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ORIGINAL INVESTIGATION

Predictive value of visit-to-visit blood 
pressure variability for cardiovascular events 
in patients with coronary artery disease 
with and without diabetes mellitus
Yuen‑Kwun Wong1, Yap‑Hang Chan1, JoJo S. H. Hai1, Kui‑Kai Lau1 and Hung‑Fat Tse1,2,3,4*  

Abstract 

Background: High blood pressure is a major risk factor for cardiovascular disease. Visit‑to‑visit blood pressure vari‑
ability (BPV) has recently been shown to predict cardiovascular outcomes. We investigated the predictive value of BPV 
for major adverse cardiovascular events (MACE) among patients with coronary artery disease (CAD), with and without 
type 2 diabetes mellitus (T2DM).

Methods: Patients with stable CAD were enrolled and monitored for new MACE. Visit‑to‑visit BPV was defined as the 
coefficient of variation (CV) of systolic and diastolic BP across clinic visits. Multivariable logistic regression analysis was 
performed to evaluate the association of BPV with MACE. Area under the receiver operating characteristic curve (AUC) 
was used to assess its predictive ability.

Results: Among 1140 Chinese patients with stable CAD, 192 (17%) experienced a new MACE. In multivariable 
analyses, the risk of MACE was significantly associated with CV of systolic BP (odds ratio [OR] for highest versus lowest 
quartile, 3.30; 95% CI 1.97–5.54), and diastolic BP (OR for highest versus lowest quartile, 2.39; 95% CI 1.39–4.11), after 
adjustment for variables of the risk factor model (age, gender, T2DM, hypertension, antihypertensive agents, number 
of BP measurements) and mean BP. The risk factor model had an AUC of 0.70 for prediction of MACE. Adding systolic/
diastolic CV into the risk factor model with mean BP significantly increased the AUC to 0.73/0.72 (P = 0.002/0.007). 
In subgroup analyses, higher CV of systolic BP remained significantly associated with an increased risk for MACE in 
patients with and without T2DM, whereas the association of CV of diastolic BP with MACE was observed only in those 
without T2DM.

Conclusions: Visit‑to‑visit variability of systolic BP and of diastolic BP was an independent predictor of new MACE 
and provided incremental prognostic value beyond mean BP and conventional risk factors in patients with stable 
CAD. The association of BPV in CAD patients without T2DM with subsequent risk for MACE was stronger than in those 
with T2DM.
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Background
Individuals with coronary artery disease (CAD) are at 
increased risk of recurrent cardiovascular events and 
death. Intensive risk factor management and lifestyle 
modification are essential for secondary prevention of 
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cardiovascular disease (CVD) [1, 2]. High blood pres-
sure (BP) is one of the major risk factors for development 
of CVD. The risk of long-term cardiovascular mortality 
increases progressively as BP rises above 115/75 mmHg 
[3]. In addition, clinical trials have reported that inten-
sive BP control in high-risk patients, such as those with 
previous cardiovascular events, type 2 diabetes mellitus 
(T2DM) and the elderly, is associated with lower rates of 
major cardiovascular events and mortality [4–6]. Appro-
priate management of hypertension to achieve optimal 
BP control is therefore critically important.

Many of the CVD risk estimation scores include BP 
as one of the core variables. Nonetheless BP is prone to 
variation so a risk score that relies on a single measure-
ment may underestimate the true effect of the association 
[7]. Recent studies have demonstrated that BP variabil-
ity (BPV) is associated with increased risk of cardiovas-
cular events and mortality in high-risk patients [8–11]. 
Long-term visit-to-visit BPV has also been shown to be 
reproducible over time and an important risk factor for 
CVD, CAD, stroke and mortality [12–14]. It is unknown 
whether visit-to-visit BPV provides any incremental 
value for risk prediction in patients with established 
CAD. Furthermore, previous studies demonstrated that 
visit-to-visit variability in systolic BP was an independ-
ent predictor of macro- and microvascular outcomes 
and mortality in individuals with T2DM [9, 15], but few 
reported the risk associated with BPV in individuals 
without T2DM [16]. Whether visit-to-visit BPV among 
CAD patients with or without T2DM is associated with 
future risk for CVD events remains unknown.

In this study, we investigated the association of visit-
to-visit BPV with risk for major adverse cardiovascu-
lar events (MACE) in CAD patients with and without 
T2DM. We also evaluated the contribution of BPV to 
cardiovascular risk prediction beyond mean BP and con-
ventional risk factors.

Methods
Study population
Consecutive patients with stable CAD who attended 
follow-up at the Cardiac Clinic, Queen Mary Hospital, 
Hong Kong between December 2003 and December 2014 
were recruited. CAD was defined according to the Amer-
ican College of Cardiology guidelines [17]. All patients 
received evidence-based medical therapies including 
coronary revascularization and statins. Patients were fol-
lowed up every 3 to 4 months at clinics run by the Hong 
Kong Hospital Authority. The study was approved by the 
local Institutional Review Board (IRB approval number: 
UW18-309) and written informed consent was obtained 
from all patients. Baseline examinations, outcome 

classification and sample size calculation details are pro-
vided in Additional file 1.

BP measurements and visit‑to‑visit BPV
The procedure for measuring BP followed standard 
guidelines. At each clinic visit, two brachial BPs were 
measured in the right arm by a nurse using an automated 
oscillometric device (Dinamap PRO 100) with the patient 
seated and having rested for 10 min and the mean value 
recorded. BP measurements taken after the baseline 
clinic visit and before the occurrence of event of interest 
or censoring were retrospectively retrieved from patient’s 
electronic medical record to calculate the mean BP and 
visit-to-visit BPV. For each patients, mean BP was calcu-
lated as the average of the BP readings taken during the 
follow-up period. Visit-to-visit BPV was defined using 
coefficient of variation (CV), standard deviation (SD) and 
average real variability (ARV). All parameters were evalu-
ated for both systolic BP and diastolic BP. Formulas used 
to calculate the metrics of BPV are presented in Addi-
tional file 1.

Statistical analysis
Continuous data are expressed as mean ± SD and cat-
egorical data as number and percentage. The Kolmogo-
rov–Smirnov test was used to evaluate the normality 
assumption for continuous variables. Any variable with 
skewed distribution was transformed using natural log-
arithms prior to analysis. Each BPV measure was cat-
egorized by quartile, with the lowest quartile used as the 
reference. Comparisons between groups were evaluated 
using Analysis of Variance for continuous variables and 
Chi-square test for categorical variables. Multivariable 
linear regression analysis was performed to determine 
which factors were independently associated with CV 
of BP. Variables with P < 0.10 in the univariable analy-
ses were included in the multivariable linear regression 
model. Pearson correlation coefficient used to measure 
the relationship between number of BP measurements 
and risk factors.

Logistic regression models were used to assess the 
association of CV of BP with MACE, adjusting for age, 
gender, clinical risk factors (current smoker, body mass 
index, T2DM, hypertension), history of myocardial 
infarction, use of antihypertensive medication (beta-
blocker, calcium channel blocker, angiotensin-convert-
ing enzyme inhibitor [ACEI] and angiotensin receptor 
blocker), number of BP measurements, and mean BP 
level during the same period of BPV measurement. Mul-
tivariable models were applied separately for systolic 
BP and diastolic BP. Details of variable selection for the 
logistic regression models are described in Additional 
file  1. Linear trends across quartiles were calculated by 
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including quartile as a continuous variable in the models. 
Similar analyses were conducted for SD and ARV of sys-
tolic and diastolic BP. Tests for the interaction of age, gen-
der and T2DM status with quartile of CV of systolic and 
diastolic BP were also performed. The incremental pre-
dictive value of a model was assessed by area under the 
receiver operating characteristic curve (AUC), category-
free net reclassification index (NRI) and integrated dis-
crimination improvement (IDI). The differences between 
AUCs were compared using the DeLong test [18].

To account for the number of BP measurements var-
ied between patients, we performed a sensitivity analy-
sis based on BP measurements from the first 6 visits and 
tested whether the CV calculated from these measure-
ments was associated with MACE. Intraclass correlation 
coefficient was used to assess the agreement between CV 
calculated from different number of measurements.

Statistical analyses were performed using STATA sta-
tistical software (version 14.0) and R-programming lan-
guage (version 3.5.3). A two-sided P value < 0.05 was 
considered statistically significant.

Results
After excluding 73 patients who attended fewer than four 
clinic visits during the follow-up period, 1140 patients 
were included in the final analysis and the missing 
anthropometric data (n = 57) were imputed (Additional 
file  2: Figure S1). The mean age of study participants 
was 66 ± 11  years, 75% were male and 402 (35%) had 
T2DM. The mean number of clinic BP measurements 
per patient was 21 ± 15 (median, 18), and the median 
interval between measurements was 132 (interquartile 
range, 94–173) days. There were 192 (17%) patients expe-
rienced a new MACE during the follow-up period (mean 
83 months). Among them, 39 (20%) suffered a non-fatal 
acute myocardial infarction, 31 (16%) developed non-
fatal acute coronary syndrome, 39 (20%) had a non-fatal 
stroke, 12 (6%) had symptomatic peripheral vascular dis-
ease requiring treatment, and 71 (37%) died from cardio-
vascular causes.

Baseline characteristics of all patients with and without 
MACE are summarized in Table  1. Patients who devel-
oped any MACE were significantly older, more likely 
to be female, and more likely to have hypertension and 
T2DM, as well as higher mean SD, CV and ARV of sys-
tolic and diastolic BP, and a lower baseline diastolic BP 
than those who did not develop a MACE (all P < 0.05). 
In addition, patients with a MACE were less likely to be 
prescribed beta-blockers. Nevertheless there were no 
significant differences in body mass index or lipid levels 
between those with and without MACE. Compared with 
non-T2DM patients, patients with T2DM were older, 
more likely to be female and had a slightly higher body 

mass index (Additional file  3: Table  S1). Also, T2DM 
patients were more likely to have hypertension and be 
prescribed ACEIs, and had higher mean, SD, CV and 
ARV of systolic and diastolic BP.

Patients with higher CV of systolic BP were older, more 
likely to be female, to have T2DM, hypertension and be 
prescribed calcium channel blockers, and had a lower 
mean diastolic BP than those with lower CV of systolic 
BP (Additional file 3: Table S2). Similar associations were 
found for CV of diastolic BP (Additional file 3: Table S3). 
Multivariable linear regression analysis showed that CV 
of systolic BP was significantly and positively associated 
with age, presence of T2DM and hypertension, and num-
ber of BP measurements (Additional file  3: Table  S4). 
Similarly, CV of diastolic BP was significantly and posi-
tively associated with age, female gender, presence of 
hypertension and number of BP measurements, but neg-
atively associated with prescription of beta-blockers and 
mean diastolic BP. Pearson correlation coefficient showed 
that the number of BP measurements was correlated with 
age and the presence of T2DM and hypertension (Addi-
tional file 3: Table S5).

In the univariable logistic regression analysis, variables 
including T2DM, hypertension and beta-blocker use 
were significantly associated with MACE (all P < 0.05) and 
were entered into the multivariable model (Additional 
file  3: Table  S6). In the multivariable logistic regression 
model, patients with stable CAD in the highest quartile 
for CV of systolic BP were at significantly higher risk of 
MACE compared with those in the lowest quartile, after 
full adjustment for age, gender, T2DM, hypertension, 
beta-blocker and ACEI prescription, number of BP meas-
urements and mean systolic BP during the measurement 
period (Table 2; Model 3). The adjusted odds ratio for the 
highest versus lowest quartile of CV of systolic BP was 
3.30 (95% CI 1.97–5.54; P for trend < 0.001). Likewise, 
the CV of diastolic BP was significantly associated with 
a higher risk for MACE; the adjusted odds ratio for the 
highest versus lowest quartile of CV of diastolic BP was 
2.39 (95% CI 1.39–4.11; P for trend = 0.002). The results 
were consistent when modeling the variability of systolic 
and diastolic BP using SD and ARV (Additional file  3: 
Table S7).

The risk factor model (composed by covariates in 
Model 2) yielded an AUC of 0.70 (95% CI 0.65–0.74) for 
prediction of MACE (Table 3). The addition of systolic or 
diastolic CV to the risk factor model with mean BP sig-
nificantly improved the model performance, with AUC 
further increased to 0.73 (95% CI 0.69–0.77; difference 
in AUCs, 0.03; P = 0.002) for systolic BP and 0.72 (95% 
CI 0.68–0.76; difference in AUCs, 0.02; P = 0.007) for 
diastolic BP. There was no significant increase in AUC 
when only mean systolic or diastolic BP was added to 
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the risk factor model (Table 3; Model S1/D1). As shown 
in Table  3, significant improvement in risk reclassifica-
tion and discrimination was also observed for models 
with the addition of systolic or diastolic CV (Model S2: 
NRI, 26.3%; 95% CI 10.9–41.8; IDI, 2.3%; 95% CI 1.0–3.4; 
Model D2: NRI, 25.2%; 95% CI 9.8–40.7; IDI, 1.6%; 95% 
CI 0.5–2.8).

Interaction analyses showed that the association of CV 
of systolic and diastolic BP with occurrence of MACE 
differed between patients with and without T2DM (P 
interaction, 0.027 for systolic CV; 0.035 for diastolic CV). No 
significant interaction of age or gender with CV of sys-
tolic and diastolic BP (all P interaction > 0.05) was observed 
in the multivariable models.

Patients with T2DM had a higher rate of MACE than 
those without (25% versus 12%; P < 0.001). After full mul-
tivariable adjustment (Model 3), higher CV of systolic BP 
remained significantly associated with MACE in both 
patients with and without T2DM, whereas a significant 
association of CV of diastolic BP with risk of MACE was 
observed only in patients without T2DM (Table 4).

The sensitivity analysis showed that the association of 
BPV with MACE among patients with stable CAD was 
similar and remained significant when based on CV of 
BP calculated from 6 measurements (Additional file  3: 
Table S8).

In the intraclass correlation coefficient analysis, the 
BPV calculated from 6 measurements showed good 

Table 1 Baseline characteristics of the study cohort

Data are shown as mean ± SD or n (%). ACEI angiotensin converting enzyme inhibitor, ARB angiotensin receptor blocker, ARV average real variability, BMI body mass 
index, CCB calcium channel blocker, CV coefficient of variation, DBP diastolic blood pressure, HbA1c hemoglobin A1c, HDL high-density lipoprotein, LDL low-density 
lipoprotein, MI myocardial infarction, SBP systolic blood pressure, SD standard deviation, T2DM type 2 diabetes mellitus

Variables All Subjects with major adverse 
cardiovascular events

Subjects without major adverse 
cardiovascular events

P value

n 1140 192 948

Age, years 66 ± 11 70 ± 9 65 ± 11  < 0.001

Male 859 (75) 133 (69) 726 (77) 0.032

Current smoker 182 (16) 35 (18) 147 (16) 0.35

BMI, kg/m2 25.3 ± 3.6 25.3 ± 3.7 25.4 ± 3.6 0.71

T2DM 402 (35) 100 (52) 302 (32)  < 0.001

Hypertension 827 (73) 159 (83) 668 (70)  < 0.001

Prior history of MI 83 (7) 9 (5) 74 (8) 0.13

Antihypertensive medication

ACEI 426 (37) 62 (32) 364 (38) 0.11

ARB 185 (16) 36 (19) 149 (16) 0.30

Beta‑blocker 708 (62) 103 (54) 605 (64) 0.008

CCB 369 (32) 62 (32) 307 (32) 0.98

Baseline SBP, mmHg 130.0 ± 17.0 131.3 ± 18.6 129.8 ± 16.6 0.28

Baseline DBP, mmHg 72.6 ± 10.8 69.4 ± 11.7 73.3 ± 10.5  < 0.001

Triglycerides, mmol/L 1.49 ± 1.03 1.53 ± 0.96 1.49 ± 1.04 0.62

Total cholesterol, mmol/L 4.07 ± 0.97 4.09 ± 1.04 4.07 ± 0.95 0.77

HDL cholesterol, mmol/L 1.20 ± 0.33 1.17 ± 0.35 1.21 ± 0.33 0.17

LDL cholesterol, mmol/L 2.16 ± 0.81 2.19 ± 0.88 2.16 ± 0.80 0.58

HbA1c, % 6.59 ± 1.43 6.67 ± 1.41 6.58 ± 1.44 0.39

Clinic SBP

Mean, mmHg 131.3 ± 11.6 133.4 ± 13.9 130.8 ± 11.1 0.004

SD 13.6 ± 4.7 15.7 ± 5.5 13.2 ± 4.4  < 0.001

CV 10.3 ± 3.4 11.8 ± 4.0 10.0 ± 3.2  < 0.001

ARV 14.1 ± 4.9 16.1 ± 5.6 13.7 ± 4.6  < 0.001

Clinic DBP

Mean, mmHg 72.4 ± 8.0 69.9 ± 7.8 73.0 ± 8.0  < 0.001

SD 8.2 ± 2.5 8.9 ± 2.8 8.0 ± 2.4  < 0.001

CV 11.4 ± 3.6 12.9 ± 4.1 11.1 ± 3.4  < 0.001

ARV 8.5 ± 2.8 9.4 ± 3.0 8.3 ± 2.7  < 0.001
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agreement (intraclass correlation coefficient, 0.83 for sys-
tolic CV; 0.80 for diastolic CV) with the BPV calculated 
from 12 measurements. The CV of systolic and diastolic 
BP increased when more BP measurements were added 
into the calculation (Additional file 3: Table S9).

Discussion
Our results provide further evidence of a strong associa-
tion between visit-to-visit systolic and diastolic BPV and 
MACE in patients with established CAD. These asso-
ciations persisted after further multivariable adjustment 
including mean BP and was consistent across sensitivity 

analyses. Moreover, there was significant interaction of 
T2DM status with systolic and diastolic BPV. Higher sys-
tolic BPV was associated with an increased risk of MACE 
in both patients with and without T2DM, whereas the 
association of diastolic BPV with MACE was confined 
to patients without T2DM. The risk associated with sys-
tolic and diastolic BPV was stronger among those with-
out T2DM than with T2DM. The addition of systolic or 
diastolic BPV to a model with conventional risk factors 
and mean BP provided incremental benefit for predicting 
MACE in patients with stable CAD. These results provide 
novel insight into the impact of T2DM on the prognostic 

Table 2 Odds ratios for MACE associated with quartiles of coefficient of variation of SBP/DBP

Model 1 is adjusted for age, sex and number of BP measurements (ln-transformed)

Model 2 is adjusted for variables in model 1 and type 2 diabetes, hypertension and beta-blockers

Model 3 is adjusted for variables in model 2 and mean SBP or DBP

CI confidence interval, CV coefficient of variation, DBP diastolic blood pressure, OR odds ratio, SBP systolic blood pressure
† P < 0.05; *P < 0.01

Quartiles of CV P trend

Q1 Q2 Q3 Q4

Systolic blood pressure

Events, n (%) 27 (9) 41 (14) 40 (14) 84 (29)

OR (95% CI)

Model 1 1.00 (reference) 1.70 (1.00–2.88)† 1.63 (0.95–2.81) 3.77 (2.27–6.26)*  < 0.001

Model 2 1.00 (reference) 1.59 (0.93–2.72) 1.40 (0.80–2.43) 3.25 (1.94–5.45)*  < 0.001

Model 3 1.00 (reference) 1.60 (0.94–2.75) 1.43 (0.82–2.48) 3.30 (1.97–5.54)*  < 0.001

Diastolic blood pressure

Events, n (%) 26 (9) 41 (14) 55 (19) 70 (25)

OR (95% CI)

Model 1 1.00 (reference) 1.78 (1.03–3.05)† 2.35 (1.38–4.00)* 2.83 (1.68–4.79)*  < 0.001

Model 2 1.00 (reference) 1.72 (0.99–2.99) 2.09 (1.21–3.60)* 2.54 (1.49–4.35)* 0.001

Model 3 1.00 (reference) 1.66 (0.96–2.89) 1.97 (1.13–3.41)† 2.39 (1.39–4.11)* 0.002

Table 3 Performance of models predicting MACE in stable CAD patients

Values for number of BP measurements were ln-transformed before analysis. AUC  area under the curve, CI confidence interval, CV coefficient of variation, DBP diastolic 
blood pressure, IDI integrated discrimination improvement, NRI net reclassification index, SBP systolic blood pressure, T2DM type 2 diabetes mellitus
† P value from DeLong test for comparison of AUCs; *Comparison of AUCs between model S2 versus S1 and model D2 versus D1

Model Feature AUC 
(95% CI)

P value† P value* NRI
(95% CI)

P value IDI
(95% CI)

P value

Risk factor model Age + Male + T2DM + Hyperten‑
sion + Beta‑blockers + Number of BP 
measurements

0.69
(0.65–0.74)

Reference – – –

Model S1 Risk factor model + Mean SBP 0.70
(0.65–0.74)

0.80 Reference 9.4
(− 6.1 to 24.9)

0.23 0.1
(− 0.1 to 0.4)

0.24

Model S2 Model S1 + CV of SBP 0.73
(0.69–0.77)

0.002 0.002 26.3
(10.9–41.8)

 < 0.001 2.3
(1.0–3.4)

 < 0.001

Model D1 Risk factor model + Mean DBP 0.70
(0.66–0.74)

0.18 Reference 13.8
(− 1.7 to 29.2)

0.080 0.4
(− 0.1 to 0.9)

0.13

Model D2 Model D1 + CV of DBP 0.72
(0.68–0.76)

0.007 0.024 25.2
(9.8–40.7)

0.001 1.6
(0.5–2.8)

0.004
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value of BPV beyond mean BP and conventional risk fac-
tors in CVD risk prediction for patients with CAD.

Evidence of the prognostic value of BPV in CVD 
remains weak. In a recent report from the ADVANCE-
ON study, Ohkuma et  al. showed that the addition of 
visit-to-visit systolic BPV to a model with traditional risk 
factors and mean systolic BP significantly improved CVD 
risk prediction in patients with T2DM [19]. In another 
study of 2157 patients with a history of CVD, addition of 
systolic BPV yielded only a modest improvement in CVD 
risk prediction [20]. To the best of our knowledge, ours is 
the first study to demonstrate that visit-to-visit variabil-
ity of both systolic and diastolic BP provide incremental 
predictive values for future cardiovascular events beyond 
mean BP and conventional risk factors in patients with 
stable CAD with or without T2DM.

High systolic BPV has been shown to be associated 
with cardiovascular comorbidities and an independent 
predictor of cardiovascular events and mortality, particu-
larly in patients with established CAD, stroke or T2DM 
[21–23]. In this study, we have demonstrated that the 
highest quartile of CV of systolic BP was significantly 
associated with a 2.41-fold higher risk of MACE than the 
lowest quartile in CAD patients with T2DM. Importantly, 
this association was more pronounced among patients 
without T2DM: the highest quartile of CV of systolic BP 
was associated with a 3.41-fold higher risk than the low-
est quartile. These findings suggest that systolic BPV is 
important in patients at different levels of baseline risk 
and could be used to identify high-risk patients for pre-
ventive interventions.

Some studies have reported that visit-to-visit dias-
tolic BPV was also positively associated with risk for 
CVD events [23, 24], but others have reported contra-
dictory findings [25, 26]. It has been suggested that BPV 
is influenced by number of visits and the time between 

visits as well as other factors such as method used to 
estimate BPV and duration of follow-up, and that this 
may explain the inconsistent results [13, 27]. In the 
present study, we have shown that diastolic BPV was 
independently associated with MACE in CAD patients 
without T2DM, but not in those with T2DM. Indeed, 
recent meta-analysis involving 377,305 patients with 
T2DM also found no association between long-term 
diastolic BPV and adverse cardiovascular outcomes 
or mortality [28], and is consistent with our results. 
These findings might explain the conflicting results for 
the predictive value of diastolic BPV for CVD events 
since patients with and without T2DM were included 
[23, 24]. Nonetheless the exact mechanisms underly-
ing the relationship between diastolic BPV and car-
diovascular events in patients with stable CAD and 
T2DM remain unclear. Studies have demonstrated 
that increased BPV is associated with development or 
progression of diabetic nephropathy [29]. It has also 
been suggested that increased BPV is an early indica-
tion of autonomic dysfunction in patients with T2DM 
[30]. Cardiovascular autonomic neuropathy is a severe 
complication of diabetes and associated with increased 
cardiovascular mortality and morbidity [31]. The risk 
markers for cardiovascular autonomic neuropathy in 
patients with T2DM include age, obesity, hyperten-
sion, duration of diabetes, glycemic control and devel-
opment of other microvascular complications [32]. In 
our study cohort, patients with T2DM were older and 
had a higher prevalence of hypertension and higher 
body mass index, suggesting a high potential risk for 
development of autonomic dysfunction. Thus, the link 
between autonomic dysfunction and increased BPV 
may have influenced the association between diastolic 
BPV and cardiovascular outcomes in patients with and 
without T2DM.

Table 4 Adjusted odds ratios for MACE in patients with and without T2DM

All models adjusted for age, sex, hypertension, beta-blockers, number of BP measurements (ln-transformed) and mean SBP or DBP

CI confidence interval, CV coefficient of variation, DBP diastolic blood pressure, OR odds ratio, SBP systolic blood pressure, T2DM type 2 diabetes mellitus
† P < 0.05; *P < 0.01

Quartiles of CV P trend

Q1 Q2 Q3 Q4

OR (95% CI)

Systolic blood pressure

T2DM 1.00 (reference) 1.27 (0.61–2.64) 1.43 (0.69–2.95) 2.41 (1.19–4.87)† 0.013

No T2DM 1.00 (reference) 1.08 (0.49–2.40) 2.10 (1.00–4.41) 3.41 (1.67–6.96)*  < 0.001

Diastolic blood pressure

T2DM 1.00 (reference) 1.48 (0.72–3.04) 1.20 (0.56–2.59) 1.82 (0.89–3.73) 0.15

No T2DM 1.00 (reference) 0.90 (0.41–2.01) 1.85 (0.89–3.85) 2.20 (1.06–4.58)† 0.006
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The mechanisms underlying the link between visit-
to-visit BPV and adverse cardiovascular events are not 
fully understood. In this study, CAD patients with higher 
quartile of systolic and diastolic BPV were associated 
with those higher risk features in terms of elderly age 
and higher prevalence of hypertension and diabetes than 
those in the lowest quartiles, despite of only a few mmHg 
differences in their baseline systolic and diastolic blood 
pressure. These findings suggest that higher BPV is a bet-
ter predictor to identify patients with clustering of high 
risk factors for vascular aging, and thus increase subse-
quent MACEs. Indeed, increased visit-to-visit BPV has 
been associated with increased arterial stiffness, a marker 
of vascular aging, and strong predictor of cardiovascular 
events [33, 34]. Increasing value of BPV has also been 
shown to be associated with a higher prevalence and 
severity of target organ damage such as diastolic dysfunc-
tion, and inversely associated with aortic distensibility 
and arterial elasticity [35]. Recent studies have also found 
significant associations between BPV and markers of 
endothelial dysfunction and inflammation [36]. Impaired 
baroreflex sensitivity and autonomic dysfunction have 
also been reported to be associated with increased BPV 
[30, 37]. Further studies are needed to better understand 
the mechanistic relationship between long-term BPV and 
cardiovascular outcomes.

In real-world clinical practice, the number of office BP 
measurements varies in individuals, and those with only 
a few BP readings may result in greater visit-to-visit BPV. 
To date, the number of visits needed for defining visit-
to-visit BPV have not standardized. In the present study, 
we found that the increase in risk associated with BPV 
was only slightly attenuated but remain statistically sig-
nificant when using 6 measurements to calculate visit-to-
visit BPV. Similar results were found when based on BPV 
calculated from 12 measurements (data not shown). In 
addition, we found high concordance between BPV cal-
culated from 12 measurements and BPV calculated from 
6 or 8 measurements, suggesting that a shorter duration 
of measurements could potentially be used for monitor-
ing BPV. A recent study has also shown similar levels of 
concordance when compare the BPV derived from 20 
measurements with the BPV from 6 or more measure-
ments, and proposed to use a minimum of 6 measure-
ments for a reliable estimation of visit-to-visit BPV [38].

Our study has several limitations. First, we did not 
obtain information on the dosage of antihypertensive 
drug or patient compliance with treatment, both of which 
have been shown to contribute to BPV [39]. Second, 
we cannot conclude that there is a causal relationship 
between long-term BPV and development of cardiovas-
cular events. Third, potential confounders such as sever-
ity of CAD, glycemic and lipid control, antidiabetic drug 

use and duration of diabetes were not available in the 
present study. Fourth, it is possible that changes to anti-
hypertensive medication regimen during the follow-up 
period may have affected the association between long-
term BPV and outcomes, and should be further investi-
gated. Finally, larger studies are required to confirm our 
findings in CAD patients with and without T2DM.

Conclusions
Visit-to-visit variabilities of systolic BP and diastolic BP 
are independent predictors of new MACE in patients 
with stable CAD. Moreover, systolic and diastolic BPV 
provide additional predictive information beyond mean 
BP and conventional risk factors for future cardiovascular 
events. The association of BPV in CAD patients without 
T2DM with subsequent risk of MACE is stronger than 
in those with T2DM. Our findings support the potential 
utility of visit-to-visit BPV in risk stratification and man-
agement of high-risk patients.

Abbreviations
ACEI: Angiotensin‑converting enzyme inhibitor; ARV: Average real variability; 
AUC : Area under the curve; BP: Blood pressure; BPV: Blood pressure variability; 
CAD: Coronary artery disease; CI: Confidence interval; CV: Coefficient of varia‑
tion; CVD: Cardiovascular disease; OR: Odds ratio; IDI: Integrated discrimination 
improvement; MACE: Major adverse cardiovascular events; NRI: Net reclassifi‑
cation index; SD: Standard deviation; T2DM: Type 2 diabetes mellitus.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12933‑ 021‑ 01280‑z.

Additional file 1. Supplemental Methods

Additional file 2: Figure S1. Flow chart of study recruitment. BP, blood 
pressure; BPV, blood pressure variability; CAD, coronary artery disease.

Additional file 3: Table S1. Comparison of baseline characteristics 
in patients with and without T2DM. Table S2. Baseline characteristics 
according to quartiles of coefficient of variation of SBP. Table S3. Baseline 
characteristics according to quartiles of coefficient of variation of DBP. 
Table S4. Multivariable linear regression models for coefficient of variation 
of SBP/DBP. Table S5. Pearson correlation coefficient analysis based on 
number of BP measurements. Table S6. Logistic regression analysis for 
predicting MACE in stable CAD patients. Table S7. Odds ratios for MACE 
associated with quartiles of SD and ARV of SBP/DBP. Table S8. Odds ratios 
for MACE associated with CV of SBP/DBP, based on six BP measurements. 
Table S9. Intraclass correlation coefficient for CV of SBP/DBP.

Acknowledgements
Not applicable.

Authors’ contributions
YK Wong contributed to the analysis and interpretation of data, and manu‑
script writing. YH Chan, JSH Hai and KK Lau contributed to the study concept 
and acquisition of data. HF Tse contributed to the supervision of this work and 
is corresponding authors. All authors read and approved the finial manuscript.

Funding
The authors received no specific funding for this work.

https://doi.org/10.1186/s12933-021-01280-z
https://doi.org/10.1186/s12933-021-01280-z


Page 8 of 9Wong et al. Cardiovasc Diabetol           (2021) 20:88 

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Institutional Review Board of the University 
of Hong Kong/Hospital Authority Hong Kong West Cluster. Written informed 
consent was obtained from all participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Medicine, The University of Hong Kong, Queen Mary Hospital, 
Hong Kong, China. 2 Department of Medicine, Shenzhen Hong Kong Univer‑
sity Hospital, Shenzhen, China. 3 Hong Kong‑Guangdong Joint Laboratory On 
Stem Cell and Regenerative Medicine, The University of Hong Kong, Hong 
Kong, China. 4 Shenzhen Institutes of Research and Innovation, The University 
of Hong Kong, Hong Kong SAR, China. 

Received: 4 January 2021   Accepted: 15 April 2021

References
 1. Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, Cooney 

MT, Corra U, Cosyns B, Deaton C, et al. 2016 European Guidelines on 
cardiovascular disease prevention in clinical practice: The Sixth Joint 
Task Force of the European Society of Cardiology and Other Societies 
on Cardiovascular Disease Prevention in Clinical Practice (constituted by 
representatives of 10 societies and by invited experts)Developed with 
the special contribution of the European Association for Cardiovascular 
Prevention & Rehabilitation (EACPR). Eur Heart J. 2016;37(29):2315–81.

 2. Shen Y, Dai Y, Wang XQ, Zhang RY, Lu L, Ding FH, Shen WF. Searching for 
optimal blood pressure targets in type 2 diabetic patients with coronary 
artery disease. Cardiovasc Diabetol. 2019;18(1):160.

 3. Lewington S, Clarke R, Qizilbash N, Peto R, Collins R, Prospective Studies 
C. Age‑specific relevance of usual blood pressure to vascular mortality: a 
meta‑analysis of individual data for one million adults in 61 prospective 
studies. Lancet. 2002;360(9349):1903–13.

 4. Group SR, Wright JT, Williamson JD, Whelton PK, Snyder JK, Sink KM, 
Rocco MV, Reboussin DM, Rahman M, Oparil S, et al. A randomized 
trial of intensive versus standard blood‑pressure control. N Engl J Med. 
2015;373(22):2103–16.

 5. Rahman F, McEvoy JW, Ohkuma T, Marre M, Hamet P, Harrap S, Mancia G, 
Rodgers A, Selvin E, Williams B, et al. Effects of blood pressure lowering 
on clinical outcomes according to baseline blood pressure and cardio‑
vascular risk in patients with type 2 diabetes mellitus. Hypertension. 
2019;73(6):1291–9.

 6. Kim HL, Kim HM, Kwon CH, Shin JH, Jung MH, Lee CJ, Kim DH, Kim 
WH, Kang SH, Lee JH, et al. Blood pressure levels and cardiovascular 
risk according to age in patients with diabetes mellitus: a nationwide 
population‑based cohort study. Cardiovasc Diabetol. 2020;19(1):181.

 7. Paynter NP, Crainiceanu CM, Sharrett AR, Chambless LE, Coresh J. Effect 
of correcting for long‑term variation in major coronary heart disease risk 
factors: relative hazard estimation and risk prediction in the Atherosclero‑
sis Risk in Communities Study. Ann Epidemiol. 2012;22(3):191–7.

 8. Rothwell PM, Howard SC, Dolan E, O’Brien E, Dobson JE, Dahlof B, 
Sever PS, Poulter NR. Prognostic significance of visit‑to‑visit variability, 
maximum systolic blood pressure, and episodic hypertension. Lancet. 
2010;375(9718):895–905.

 9. Hata J, Arima H, Rothwell PM, Woodward M, Zoungas S, Anderson C, Patel 
A, Neal B, Glasziou P, Hamet P, et al. Effects of visit‑to‑visit variability in 

systolic blood pressure on macrovascular and microvascular complica‑
tions in patients with type 2 diabetes mellitus: the ADVANCE trial. Circula‑
tion. 2013;128(12):1325–34.

 10. Lau KK, Wong YK, Chan YH, Teo KC, Chan KH, Wai Li LS, Cheung RT, Siu 
CW, Ho SL, Tse HF. Visit‑to‑visit blood pressure variability as a prognostic 
marker in patients with cardiovascular and cerebrovascular diseases–
relationships and comparisons with vascular markers of atherosclerosis. 
Atherosclerosis. 2014;235(1):230–5.

 11. Diaz KM, Tanner RM, Falzon L, Levitan EB, Reynolds K, Shimbo D, Muntner 
P. Visit‑to‑visit variability of blood pressure and cardiovascular disease and 
all‑cause mortality: a systematic review and meta‑analysis. Hypertension. 
2014;64(5):965–82.

 12. Muntner P, Whittle J, Lynch AI, Colantonio LD, Simpson LM, Einhorn PT, 
Levitan EB, Whelton PK, Cushman WC, Louis GT, et al. Visit‑to‑visit vari‑
ability of blood pressure and coronary heart disease, stroke, heart failure, 
and mortality: a cohort study. Ann Intern Med. 2015;163(5):329–38.

 13. Wang J, Shi X, Ma C, Zheng H, Xiao J, Bian H, Ma Z, Gong L. Visit‑to‑visit 
blood pressure variability is a risk factor for all‑cause mortality and car‑
diovascular disease: a systematic review and meta‑analysis. J Hypertens. 
2017;35(1):10–7.

 14. Lau KK, Wong YK, Teo KC, Chang RS, Chan KH, Hon SF, Wat KL, Cheung 
RT, Li LS, Siu CW, et al. Long‑term prognostic implications of visit‑to‑visit 
blood pressure variability in patients with ischemic stroke. Am J Hyper‑
tens. 2014;27(12):1486–94.

 15. Wan EY, Fung CS, Yu EY, Fong DY, Chen JY, Lam CL. Association of visit‑to‑
visit variability of systolic blood pressure with cardiovascular disease and 
mortality in primary care Chinese patients with type 2 diabetes‑a retro‑
spective population‑based cohort study. Diabetes Care. 2017;40(2):270–9.

 16. Yano Y, Fujimoto S, Kramer H, Sato Y, Konta T, Iseki K, Iseki C, Moriyama T, 
Yamagata K, Tsuruya K, et al. Long‑term blood pressure variability, new‑
onset diabetes mellitus, and new‑onset chronic kidney disease in the 
Japanese general population. Hypertension. 2015;66(1):30–6.

 17. Goff DC Jr, Lloyd‑Jones DM, Bennett G, Coady S, D’Agostino RB, Gibbons 
R, Greenland P, Lackland DT, Levy D, O’Donnell CJ, et al. 2013 ACC/
AHA guideline on the assessment of cardiovascular risk: a report of the 
American College of Cardiology/American Heart Association Task Force 
on Practice Guidelines. Circulation. 2014;129(25 Suppl 2):S49‑73.

 18. DeLong ER, DeLong DM, Clarke‑Pearson DL. Comparing the areas under 
two or more correlated receiver operating characteristic curves: a non‑
parametric approach. Biometrics. 1988;44(3):837–45.

 19. Ohkuma T, Woodward M, Jun M, Muntner P, Hata J, Colagiuri S, Harrap 
S, Mancia G, Poulter N, Williams B, et al. Prognostic value of variability 
in systolic blood pressure related to vascular events and premature 
death in type 2 diabetes mellitus: the Advance‑On Study. Hypertension. 
2017;70(2):461–8.

 20. Blacher J, Safar ME, Ly C, Szabo de Edelenyi F, Hercberg S, Galan P. Blood 
pressure variability: cardiovascular risk integrator or independent risk fac‑
tor? J Hum Hypertens. 2015;29:122–6. https:// doi. org/ 10. 1038/ jhh. 2014. 
44.

 21. Gosmanova EO, Mikkelsen MK, Molnar MZ, Lu JL, Yessayan LT, Kalantar‑
Zadeh K, Kovesdy CP. Association of systolic blood pressure variability 
with mortality, coronary heart disease, stroke, and renal disease. J Am Coll 
Cardiol. 2016;68(13):1375–86.

 22. Cardoso CRL, Leite NC, Salles GF. Prognostic importance of visit‑to‑visit 
blood pressure variability for micro‑ and macrovascular outcomes in 
patients with type 2 diabetes: the Rio de Janeiro Type 2 Diabetes Cohort 
Study. Cardiovasc Diabetol. 2020;19(1):50.

 23. Vidal‑Petiot E, Stebbins A, Chiswell K, Ardissino D, Aylward PE, Cannon CP, 
Ramos Corrales MA, Held C, Lopez‑Sendon JL, Stewart RAH, et al. Visit‑to‑
visit variability of blood pressure and cardiovascular outcomes in patients 
with stable coronary heart disease. Insights from the STABILITY trial. Eur 
Heart J. 2017;38(37):2813–22.

 24. Mehlum MH, Liestol K, Kjeldsen SE, Julius S, Hua TA, Rothwell PM, Mancia 
G, Parati G, Weber MA, Berge E. Blood pressure variability and risk of car‑
diovascular events and death in patients with hypertension and different 
baseline risks. Eur Heart J. 2018;39(24):2243–51.

 25. Soh MS, Park JS, Seo KW, Yang HM, Lim HS, Choi BJ, Choi SY, Yoon MH, 
Hwang GS, Tahk SJ, et al. Visit‑to‑visit systolic blood pressure variability 
in patients with ST‑elevation myocardial infarction predicts long‑term 
cardiovascular outcomes. J Hum Hypertens. 2019;33(4):259–66.

https://doi.org/10.1038/jhh.2014.44
https://doi.org/10.1038/jhh.2014.44


Page 9 of 9Wong et al. Cardiovasc Diabetol           (2021) 20:88  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 26. Suchy‑Dicey AM, Wallace ER, Mitchell SV, Aguilar M, Gottesman RF, Rice 
K, Kronmal R, Psaty BM, Longstreth WT Jr. Blood pressure variability 
and the risk of all‑cause mortality, incident myocardial infarction, and 
incident stroke in the cardiovascular health study. Am J Hypertens. 
2013;26(10):1210–7.

 27. Levitan EB, Kaciroti N, Oparil S, Julius S, Muntner P. Blood pressure 
measurement device, number and timing of visits, and intra‑individual 
visit‑to‑visit variability of blood pressure. J Clin Hypertens (Greenwich). 
2012;14(11):744–50.

 28. Chiriaco M, Pateras K, Virdis A, Charakida M, Kyriakopoulou D, Nannip‑
ieri M, Emdin M, Tsioufis K, Taddei S, Masi S, et al. Association between 
blood pressure variability, cardiovascular disease and mortality in type 2 
diabetes: a systematic review and meta‑analysis. Diabetes Obes Metab. 
2019;21(12):2587–98.

 29. Kilpatrick ES, Rigby AS, Atkin SL. The role of blood pressure variability 
in the development of nephropathy in type 1 diabetes. Diabetes Care. 
2010;33(11):2442–7.

 30. McKinlay S, Foster C, Clark A, Clark S, Kemp F, Denver E, Coats AJ. 
Increased blood pressure variability during 24h blood pressure monitor‑
ing as an early sign of autonomic dysfunction in non‑insulin‑dependent 
diabetics. J Hum Hypertens. 1994;8(12):887–90.

 31. Yun JS, Park YM, Cha SA, Ahn YB, Ko SH. Progression of cardiovascular 
autonomic neuropathy and cardiovascular disease in type 2 diabetes. 
Cardiovasc Diabetol. 2018;17(1):109.

 32. Vinik AI, Ziegler D. Diabetic cardiovascular autonomic neuropathy. Circu‑
lation. 2007;115(3):387–97.

 33. Okada H, Fukui M, Tanaka M, Inada S, Mineoka Y, Nakanishi N, Senmaru 
T, Sakabe K, Ushigome E, Asano M, et al. Visit‑to‑visit variability in systolic 
blood pressure is correlated with diabetic nephropathy and atherosclero‑
sis in patients with type 2 diabetes. Atherosclerosis. 2012;220(1):155–9.

 34. Tedla YG, Yano Y, Carnethon M, Greenland P. Association between 
long‑term blood pressure variability and 10‑year progression in arterial 

stiffness: the multiethnic study of atherosclerosis. Hypertension. 
2017;69(1):118–27.

 35. Shimbo D, Shea S, McClelland RL, Viera AJ, Mann D, Newman J, Lima J, 
Polak JF, Psaty BM, Muntner P. Associations of aortic distensibility and 
arterial elasticity with long‑term visit‑to‑visit blood pressure variability: 
the Multi‑Ethnic Study of Atherosclerosis (MESA). Am J Hypertens. 
2013;26(7):896–902.

 36. Diaz KM, Veerabhadrappa P, Kashem MA, Feairheller DL, Sturgeon KM, 
Williamson ST, Crabbe DL, Brown MD. Relationship of visit‑to‑visit and 
ambulatory blood pressure variability to vascular function in African 
Americans. Hypertens Res. 2012;35(1):55–61.

 37. Grilletti JVF, Scapini KB, Bernardes N, Spadari J, Bigongiari A, Mazuchi F, 
Caperuto EC, Sanches IC, Rodrigues B, De Angelis K. Impaired baroreflex 
sensitivity and increased systolic blood pressure variability in chronic 
post‑ischemic stroke. Clinics (Sao Paulo). 2018;73:e253.

 38. Lim HM, Chia YC, Ching SM, Chinna K. Number of blood pressure 
measurements needed to estimate long‑term visit‑to‑visit systolic 
blood pressure variability for predicting cardiovascular risk: a 10‑year 
retrospective cohort study in a primary care clinic in Malaysia. BMJ Open. 
2019;9(4):e025322.

 39. Hong K, Muntner P, Kronish I, Shilane D, Chang TI. Medication adherence 
and visit‑to‑visit variability of systolic blood pressure in African Ameri‑
cans with chronic kidney disease in the AASK trial. J Hum Hypertens. 
2016;30(1):73–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Predictive value of visit-to-visit blood pressure variability for cardiovascular events in patients with coronary artery disease with and without diabetes mellitus
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study population
	BP measurements and visit-to-visit BPV
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References




