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Background and Aim: Any single discrete blood pressure (BP) measurement is not 
enough to estimate adverse cardiovascular events. We aim to comprehensively investigate 
the association between BP indicators and stroke.
Methods: An observational cohort study was conducted among 2888 Shanghai community- 
aged residents from 2014 to 2018, and a nested case-control study was designed to identify 
the association between BP indicators and stroke. In total 415 cases of stroke detected during 
the study period were selected as the case group and 415 non-stroke subjects, matched with 
factors of age and gender, were randomly selected from the cohort as control group.
Results: Multivariate logistic regression analysis revealed that systolic blood pressure (SBP) 
(adjusted odds ratio [AOR] 1.02, 95% confidence interval [CI] 1.02–1.03), pulse pressure 
(PP) (AOR 1.03, 95% CI 1.02–1.04), mean arterial pressure (MAP) (AOR1.02, 95% CI 
1.01–1.04) and pulse pressure index (PPI) (AOR 25.68, 95% CI 3.19–206.90) increased the 
risk of stroke, respectively. After fitting both BP indicators and covariates, isolated abnormal 
SBP (AOR 2.55, 95% CI 1.74–3.72) or PP ≥50 mmHg (AOR 1.66, 95% CI 1.08–2.56) 
independently increased risk of stroke.
Conclusion: Besides SBP, PP and multiple factors, assessment should be taken into account 
comprehensively for stroke prevention and management.
Keywords: blood pressure; BP, stroke, nested case-control study, primary care

Background
Stroke is one of the most prominent health problems and has a high mortality rate. 
About 15 million people worldwide suffer from stroke, leaving 10 million people 
dead or permanently disabled every year.1–3 In China, stroke has become the 
leading cause of death among adults over the age of 204,5 and the prevalence of 
stroke in Chinese adults was over 1.29%,4 resulting in an estimated healthcare cost 
of at least US$6 billion annually.4,6 Thus, identifying people at risk and designing 
an effective medical management strategy are necessary for stroke prevention and 
management.

Hypertension, the most important modifiable risk factor for stroke, was esti-
mated to affect approximately 28% of adults in China between 2013–2014. 
Therefore, regular blood pressure (BP) measurement is commonly performed in 
both clinical treatment and the management of stroke subjects. Systolic blood 
pressure (SBP) and diastolic blood pressure (DBP) were confirmed as independent 
risk factors for stroke, and each of them can be used to predict the risk of stroke.7–9 
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The Framingham cardiovascular disease (CVD) risk 
model10 also used SBP as one of the main risk factors to 
predict adverse cardiovascular events. Recent studies 
further identified other BP indicators, including pulse pres-
sure (PP), mean arterial pressure (MAP)9 and pulse pres-
sure index (PPI) were also as good predictors of stroke. PP 
increases greatly after 50 years of age as a result of arterial 
wall stiffening with the associated increase in SBP and 
decrease in DBP. Studies also indicated that PP was 
a better predictor than SBP for estimating the risk of 
coronary heart disease (CHD), heart failure (HF) and 
stroke.9,11–14 MAP is considered to be the perfusion pres-
sure for the organs of the body, which is used to monitor 
cerebral blood flow perfusion, and has a significant corre-
lation with the occurrence of stroke.15 Another indicator, 
PPI, a derivation from the analogy of Ohm’s law,16 was 
negative correlation with vascular compliance, which can 
reflect vascular compliance, and predict cardiovascular 
outcomes as well.16

However, most previous studies have focused on 
assessment of the effect of a single discrete BP indicator 
on adverse cardiovascular events, few studies systemati-
cally evaluated the effect of different BP indicators on the 
risk of stroke at the same time.12,17,18 The present nested 
case-control study was designed to comprehensively eval-
uate the different BP indicators for the risk of stroke, then 
provide detailed epidemiological evidence for stroke pre-
vention and management.

Method
Study Participants
A total of 2888 eligible participants (1167 were men) were 
recruited ibetween January 1st to December 31st, 2014, in 
Anting Town of Jiading district in Shanghai, China. The 
study conformed to the provisions in accordance with the 
Helsinki Declaration as revised in 2013 and approved by 
the medical ethical review committee of Tongji University. 
All participants signed informed consent and all programs 
were implemented in accordance with the relevant 
regulations.

Participants enrolled in the study met the following 
conditions: 1) residents aged 65 or older; 2) conventional 
residents in Anting Town; and 3) individuals without 
stroke, multiple system organ dysfunction or failure, or 
serious cardiovascular and cerebrovascular diseases at 
baseline.

Exclusion criteria included: 1) clinically diagnosed 
malignant tumor or serious mental diseases; 2) abnormal 
hearing, vision and speech state; and 3) other diseases with 
life expectancy less than 5 years.

Participants were recruited by primary care doctors or 
notified by bulletin boards in community health centers. 
Among them, 415 participants were diagnosed with stroke 
during the 4-year follow-up. The definition of stroke is 
based on ICD-10 of WHO: stroke, not specified as hemor-
rhage or infarction (I64), include cerebrovascular accident 
NOS (not otherwise specified) and exclude sequelae of 
stroke (I69.4). Diagnosis and causes of stroke were adju-
dicated by two cardiologists; disagreements over stroke 
diagnosis were settled by consulting a neurologist or 
obtaining medical documents. And a control group 
matched by age (±3 years) and gender through propensity 
score matching was identified from the same cohort for 
each case subject. The control subject was in survival state 
when the case subject was diagnosed.

Sociodemographic and Anthropometric 
Data
Sociodemographic and anthropometric data including gen-
der, age, smoking, drinking, dietary habits, and regular 
physical exercise were collected at baseline. History of 
diseases and medications were recorded through self- 
report, including hypertension, diabetes, dyslipidemia 
CHD, stroke and other diseases, and medications including 
antidiabetic, antihypertensive, anticoagulation, lipid low-
ering drugs and other drugs in current use.

Smoking was defined as having at least one cigarette 
per day in the past year.19 Drinking was defined as mod-
erate or more alcohol intake according to the Dietary 
Guidelines for Americans, i.e., more than 7 drinks (14 
grams of pure alcohol per drink) per week for women 
and more than more than 14 drinks per week for men.20 

Dietary habit, which refers to whether the high salt intake, 
is defined as a daily intake of more than 6 grams of salt.21 

Exercise habit was defined as having moderate intensity 
exercise lasting more than 30 minutes at least 3 times 
a week.

Anthropometric measurements were recorded by phy-
sical examination. Weight and height measured by primary 
care doctors and Body Mass Index (BMI) was calculated 
as weight/height2 (kg/m2). Waist and hip measured by 
primary care doctor and waist–hip ratio (WHR) was cal-
culated as waist/hip. BP was measured by a uniform type 
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of a uniform type of instrument (HEM-770A, Omron), and 
all participants examined the right arm at a sitting position 
after resting for at least 5 minutes.

All BP measurements were taken in the morning and 
the average of the twice consecutive BP readings was 
recorded. PP was calculated as SBP-DBP, MAP was cal-
culated as DBP+PP/3 and PPI calculated as PP/SBP.16

All examinations were performed once a year, new 
diseases and drug uses were recorded as well.

Laboratory Assessments
Fasting total cholesterol (TC), triglyceride (TG), and fast-
ing blood glucose (FBG) were measured biochemical mea-
surements. Low-density lipoprotein cholesterol (LDL-C) 
and high-density lipoprotein cholesterol (HDL-C) were 
determined with homogeneous assay (Daiichi, Tokyo, 
Japan). Glycated hemoglobin (HbA1c) was analyzed by 
high-performance liquid chromatography.

Quality Control
All participants received a uniform physical examination 
and health information collection in Anting Community 
Health Service Center. All examinations and information 
collection were completed by clinicians who have received 
professional training with detailed explanations about pur-
pose of physical examination, inquiry methods, profes-
sional clinical and pharmacological terms and items 
before the examination in order to reduce cognitive errors 
and omissions.

Relevant information of the research object was saved 
in the electronic database of Anting Community Health 
Service Center. The research did not involve the patient’s 
name or identity information and keeps all information 
strictly confidential.

Statistical Analyses
Statistical software SPSS20.0 (SPSS Inc., Chicago, IL, 
USA) and R (version 2.13.2) were used for data manage-
ment and analyses. Categorical variables were summarized 
as percentage and the differences between groups were 
compared by chi-squared (χ2) test. Continuous variables 
were presented as mean ± standard deviation (SD) for 
normal distribution, and as medians with interquartile 
range (skewed distribution), therefore, independent sam-
ples t-test and Mann–Whitney U-test were used to com-
parison between groups. In addition, each BP indicator 
was formed into four categories according to Guidelines 
for the prevention and treatment of hypertension in China 

201722 and percentage from the lowest to the highest 
value. A conditional logistic regression model was estab-
lished to analyze the association related indicators and 
stroke. Receiver operating characteristic (ROC) curve 
was used to study the effectiveness of different BP indi-
cators in predicting the risk of stroke and determine the 
boundary value of BP indicators for predicting the risk of 
stroke according to the Youden´s index. RMS package of 
R was used to build nomogram model.23,24 All statistical 
tests were two-tailed with type I error of 0.05, and were 
significant if P-value was less than 0.05.

Results
Eight hundred and thirty subjects were included in the 
investigation. The average age was 69.29±5.68 years, 
and approximately 45% were men. The characteristics of 
study participants are presented in Table 1. Indicators of 
BP, SBP, DBP, PP, MAP and PPI levels were significantly 
higher in stroke group than those in control group (All 
P<0.05). Stroke patients were more likely to have previous 
hypertension, diabetes mellitus, dyslipidemia, CHD, 
higher HDL-C level and usage of antihypertensive drugs, 
antidiabetic drugs and lipid lowering drugs than controls 
(All P <0.05); while, a lower proportion of participants in 
stroke group had a history of alcohol consumption and 
regular physical exercise (All P <0.05); otherwise, the 
differences in the remaining characteristics were not dis-
tinct (All P>0.05).

The marked association between BP indicators includ-
ing SBP, PP, MAP and PPI and incident stroke still 
remained after adjustment for covariates (All P<0.05) 
(Table 2). SBP ≥ 140 mmHg (SBP [140–160 mmHg], 
AOR 1.60, 95% confidence interval (CI) 1.15–2.23; SBP 
[160–180 mmHg], AOR 2.26, 95% CI 1.44–3.56; SBP 
[>180 mmHg], AOR 16.709, 95% CI 3.79–73.66), the 
fourth quartile of PP (AOR 3.71, 95% CI 2.39–5.78), the 
third quartile (AOR 1.66, 95% CI 1.08–2.55) and the 
fourth quartile (AOR 2.14, 95% CI 1.38–3.30) of MAP 
and the third quartile (AOR 1.78, 95% CI 1.17–2.71) and 
the fourth quartile (AOR 1.74, 95% CI 1.14–2.66) of PPI 
markedly increased the risk of stroke.

The ROC curve was further used to detect the effect of 
different BP indicators on stroke and the areas under curve 
(AUC) of each individual BP item were shown in Table S1. 
Furthermore, the significant variables (P<0.05) in Table 1 
were selected into the nomogram model construction, 
excluded attenuated influence on stroke by multicollinearity 
with other variables, eventually independent prognostic 
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factors including BP indicators, HDL-C, regular physical 
exercise, previous hypertension and CHD were enrolled to 
develop the prognostic nomogram model (Figure 1). By 
locating and summing the points for each prognostic factor 
and projecting the total score onto the bottom scale, the 
4-year probability of stroke can be predicted. Detailed scores 
for each prognostic factor in the graph are shown in Table S2. 
Calibration curve were used to evaluate whether the nomo-
grams were credible via internal validation for each BP 

indicators. The results revealed that the C-index values of 
SBP: 0.742, 95% CI 0.707–0.773 (Figure 2A), DBP: 0.721, 
95% CI 0.686–0.755 (Figure 2B), MAP: 0.732, 95% CI 
0.697–0.765 (Figure 2C), PP: 0.740, 95% CI 0.705–0.772 
(Figure 2D) and PPI: 0.729, 95% CI 0.694–0.762 (Figure 
2E), respectively.

Further analysis of the risk for stroke by SBP and PP 
built by multivariate logistic regression model showed that 
isolated abnormal SBP (AOR 2.55, 95% CI 1.74–3.72) or 
PP ≥ 50 mmHg (AOR 1.66, 95% CI 1.08–2.56) can sig-
nificantly increase the risk of stroke. Abnormal SBP com-
bined with increased PP increased the risk of stroke by 2.7 
times (AOR 2.72, 95% CI 1.84–4.03) (Figure 3).

Table 1 Characteristics of Study Participants

Characteristics Case 
Participants 
(n=415, %)

Control 
Participants 
(n=415, %)

P-value

Sociodemographic and behavioral features

Age (years) 69.59±5.77 68.99±5.58 0.128

BMI 24.84±3.63 24.80±3.38 0.878

SBP (mmHg) 146.16±20.47 137.21±20.30 <0.001
DBP (mmHg) 79.99±12.03 78.04±11.60 0.018

PP (mmHg) 66.17±17.56 59.17±17.01 <0.001
MAP (mmHg) 102.05±12.95 97.77±12.76 <0.001

PPI 0.45±0.08 0.43±0.08 <0.001

TG (mmol/L) 1.53±1.00 1.49±0.85 0.545
TC (mmol/L) 4.83±0.96 4.82±0.96 0.890

LDL-C (mmol/L) 2.88±0.90 2.90±0.86 0.716

HDL-C (mmol/L) 1.31±0.34 1.41±0.39 <0.001
HbA1c (%) 6.06±0.96 6.05±1.00 0.857

FBG (mmol/L) 5.75±1.37 5.80±1.50 0.682

Smoking 103(24.8) 125(30.1) 0.051
Drinking 20(4.8) 33(8.0) 0.044

High salt diet 3(0.7) 2(0.5) 0.500a

Regular physical 
exercise

131(31.6) 177(42.7) 0.001

Medical history

Hypertension 333(80.2) 218(52.5) <0.001

Diabetes 94(22.7) 57(13.7) 0.001
Dyslipidemia 72(17.3) 40(9.6) 0.001

Coronary heart 

disease

193(46.5) 84(20.2) <0.001

Medications

Antihypertensive 272(65.5) 171(41.2) <0.001

Antidiabetic 71(17.1) 39(9.4) 0.001

Lipid lowering drugs 31(7.5) 14(3.4) 0.007

Notes: The variables with normal distribution were expressed as the mean± SD. 
Categorical variables were presented as number of patients (column percentage). 
aFisher’s exact probability test. 
Abbreviations: BMI, body mass index; WHR, waist hip ratio; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; PP, pulse pressure; MAP, mean arterial 
pressure; PPI, pulse pressure index; TG, triglyceride; TC, total cholesterol; LDL- 
C, Low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein choles-
terol; HbA1C, glycated hemoglobin; FBS, fasting blood glucose.

Table 2 Relationship Between Different Blood Pressure 
Indicators and the Risk of Stroke

Variables AOR 95% CI P-value

SBP (mmHg) 1.02 1.02–1.03 <0.001

Normal (<140) – Reference

Stage I (140–160) 1.60 1.15–2.23 0.006
Stage II (160–180) 2.26 1.435–3.56 <0.001

Stage III (>180) 16.71 3.79–73.66 <0.001

DBP (mmHg) 1.01 0.99–1.03 0.068

Normal (<90) – Reference
Stage I (90–100) 2.01 1.29–3.14 0.002

Stage II (100–110) 2.32 0.96–5.59 0.061

Stage III (>110) 0.45 0.09–2.25 0.333

PP (mmHg) 1.03 1.02–1.04 <0.001

First quartile (<50) – Reference
Second quartile (50–60) 1.80 1.19–2.75 0.006

Third quartile (61–73) 1.43 0.94–2.17 0.099

Fourth quartile (>73) 3.71 2.39–5.78 <0.001

MAP (mmHg) 1.02 1.01–1.04 <0.001

First quartile (<91) – Reference
Second quartile (91–100) 0.85 0.55–1.30 0.440

Third quartile (100–108) 1.66 1.08–2.55 0.020

Fourth quartile (>108) 2.14 1.38–3.30 0.001

PPI 25.68 3.19–206.90 0.002

First quartile (<0.39) – Reference
Second quartile (0.39–0.44) 0.78 0.51–1.19 0.248

Third quartile (0.44–0.49) 1.78 1.17–2.71 0.007

Fourth quartile (>0.49) 1.74 1.14–2.66 0.010

Notes: The variables that indicated P<0.05 in Table 1 were selected into the 
logistic regression model for assessment of each blood pressure indicators corre-
lated with stroke. SBP and DBP were formed into four categories according to 
Guidelines for the prevention and treatment of hypertension in China 2017. PP, 
MAP and PPI were categorized into quartiles from the lowest to the highest value. 
Multivariate model-controlled baseline HDL-C level, drinking history, regular phy-
sical exercise, medical history and medications. 
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, 
pulse pressure; MAP, mean arterial pressure; PPI, pulse pressure index.
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Figure 1 Nomogram constructed from baseline related indicators. 
Notes: To calculate participants’ stroke incident probability, points for each parameter are assigned by corresponding values from the “Points” axis, and sum of the points is 
plotted on “Total points” axis. The stroke incident probability is the value at a vertical line from corresponding total points. 
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure; MAP, mean arterial pressure; PPI, pulse pressure index.
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Discussion
As the leading cause of CVD deaths in China, stroke not 
only impacted greatly on life quality, but caused an sig-
nificantly increased in economic burden of society.25 

A community-based nested case-control study was 
designed in this study to reveal the association between 
BP indicators and stroke. We revealed approximately 
14.4% of participants experienced a stroke event during 
a 4-year follow-up. SBP, PP, MAP, PPI, HDL-C, daily 
physical exercise, previous hypertension and CHD were 
independent risk factors for stroke, which is consistent 
with the results of Domanski et al26 We also found that 
besides SBP, PP was another powerful predictor for stroke 
even in the presence of normal SBP.

PP affected the stability of arterial plaque and there-
fore is the strongest independent predictor of arterial 
plaque ulcer.27 The damage of vascular endothelial func-
tion and the increase of arterial stiffness might lead to 
a vulnerable inner wall of blood vessel. The pressure on 
the artery rises with the increase of PP, which makes it 
easier for blood to exude from the wall of blood vessel 
and aneurysm wall to rupture and form cerebral hemor-
rhage as well. In addition, the increase of PP will make 
the carotid plaque unstable and thus lead to cerebral 
infarction. According to the hypertension guidelines 
issued by the European Society of Cardiology and 
European Society of Hypertension in 2013, PP≥ 60 
mmHg in the elderly population is thought to significantly 
increase cardiovascular mortality.14,28 While, PP greater 
than 50 or 55 mmHg might be a risk factor for cardiovas-
cular events29,30 and our results are consistent with this 
recommendation. The simple nomogram model showed 
PP more than 50 mmHg was considered to increase the 
risk to stroke, as the aged population is more prone to 
atherosclerosis and stroke, lower PP levels are needed to 
reduce the risk.

Many factors related to stroke have been well clarified, 
such as age, hypertension, diabetes mellitus, dyslipidemia and 
other cardiovascular risk factors can damage vascular endothe-
lial function.31,32 In this study, we found that single BP indi-
cator was not enough to predict stroke events well. One 
possible explanation is that the antihypertensive drugs use 
reduces the predictive power of BP. Therefore, multiple factors 
were used to predict stroke in this study. HDL level, history of 
hypertension and CHD, daily physical exercise and BP indi-
cators were finally set together into the nomogram prediction 
model and each of the fitting blood indicators can predict 
stroke event better than before. Our results gave details that 
PP might as important as SBP in predict the accident of stroke 
among Chinese community aged population, and for primary 
care workers, PP less than 50 mmHg was suggested as the best 
management standard, especially when the SBP and DBP of 
community residents are not up to the standard of hyperten-
sion, e.g., resting BP of 130/65 mmHg, health care workers 
should pay attention to it and carry out a closer follow-up. In 
addition, for patients with PP greater than 50 mmHg, proper 
antihypertensive drugs should be used in antihypertensive 
treatment to avoid cardiovascular risk caused by excessive 
PP. Finally, controlling the HDL level and daily physical 
exercise education of elders should be promoted among pri-
mary care workers, and for patients with hypertension and 
CHD history, stricter BP and blood lipid control should be 
performed to avoid the occurrence of stroke.

This study has several strengths. First, a matched case- 
control design with extreme phenotype was used to max-
imize the efficiency of the study and minimize potential 
confounders. Second, data and results of the investigation 
were obtained at the follow-up, avoiding the recall bias of 
the case-control study. Third, although subgroups of stroke 
were not further identified, we gave a detailed evaluation 
for the association between various BP indicators and 
stroke among a community-based population, which 

Figure 3 Forest plots for different SBP and PP conditions. 
Notes: SBP was formed into normal group and abnormal group according to 140mmHg, PP was formed into group according to 50mmHg. Multivariate model-controlled 
baseline HDL-C level, drinking history, regular physical exercise, medical history and medications. 
Abbreviations: AOR, adjusted odds ratio; SBP, systolic blood pressure; PP, pulse pressure.
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provided epidemiological evidence for the prevention of 
stroke and relative adverse events in primary care.

Our study also has several limitations. First, the clinical 
types of stroke were not subdivided, the risk of ischemic 
stroke may not be exactly the same as hemorrhagic stroke. 
Second, we have adjusted for all known covariates, but it 
is possible that some residual confounding covariates may 
remain especially in a secondary analysis. Third, although 
the potential influence of physical exercises, smoking and 
drinking levels were taken into account when estimated 
the association between BP indicators and stroke, the 
results may not be accurate because self-report-based esti-
mation offer inaccurate basis for scientific conclusions.

Conclusion
This community-based study of a geriatric population 
demonstrated that beyond SBP, PP more than 50 mmHg 
should be paid more attention in the primary stroke man-
agement. Further cohort study is warranted to verify PP in 
prediction of the risk for incident stroke.
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