascular 

eaths among adults with T2D in China can be attributed to un- 

ontrolled hypertension ( Fig. 1 ). 

.3. Usual blood pressure and cardiovascular disease risk 

There were strong positive log-linear associations of usual 

longer-term average) SBP with risk of CVD, with no evidence of 

 threshold down to at least ~120 mmHg ( Fig. 2 ). Each 10 mmHg

igher usual SBP was associated with 18% (HR 1.18, 95% CI [1.15–

.21]) and 17% (1.17 [1.15–1.19]) higher risks of MCE and IS, respec- 

ively. For ICH, the association was more than twice as strong (HR 

.45 [95% CI 1.38–1.52]). The association with cardiovascular death 

as intermediate between these (1.28 [1.26–1.31]). There was a J- 

haped association of usual SBP with all-cause mortality; risk was 

owest at ~130 mmHg, with a positive log-linear association above 

his (HR 1.18 [95% CI 1.18–1.19] per 10 mmHg). 

Usual DBP showed similar log-linear and J-shaped associations 

ith CVD outcomes and all-cause mortality, respectively ( Fig. S2 ). 

dditional adjustment for DBP attenuated the associations of usual 

BP with CVD and with all-cause mortality by ~25–40%, but sig- 

ificant positive associations remained ( Fig. S3 ). After additional 
5 
djustment for SBP, the associations of usual DBP with major is- 

haemic CVD and with all-cause mortality were fully attenuated, 

ut a positive association remained with ICH ( Fig. S4 ). 

There were similar shaped associations of usual SBP with risks 

f major CVD and all-cause mortality across age groups ( Fig. 

5 ), but the associations with MCE, total stroke and cardiovas- 

ular death were stronger at younger than at older ages ( p for 

rend ≤0.007) ( Fig. S6 ). There were otherwise little differences in 

he strength of these associations across population subgroups or 

tudy areas ( Fig. S7 ). There were no consistent differences in the 

ssociations of usual SBP between individuals with self-reported 

nd screen-detected T2D ( Fig. S8 ), and the associations were sim- 

lar among participants with and without self-reported hyperten- 

ion ( Fig. S9 ). Sensitivity analyses including individuals with prior 

VD ( Fig. S10 ), additionally excluding individuals with a history of 

ther chronic diseases and poor self-rated health at baseline ( Fig. 

11 ), or additionally adjusting for family history of CVD, diabetes 

nd CVD medication use, or duration of diabetes, did not materi- 

lly alter the findings. Compared with those without diabetes, the 

ssociations of usual SBP and DBP with CVD and with all-cause 

ortality among individuals with T2D were somewhat more mod- 

st ( Figs. S2 and S12 ). However, the absolute risks were signifi- 

antly greater at any given level of blood pressure among individ- 

als with, than without, diabetes. 

. Discussion 

In this large, nationwide, prospective cohort of Chinese adults 

ith T2D but no prior CVD, hypertension was common, but poorly 

iagnosed and controlled. Usual blood pressure was strongly pos- 

tively and log-linearly associated with risk of incident major CVD 

nd cardiovascular mortality, with no evidence of a threshold 

hroughout the range examined. If these associations are causal, 

9% of cardiovascular deaths among adults with T2D in China 

ould be attributed to uncontrolled hypertension. 

Compared with CKB participants without diabetes, hypertension 

as more prevalent in T2D (~55% vs. ~75%), consistent with fre- 

uent co-occurrence of these conditions [2] . Although blood pres- 

ure lowering treatment among those with previously diagnosed 

ypertension was more common in T2D [19] , the proportion con- 

rolled was similar irrespective of diabetes status. Blood pressure 

ontrol in diabetes often requires multiple anti-hypertensive ther- 

pies [16] , however, the majority of diagnosed hypertension in 

he present study was treated with a single agent, which may 

artly explain the low control rate. Moreover, ACE-inhibitors were 

arely used, despite their established benefits in diabetes [16] . Na- 

ionally representative population-based estimates from China of 



F. Bragg, J. Halsey, Y. Guo et al. The Lancet Regional Health - Western Pacific 7 (2021) 10 0 085 

Fig. 1. Cardiovascular deaths attributable to uncontrolled hypertension among individuals with type 2 diabetes. 

(a) Adjusted HR for cardiovascular death associated with uncontrolled hypertension (SBP ≥130 mmHg or DBP ≥80 mmHg) by age and sex. HRs are stratified by age-at-risk 

and study area and are adjusted for education, smoking, alcohol consumption, physical activity and BMI. Squares represent the HR with the area inversely proportional 

to the variance of the log HR, and error bars indicate the 95%CI. (b) Proportion of cardiovascular deaths attributable to uncontrolled hypertension among individuals with 

type 2 diabetes. Population attributable fraction (PAF) was calculated as P ∗([HR −1]/HR), where P is the proportion of individuals with type 2 diabetes who died due to 

cardiovascular disease with uncontrolled hypertension [27] . 

Fig. 2. Associations of usual systolic blood pressure with major cardiovascular diseases and all-cause mortality among individuals with type 2 diabetes. 

Stratified by age-at-risk, sex and study area and adjusted for education, smoking, alcohol consumption, physical activity and BMI. SBP category cut-points: baseline SBP 

< 115 mmHg, 115 to < 135 mmHg, 135 to < 150 mmHg, 150 to < 165 mmHg, 165 to < 180 mmHg, ≥180 mmHg. Squares represent the HR with area inversely proportional to 

the variance of the log HR, and error bars indicate the 95% CI. Adjusted HRs are plotted against mean usual SBP levels in each category. 

h

A

a

p

(

o

[

a

a

s

i

t

c

a

i

o

a

[

s

ypertension prevalence and management in diabetes are lacking. 

 2010–11 nationwide study of ~25,0 0 0 outpatients with T2D, with 

n average age of 63 years, reported that 60% had diagnosed hy- 

ertension, of whom 77% were treated and 17% were controlled 

 < 130/80 mmHg) [29] . Despite this previous study focusing only 

n patients with established T2D receiving hospital-based care 

29] , these findings are consistent with those in the present study, 

nd both highlight the need for improved hypertension detection 

nd management among individuals with diabetes in China, under- 

cored by the high prevalence of other CVD risk factors (e.g., smok- 
6 
ng among men), and infrequent use of cardio-protective medica- 

ions (e.g., statins). 

The present study demonstrated strong positive log-linear asso- 

iations of SBP with incident MCE and stroke, with no evidence of 

 threshold down to usual SBP levels of at least ~120 mmHg. This 

s broadly consistent with previous investigations showing continu- 

us positive associations with IHD and stroke extending to baseline 

nd usual SBP levels of 110–120 mmHg [6 , 30] and ~115–120 mmHg 

3 , 7 , 31] , respectively. Previous studies have repeatedly observed 

tronger associations of blood pressure with stroke than with IHD 
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7 
6 , 7 , 30] . For example, observational analysis of UK Prospective Dia- 

etes Study (UKPDS) data, including 3642 individuals with newly- 

iagnosed T2D, found 12% (95% CI 7–16%) and 19% (95% CI 14–24%) 

ower risk of MI and stroke, respectively, per 10 mmHg reduction 

n mean SBP [7] . In contrast, although the association with IHD 

HR 1.18) in CKB was consistent with other studies [3 , 7] , there was

 similar association with total stroke (1.19). A retrospective co- 

ort study, based on routine healthcare data for ~180,0 0 0 patients 

ith diagnosed T2D in Hong Kong, also found similar strengths 

f association of usual SBP with IHD (1.10 [95% CI 1.01–1.12] per 

0 mmHg higher) and total stroke (1.11 [1.09–1.13]), albeit weaker 

han those observed in the present study, possibly reflecting less 

obust CVD phenotyping [31] . Previous investigations of the as- 

ociations of blood pressure with stroke types in diabetes have 

een constrained by small numbers of stroke cases [3] , and CKB 

rovides the most reliable risk estimates to-date, demonstrating a 

tronger association with ICH than with IS. This is consistent with 

nalyses within the overall CKB cohort (HR 1.68 [95% CI 1.65–1.71] 

s. 1.30 [1.29–1.31] per 10 mmHg higher usual SBP) [32] , but dif- 

ers from findings from a general population, individual participant 

ata meta-analysis of one million participants, which showed no 

eterogeneity in the association of usual SBP with IS and haemor- 

hagic stroke mortality [4] . The comparable strengths of association 

ith MCE and IS in the present study might reflect the frequent 

se of neuroimaging in China, detecting less severe stroke events, 

hile the stronger association with ICH may partly reflect its high 

ase fatality rate [33] . 

Controversy persists regarding optimal blood pressure targets 

n diabetes [13 –16] . Although the observational nature of the 

resent analyses precludes causal inferences, they provide sup- 

ort for more intensive treatment targets (i.e., < 130/80 mmHg) 

or CVD prevention, consistent with ACC/AHA 

13 and Chinese Dia- 

etes Society guidelines [14] . Furthermore, the consistency of the 

bserved associations irrespective of prior CVD suggests this is rel- 

vant to both primary and secondary CVD prevention. Moreover, 

he stronger association with ICH further serves to highlight the 

otential value of such targets among populations (e.g., in China) 

ith high stroke incidence and mortality [34] . 

A positive log-linear association between blood pressure and 

ardiovascular mortality was observed in the present study, con- 

rasting with the apparent J-shaped association with all-cause mor- 

ality. Analysis of data from the Swedish national diabetes regis- 

er, including ~190,0 0 0 individuals with T2D and without previ- 

us CVD or other major diseases, similarly showed significantly 

igher all-cause mortality risk among individuals with baseline SBP 

evels of 110–119 mmHg (HR 1.28 [95% CI 1.15–1.42]) than 120–

29 mmHg (1.05 [0.97–1.13]) and 130–139 mmHg (1.00), with a 

ositive association above this [6] . In contrast, and consistent with 

eneral population studies [4 , 32] , the UKPDS analyses suggested no 

attening or higher risk at low SBP [7] . Attempts to address reverse 

ausality in CKB did not alter the observed associations. However, 

eaths in the lowest SBP category were among individuals with 

ow BMI and high rates of smoking and poor self-rated health, sug- 

estive of residual reverse causality. The apparent higher all-cause 

ortality risk at lower blood pressure levels may also reflect sus- 

eptible subgroups. This is supported partly by trial evidence, sug- 

esting blood pressure lowering may be less beneficial among indi- 

iduals with diabetes who have lower baseline blood pressure lev- 

ls [35 , 36] . However, the observed association with all-cause mor- 

ality risk highlights the need for caution in adopting more inten- 

ive blood pressure treatment targets and the value of personalised 

pproaches in T2D. 

The present study has several strengths, including the 

arge numbers of well-phenotyped CVD cases, and, in particu- 

ar, neuroimaging-confirmed (~90%) stroke cases, permitting the 

argest investigation to-date of the association of blood pressure 
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[  
ith stroke types in T2D. In combination with reliable blood pres- 

ure measurements, including repeat measurements among a sub- 

et of participants, this provides robust estimates of the associa- 

ion of average long-term blood pressure with risk of major CVD. 

owever, our study has certain limitations. Firstly, it was not pos- 

ible to adjust for blood lipid levels, HbA1c levels or renal func- 

ion in the present analyses, which may have resulted in residual 

onfounding of the association of blood pressure with cardiovas- 

ular disease. Secondly, although attempts were made to eliminate 

everse causality, individuals with prior heart failure could not be 

xcluded, which may have influenced the mortality findings [37] . 

hirdly, we were unable to identify participants with white coat or 

asked hypertension. Adjustment for regression dilution bias may 

n part have accounted for these phenomena, however, residual 

nder- or over-estimation of blood pressure associated CVD risks 

ay still exist. Fourthly, screen-detected diabetes was likely under- 

iagnosed due to reliance on glucose (without HbA1c) levels for di- 

gnosis, and limited phenotyping data available to differentiate be- 

ween diabetes types may have resulted in inclusion of some par- 

icipants with diabetes types other than T2D. However, such mis- 

lassification would not be expected to impact significantly on the 

resented risk estimates. Finally, CKB is not designed to be nation- 

lly representative; given the study population size and diversity, 

his would not be expected to bias risk estimates, but may impact 

n estimated disease burden. 

In conclusion, the present study provides important evidence 

f strong, continuous, positive risk associations of blood pressure 

ith CVD among adults with T2D in China, and highlights the 

eed for effective blood pressure control. Despite these continu- 

us associations, treatment thresholds and targets in hypertension 

re valuable in clinical management and the present findings sup- 

ort lower advocated thresholds ( < 130/80 mmHg) for CVD preven- 

ion. They also provide reliable evidence of the need for improved 

ypertension detection and management among adults with T2D 

n China, which, given demonstrated causal associations of blood 

ressure with CVD [38] , would be expected to have a substantial 

mpact on the diabetes-associated CVD burden in Chinese adults. 
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