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ABSTRACT
Objective  This study was performed to explore the 
effects of visit-to-visit blood pressure variability (BPV) on 
cardiovascular events (CVEs) in people with various body 
mass indexes (BMIs).
Design  Prospective cohort study.
Setting  The average real variability of systolic blood 
pressure (ARV

SBP) was the indicator for visit-to-visit BPV. 
The participants were divided into three groups: normal 
weight, overweight and obesity. We further divided these 
groups into four subgroups based on the ARV

SBP. A Cox 
regression model was used to calculate the HRs of the 
ARVSBP on CVEs in the same and different BMI groups. 
Additionally, a competitive risk model was used to 
calculate the HRs of the ARVSBP on CVEs in the same BMI 
group.
Participants  In total, 41 043 individuals met the inclusion 
criteria (no historical CVEs or tumours, no incidence 
of CVEs or tumours and no death during the four 
examinations) and had complete systolic blood pressure 
and BMI data.
Results  A total of 868 CVEs occurred. The cumulative 
incidence of CVEs increased as ARV

SBP rose in both the 
normal weight and overweight groups. In same BMI 
groups, the risk of CVEs significantly increased as ARVSBP 
increased only in the normal weight group (highest 
quartiles of ARVSBP: HR (95% CI) 2.20 (1.46–3.31)). In 
the different BMI groups, the risk of CVEs in the ARVSBP 
subgroup in each BMI group was higher than that the 
least quintile of ARVSBP in the normal weight group 
(highest quartiles of ARVSBP in obesity: HR (95% CI) 2.28 
(1.47–3.55)). The result of the competitive risk model did 
not change.
Conclusions  As BMI and ARV

SBP increase, the risk of 
CVEs increases. However, the risk of visit-to-visit BPV on 
CVEs varies in different BMI groups, especially in people of 
normal weight.
Trial registration number  CHiCTR-TNC1100 1489.

INTRODUCTION
During the past 30 years, the incidence of 
overweight or obesity has doubled worldwide. 
The situation of overweight or obesity is more 
severe in China, where the incidence has 
increased by two to three times.1 2 The body 

mass index (BMI) is a convenient indicator 
that is widely used in research of overweight 
or obesity. Previous studies have shown that 
the BMI is closely related to visit-to-visit blood 
pressure variability (BPV). Li et al3 found that 
the visit-to-visit BPV increased by 0.029 units 
with every 1-unit increase in the BMI. Our 
previous study4 showed that the average real 
variability of systolic blood pressure (ARVSBP) 
increased by 0.077 units with every 1-unit 
increase in the BMI. Another previous study5 
showed that the relationship between the BMI 
and ARVSBP may involve the release of inflam-
matory factors by adipose tissue, resulting in 
higher arterial stiffness and thus higher BPV.

Cardiovascular events (CVEs) are one of 
the main causes of death, and approximately 
18 million people worldwide die of CVEs 
annually.6 Previous studies have shown that 
a high BMI and increased visit-to-visit BPV 
are risk factors for CVEs.7–9 A meta-analysis 
showed that for each 5 kg/m2 increase in the 
BMI, the risk of coronary heart disease and 

Strengths and limitations of this study

►► This is the first study to explore the effects of visit-
to-visit blood pressure variability on cardiovascular 
events in people with various body mass indexes.

►► This study was based on the Kailuan Study, which 
was a prospective, population-based cohort study 
with a large sample size.

►► Taking into account the effect of death in the Cox 
risk model, a competitive risk model was adopted 
for a second risk assessment.

►► The research population was limited to Kailuan 
Group employees, most of whom lived in communi-
ties in North China.

►► The blood pressure measurements were only ob-
tained from physical examination data, without 
collection of information on home blood pressure 
or multiple blood pressure measurements in 1 year.
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stroke increased by 1.27 and 1.18 times, respectively.7 
Another meta-analysis showed that the risk of stroke 
increased by 1.15 times, coronary heart disease by 1.10 
times and CVEs by 1.18 times as the visit-to-visit BPV of 
systolic blood pressure (SBP) increases.8

A higher BMI and higher visit-to-visit BPV are associated 
with a higher risk of CVEs. To the best of our knowledge, 
however, no studies have focused on the effect of visit-to-
visit BPV on CVEs in different BMI groups. The Kailuan 
Study was a community-based study on the assessment and 
intervention of risk factors for CVEs. The participants in 
that study underwent physical examinations every 2 years 
beginning in 2006, including measurement of blood pres-
sure (BP), height and weight. Annual checks and infor-
mation on CVEs and death were also recorded. In the 
present study, we examined the effect of visit-to-visit BPV 
on CVEs in different BMI groups using the Kailuan Study 
cohort.

PARTICIPANTS AND METHODS
Patient and public involvement
Patients and the public were not involved in the design 
of this study.

Study participants
This prospective cohort study began in 2006–2007. Staff 
members from Kailuan Corporation in China who were 
working in or retired from the Kailuan Group partici-
pated in this study. All staff members were >18 years of 
age and were from geographical locations throughout 
China. Most of the participants were from the north-
east area of China (Beijing, Heibei and so on). There-
fore, this study has certain guiding significance for the 
prevention of CVEs among North China’s population. 
Participants with complete SBP and BMI data obtained 
at the first medical examination and with no history of 
CVEs or tumours were included. Medical doctors were in 
charge of the first to fourth medical examinations, which 
were performed every 2 years. We excluded individuals 
with any missing data on SBP or the incidence of CVEs, 
tumours or death during the period in which the four 
medical examinations were performed.

Data collection
Details of the epidemiological investigations and 
anthropometry index measurements were previously 
reported.10 11 Questionnaires were personally admin-
istered by the research doctors to collect information 
on the participants’ sociodemographic status (sex, age, 
education, economic status), lifestyle habits (alcohol 
consumption, smoking status, physical exercise) and 
personal health history (hypertension, diabetes, CVEs). 
Smoking was defined as having smoked an average of at 
least one cigarette per day during the past year. Drinking 
was defined as an average daily alcohol consumption of 
more than 100 mL (alcohol concentration of >50% v/v) 
during the past 1 year and lasting for more than 1 year. 

Physical exercise was defined as engaging in exercise at 
least three times weekly for more than 30 min each time. 
The information about historical CVEs was through 
querying and/or searching inpatient diagnoses and 
endpoint records of the participants.

BP measurements were performed as follows. The 
participants were strictly prohibited from drinking 
alcohol, drinking coffee, or smoking for at least 30 min. 
BP was measured after they had sat quietly for 15 min. 
Each participant stretched out his or her bare right upper 
arm at 45° and ensured that the elbow lay on the surface 
of the desk at the level of the heart. Suitable cuffs were 
wound around the participant’s upper arm and tightened 
close to the skin with proper tension. The cuff size varied 
by the upper arm circumference as follows: 12×22 cm cuff 
for a 22 to 26 cm arm circumference, 16×30 cm cuff for 
27 to 34 cm circumference, 16×36 cm cuff for 35 to 44 cm 
circumference and 16×42 cm cuff for 45 to 52 cm circum-
ference. The upper edge of the cuff was positioned 
approximately 2.5 cm above the chelidon, and the centre 
was positioned immediately above the brachial artery. An 
adjusted mercury sphygmomanometer was used during 
the first four physical examinations to measure the BP of 
the right brachial artery. Phase 1 Korotkoff sounds were 
chosen for the SBP reading, and phase 5 Korotkoff sounds 
were chosen for the diastolic BP reading. An electronic 
sphygmomanometer (HEM-8102A; Omron, Daling, 
China) was used to measure the BP of the right brachial 
artery during the fifth physical examination. The average 
of three BP readings obtained three times at 1 min inter-
vals was recorded as the final BP of each participant for 
each physical examination.

For height and weight measurements (accurate to 
0.1 cm and 0.1 kg, respectively), the participants stood 
barefoot in thin garments and no hat, and their height 
and weight were measured using a calibrated RGZ-120 
scale from 7:30 am to 9:00 am. The BMI was calculated as 
weight divided by height squared (kg/m2).

Biochemical measurements
Blood samples were taken from the antecubital vein of 
the participants after an overnight fast and collected in 
EDTA tubes. The serum supernatant was measured within 
4 hours. The hexokinase method was used to measure the 
fasting blood glucose concentration. The total cholesterol 
and high-density lipoprotein concentrations were enzy-
matically measured (Mind Bioengineering, Shanghai, 
China). A high-sensitivity nephelometric assay (Cias 
Latex CRP-H; Kanto Chemical, Tokyo, Japan) was used 
to measure the high-sensitivity C reactive protein concen-
tration. All biochemical parameters were measured with 
an automatic biochemical analyzer (Hitachi 747; Hitachi, 
Tokyo, Japan).

Relevant definitions
Measurement of visit-to-visit BPV12 13 includes the SD 
of BP, the coefficient of variation, the variability uncor-
related with mean BP and the average real variability. 
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There has been uncertainty on which indicator to adopt 
for BPV. Previous studies mostly used SD of BP.14 However, 
SD was not able to distinguish systematic changes in BP 
over time from true variation in BP.15 16 Some studies 
pointed out that the root-mean-square error can better 
show the authenticity of BPV. However, this indicator 
was not statistically significant to the incidence but the 
mortality of CVEs.13 And the subjects of most studies were 
elderly. Meanwhile, some studies hold different points of 
view that the average real variability can more effectively 
predict the damage to the target organ and requires no 
time sequence of BP readings.17–20 In addition, previous 
studies on the correlation between visit-to-visit BPV and 
BMI only have the indicator of average real variability. As 
the result of the above, average real variability was chosen 
as the indicator for visit-to-visit BPV in this study. The 
formula18–20 for calculating ARVSBP was as follows: ARVSBP 
= (|sbp2−sbp1|+|sbp3−sbp2|+|sbp4−sbp3|)/3, where sbp1, 
sbp2, sbp3 and sbp4 represent SBP of the first to fourth 
physical examinations, respectively. Previous studies have 
illustrated that systolic BPV can more effectively predict 
CVEs than diastolic BPV.21 22 Thus, we focused on systolic 

BPV rather than diastolic BPV in this study. For partic-
ipants undergoing antihypertensive therapy, 10 mm Hg 
was added to the SBP and 5 mm Hg was added to the 
diastolic BP.23 24

Outcomes
The 2012 medical examination was considered the start 
of the follow-up period, and the last follow-up date was 
31 December 2016; this was the last date on which new 
CVEs and death were recorded. CVEs included stroke 
(haemorrhagic stroke and ischaemic stroke) and myocar-
dial infarction. Every year, trained doctors referred to the 
inpatient diagnoses and endpoint records of the patients 
in the hospitals that were affiliated with the Kailuan Group 
and the municipal Medicare-appointed hospitals. All 
diagnoses were confirmed by professional physicians on 
the basis of the inpatient medical records. The incidence 
of death was also obtained from provincial population 
statistics offices or medical records of medical insurance 
companies annually. The diagnosis standard of stroke 
and myocardial infarction was based on the guidelines 
issued by the American Heart Association and European 

Figure 1  Cox analysis forest plot for the effect of ARVSBP on CVEs in different BMI groups. *Adjusted for sex, age, total 
cholesterol level, heart rate, high-sensitivity C reactive protein level, high-density lipoprotein level, sbp1, smoking, salt intake, 
drinking, exercise and diabetes mellitus. ARVSBP, average real variability of systolic blood pressure; BMI, body mass index; 
CVEs, cardiovascular events; sbp1, systolic blood pressure of the first physical examination.
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Society of Cardiology, and the diagnosis standard varied 
according to the updates of the guidelines.

Statistical methods
We calculated the interaction between the BMI grouping 
variables and the ARVSBP grouping variables (p for inter-
action <0.05). Therefore, a stratified analysis by BMI was 
used for ARVSBP in this study. According to the criteria for 
defining obesity in China, the participants’ body weight 
was divided into three groups by the BMI as follows:25 
normal weight (BMI of <24.0 kg/m2), overweight (BMI 
of ≥24 to<28.0 kg/m2) and obesity (BMI of ≥28.0 kg/
m2). Because there was no normal range of ARVSBP and 
it had a skewed distribution, ARVSBP of each BMI group 
was divided into four quartiles (Q1, Q2, Q3 and Q4) 
(figure 1). SAS 9.4 (SAS Institute, Cary, North Carolina, 
USA) was used for the data analysis. Continuous variables 

are presented as mean±SD, and we used single-factor 
variance analysis for comparison of groups. Categor-
ical variables are presented as number and percentage, 
and the χ2 test was used for comparison of groups. The 
Kaplan-Meier method was used to calculate the cumula-
tive incidence of CVEs in all subgroups. The log-rank test 
was used to determine whether a significant difference 
was present in the incidence of CVEs in different groups 
within the same BMI group. A Cox proportional hazard 
regression model was used to assess the risk of CVEs in 
relation to ARVSBP in the same and different BMI groups. 
We used a competitive risk model for a second risk assess-
ment of CVEs in relation to ARVSBP in different BMI 
groups, taking into account the effect of death in the Cox 
risk model. A sensitivity analysis was used to separately 
analyse patients with hypertension (SBP of >140 mm Hg 

Table 2  Cumulative incidence of CVEs in the ARVSBP subgroups within the same BMI group

Group Total Q1 Q2 Q3 Q4 Log-rank

BMI<24.0 No. of case (%) 273 (1.68) 30 (0.73) 54 (1.34) 69 (1.70) 120 (2.96) <0.001

24.0≤BMI>28.0 No. of case (%) 387 (2.25) 68 (1.60) 85 (1.95) 89 (2.04) 145 (3.41) <0.001

BMI≥28 No. of case (%) 208 (2.74) 41 (2.16) 39 (2.04) 55 (2.92) 73 (3.84) 0.001

Log-rank – <0.001 <0.001 0.04 0.002 0.09 –

ARVSBP, average real variability of systolic blood pressure; BMI, body mass index; CVEs, cardiovascular events.

Table 1  General information of the study population

Group
BMI<24.0
(n=16 181)

24.0≤BMI<28.0
(n=17 202)

BMI≥28.0
(n=7591)

Total
(n=41 043)

Corresponding 
tests P trend

Man, % 11 489 (70.8) 13 749 (79.9) 5993 (78.9) 31 231 (76.1) F test <0.0001

Age, year 46.8±11.9 48.5±10.9 47.4±11.2 47.6±11.4 F test <0.0001

sbp1, mm Hg 122±18.5 130±20.0 136±20.6 128±20.2 F test <0.0001

sbp2, mm Hg 124±18.9 131±19.5 137±20.2 129±20.0 F test <0.0001

sbp3, mm Hg 125±18.6 133±19.1 137±19.5 131±20.0 F test <0.0001

sbp4, mm Hg 126±19.1 133±19.3 137±19.3 131±19.7 F test <0.0001

ARVSBP, mm Hg 10.8 (9.09) 11.3 (9.34) 12.0 (9.32) 11.2 (9.34) F test <0.0001

Smoking, % 4925 (30.3) 5241 (30.4) 2138 (28.1) 12 304 (30.0) χ2 test 0.001

Drinking, % 2762 (17.0) 3122 (18.1) 1158 (15.2) 7042 (17.2) χ2 test <0.0001

Snorer, % 1396 (8.6) 2316 (13.5) 1486 (19.6) 5198 (12.7) χ2 test <0.0001

Salt intake, % 1486 (9.2) 1813 (10.5) 891 (11.7) 4190 (10.2) χ2 test <0.0001

Physical exercise, % 2043 (12.6) 2287 (13.3) 1006 (13.2) 5336 (13.0) χ2 test 0.133

HDL 1.60±0.40 1.53±0.39 1.50±0.38 1.55±0.39 F test <0.0001

TC, mmol/L 4.81±1.08 4.96±1.20 5.00±1.15 4.91±1.14 F test <0.0001

Heart rate, beat/min 73.4±10.3 73.3±9.62 74.0±9.64 73.5±9.90 F test <0.0001

Hypertension, % 4023 (24.8) 7043 (40.9) 4114 (54.2) 15 180 (37.0) χ2 test <0.0001

Antihypertensive therapy, % 635 (3.9) 1496 (8.7) 1006 (13.2) 3137 (7.6) χ2 test <0.0001

Diabetes mellitus, % 742 (4.6) 1444 (8.4) 839 (11.0) 3025 (7.4) χ2 test <0.0001

hs-CRP, log 10 −0.29±0.72 −0.11±0.65 0.05±0.60 −0.15±0.68 F test <0.0001

ARVSBP, average real variability of systolic blood pressure; BMI, body mass index; HDL, high-density lipoprotein; hs-CRP, high-sensitivity C 
reactive protein; sbp1, sbp2, sbp3 and sbp4, systolic blood pressure of the first to fourth physical examinations; TC, total cholesterol.



5Chen H, et al. BMJ Open 2020;10:e035836. doi:10.1136/bmjopen-2019-035836

Open access

or diastolic BP of >90 mm Hg or receiving antihyperten-
sive therapy) and those with antihypertensive therapy in 
the four medical examinations because of the potential 
influence of hypertension and antihypertensive therapy 
on CVEs and BPV.26 27 A two-sided p<0.05 was considered 
statistically significant.

RESULTS
A total of 59 008 participants underwent the first phys-
ical examination, of whom 41 043 were included in the 
final analysis after exclusion for the following reasons. 
We excluded 3330 participants with previous CVEs, 330 
with a history of tumours, and 1439 with incomplete or 
missing data regarding height or weight in the first phys-
ical examination. Among the remaining 53 909 partici-
pants, we further excluded 5941 with incidence of CVEs, 
2248 with a tumour and 2259 who died during the four 
examinations. We also excluded 2418 with any missing 
SBP data. Among the final participants, 31 231 (76.1%) 
were men and their mean age was 47.6±11.4 years. The 
mean follow-up time was 3.75±0.54 years.

Participants’ general information
Increases in BMI were associated with increases in the 
mean or proportion of the total cholesterol level, salt 
intake, diabetes mellitus, hypertension, antihypertensive 
therapy, snoring, SBP of the four examinations, ARVSBP 
and high-sensitivity C reactive protein level (p<0.05). The 

overweight group had the highest rates of older age, male 
sex, smoking, physical exercise and drinking (table 1).

Cumulative incidence of CVEs in relation to visit-to-visit BPV 
in different BMI groups
During the mean follow-up of 3.75±0.54 years, 868 CVEs 
occurred. As the BMI increased, the cumulative incidence 
of CVEs gradually but significantly increased (p<0.05). In 
the normal weight and overweight groups, as the ARVSBP 
increased, the cumulative incidence of CVEs gradually 
increased (p<0.05). The cumulative incidence of CVEs 
gradually increased from Q2 to Q4 in the obesity group 
(p<0.05). Except for Q4, the cumulative incidence of 
CVEs significantly increased as the BMI increased within 
the same ARVSBP subgroup (p<0.05) (table 2).

Cox proportional hazard regression model for risk assessment 
of CVEs in relation to visit-to-visit BPV in BMI groups
The incidence of CVEs was the dependent variable, 
ARVSBP was the independent variable and Q1 of the 
normal weight group served as the control group (p 
for interaction <0.05). After adjusting for confounding 
factors, the risk of CVEs in the ARVSBP subgroups within 
each BMI group was higher than that in Q1 of ARVSBP in 
the normal weight group (p<0.05). The risk of Q4 in the 
obesity group was the highest at 2.28 times. In the over-
weight and obesity groups, however, the HR did not seem 
to vary substantially as the ARVSBP increased (figure 1).

Table 3  Risk assessment of CVEs in relation to ARVSBP in the same BMI groups

Group ARVSBP

No. of 
cases

Person-
years

Model1
HR (95% CI)

Model 2
HR (95% CI)

Competitive risk 
model
HR (95% CI)

BMI<24.0 Q1 30 15 653 1 (Reference) 1 (Reference) 1 (Reference)

 �  Q2 54 15 246 1.64 (1.05 to 2.56) 1.62 (1.03 to 2.53) 1.60 (1.02 to 2.50)

 �  Q3 69 15 164 1.89 (1.23 to 2.91) 1.77 (1.15 to 2.72) 1.73 (1.12 to 2.68)

 �  Q4 120 14 766 2.88 (1.92 to 4.33) 2.20 (1.46 to 3.31) 2.10 (1.37 to 3.22)

P trend – – – <0.001 <0.001 –

24.0≤BMI>28.0 Q1 68 16 279 1 (Reference) 1 (Reference) 1 (Reference)

 �  Q2 85 16 505 1.13 (0.82 to 1.56) 1.06 (0.77 to 1.47) 1.06 (0.76 to 1.46)

 �  Q3 89 16 352 1.11 (0.81 to 1.52) 0.98 (0.70 to 1.34) 0.97 (0.70 to 1.35)

 �  Q4 145 15 579 1.65 (1.23 to 2.22) 1.18 (0.86 to 1.61) 1.17 (0.85 to 1.61)

P trend – – – 0.001 0.36 –

BMI≥28.0 Q1 41 7279 1 (Reference) 1 (Reference) 1 (Reference)

 �  Q2 39 7256 0.89 (0.57 to 1.38) 0.84 (0.54 to 1.32) 0.84 (0.54 to 1.32)

 �  Q3 55 7043 1.23 (0.82 to 1.85) 1.12 (0.74 to 1.70) 1.12 (0.73 to 1.70)

 �  Q4 73 6970 1.47 (0.99 to 2.17) 1.17 (0.78 to 1.77) 1.17 (0.76 to 1.80)

P trend – – – 0.015 0.23 –

Model 1: adjusted for age and sex; Model 2 and Competition model: adjusted for sex, age, total cholesterol level, heart rate, high-sensitivity C 
reactive protein, high-density lipoprotein level, sbp1, smoking, salt intake, drinking, exercise and diabetes mellitus.
ARVSBP, average real variability of systolic blood pressure; BMI, body mass index; CVEs, cardiovascular events; sbp1, systolic blood pressure 
of the first physical examination.
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The incidence of CVEs was the dependent variable, 
ARVSBP was the independent variable, and the Q1 group 
of ARVSBP served as the reference group in the same 
BMI group (p for interaction <0.05). After adjusting for 
confounding factors, as ARVSBP increased, the risk of CVEs 
showed an increasing trend in the normal weight group 
(p<0.05), and the risk in the Q4 group was 2.20 times that 
in the Q1 group. In the overweight and obesity groups, 
there was no significant risk of CVEs with an increase in 
ARVSBP (table 3).

In total, 961 deaths occurred during the follow-up 
period. The incidence of CVEs was the dependent vari-
able, ARVSBP was the independent variable and the Q1 
group of ARVSBP in each BMI group served as the refer-
ence group. The effect of ARVSBP on CVEs in the same 
BMI group remained unchanged. However, the risk 
was slightly lower than that in the previous Cox model 
(table 3).

Sensitivity analysis
Participants undergoing hypertensive and antihyper-
tensive therapy were excluded, and a sensitivity analysis 
was then performed after adjusting for confounding 
factors. In the normal weight group, the risk of CVEs 
in Q3 and Q4 was still higher than that in Q1, although 
the risk was slightly lower than that in all participants. 
However, Q2 was not significant. This risk also tended to 
increase as ARVSBP increased. However, the results had 

no statistical significance in the overweight and obesity 
groups (table 4).

DISCUSSION
This study is the first to show that compared with the Q1 
group of ARVSBP in the normal weight group, the risk 
of CVEs significantly increased as the BMI and ARVSBP 
increased. However, there were comparatively few varia-
tions in the overweight and obesity groups. In addition, 
we found that visit-to-visit BPV has different effects on 
CVEs in different BMI groups. The risk of CVEs increased 
with increasing ARVSBP only in the normal weight group.

We found that the risk of CVEs in relation to ARVSBP 
in each BMI group was significantly higher than that in 
Q1 of the normal weight group with an increase in BMI 
and ARVSBP. This finding indicates that in different BMI 
groups, the risk of CVEs increased as ARVSBP rose. However, 
there was no obvious change in the gradient, which indi-
cated the significance of the ARVSBP subgroups in various 
BMI groups. This finding also suggests that prediction of 
the risk of CVEs using ARVSBP mainly depended on the 
BMI and that the predictive value of ARVSBP was higher in 
the lower-weight groups. Furthermore, a higher BMI was 
associated with a greater effect of ARVSBP on the risk of 
CVEs. The reason for these findings may be that the BMI 
and ARVSBP were risk factors for CVEs, and the interaction 

Table 4  Cox analysis of ARVSBP in CVEs in different participants in the same BMI groups

Group ARVSBP

Excluding person with hypertension
Excluding person on antihypertensive 
therapy

No. of 
cases

Person-
years

Model
HR (95% CI)

No. of 
cases

Person-
years

Model
HR (95% CI)

BMI<24 Q1 20 10 251 1 (Reference) 23 13 855 1 (Reference)

 �  Q2 24 10 909 1.09 (0.60 to 1.99) 42 13 476 1.65 (0.99 to 2.75)

 �  Q3 44 10 704 1.84 (1.08 to 3.14) 47 13 588 1.55 (0.94 to 2.57)

 �  Q4 59 10 300 1.99 (1.18 to 3.35) 83 13 221 2.02 (1.25 to 3.26)

P trend  �  0.002 0.008

24.0≤BMI>28.0 Q1 26 8414 1 (Reference) 45 13 045 1 (Reference)

 �  Q2 26 8477 1.03 (0.59 to 1.78) 45 12 954 0.84 (0.55 to 1.28)

 �  Q3 38 8646 1.25 (0.75 to 2.08) 56 12 866 0.98 (0.66 to 1.45)

 �  Q4 45 8271 1.32 (0.80 to 2.17) 86 12 498 1.13 (0.77 to 1.66)

P trend  �  0.20 0.33

BMI≥28 Q1 12 3178 1 (Reference) 20 5162 1 (Reference)

 �  Q2 14 2930 1.16 (0.53 to 2.53) 24 5139 1.07 (0.59 to 1.95)

 �  Q3 17 2603 1.68 (0.73 to 3.56) 34 5097 1.33 (0.76 to 2.32)

 �  Q4 20 2864 1.86 (0.88 to 3.94) 40 4979 1.40 (0.80 to 2.45)

P trend  �  0.06 0.17

The model was adjusted for sex, age, total cholesterol level, heart rate, high-sensitivity C reactive protein level, high-density lipoprotein level, 
sbp1, smoking, salt intake, drinking, exercise and diabetes mellitus.
ARVSBP, average real variability of systolic blood pressure; BMI, body mass index; CVEs, cardiovascular events; sbp1, systolic blood pressure 
of the first physical examination.;
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(as a protective factor) between the BMI and ARVSBP 
reduced the effect of ARVSBP on CVEs.

We found that the incidence of CVEs increased as the 
ARVSBP increased in the normal and overweight groups. 
However, the risk of CVEs caused by an increase in ARVSBP 
was meaningful only in the normal weight group (among 
the subgroups of ARVSBP in the normal weight group, the 
risk of CVEs of Q4 was increased 2.20 times compared 
with Q1). Our results compensate for the lack of previous 
studies. Previous cohort studies and meta-analyses6–8 
showed that visit-to-visit BPV was a risk factor for CVEs, 
but they did not consider BMI and ARVSBP as risk factors 
or the interaction between them. Our previous study also 
showed that ARVSBP increased as the BMI increased; Visit-
to-visit BPV was also a risk factor for CVEs.4 28

Why an increased risk of CVEs was related to an increase 
in ARVSBP only in the normal weight group is unclear. The 
mechanism of this finding remains to be investigated, but 
we consider that the effect of smoking cannot be ignored. 
A previous study showed that smokers have a low BMI and 
high BPV.29 30 After adjusting for smoking in our study, 
ARVSBP was still a risk factor in the normal weight group, 
which supports the conclusion of this study. Additionally, 
in the overweight and obesity groups, a high BMI was a risk 
factor for CVEs, together with a higher level or propor-
tion of risk factors such as SBP, cholesterol and diabetes 
mellitus. These findings weaken the predictive meaning 
of ARVSBP in the risk of CVEs. Another important point 
is that participants in the normal weight group tended 
to be younger and have a lower incidence of BP therapy. 
However, participants with a higher BMI were more likely 
to be older and hypertensive and to be undergoing BP 
therapy.

Because of the effect of death on the Cox risk model, 
we chose a competitive risk model analysis to re-estimate 
the effect of ARVSBP on CVEs in the same BMI group. We 
found that the effect of ARVSBP in the same BMI group 
on CVEs did not change; however, the risk was slightly 
lower than that in the original Cox model. The compet-
itive risk model more realistically reflected the effect of 
ARVSBP on CVEs in the same BMI group on CVEs, and 
the effect of ARVSBP on CVEs in the same BMI group 
remained significant. Considering the possibility that 
hypertension and antihypertensive therapy may affect the 
results of our study, a sensitivity analysis was performed 
after eliminating these two factors. In the normal weight 
group, the effect of ARVSBP on CVEs in all subgroups 
(except Q2) remained unchanged, with the risk slightly 
lower than that in the previous Cox model. This may have 
occurred because the lower SBP and BPV in the popula-
tion with normal BP weakened the prediction of ARVSBP 
on CVEs. This finding may have also been due to the fact 
that participants with hypertension or undergoing antihy-
pertensive therapy were data-processed and might have 
had lesions of the related target organ, increasing the risk 
of CVEs.

This study has two major strengths. First, a competitive 
risk model was adopted for the second risk assessment 

to more accurately estimate the risk of CVEs. Second, 
this study is important for clinical and public health. It 
may allow clinicians to recommend that people who are 
overweight or obese lose weight and prevent CVEs by 
controlling BP and BPV. For people of normal weight with 
hypertension, clinicians may advise against obesity and 
should pay more attention to the BPV while controlling 
BP.

This study also has some limitations. First, the research 
population was limited to Kailuan Group employees, 
most of whom lived in communities in North China. 
Thus, the findings of this study may not be applicable 
to other populations. Nevertheless, the homogeneity of 
our cohort reduced the potential confounders, and the 
large sample size of the study is highly instructive for the 
Chinese population. Second, measurements of BP were 
only obtained from physical examination data; no infor-
mation on home BP or multiple BP measurements in 
1 year was collected. However, the BP measurements in 
this study spanned 8 years, with a total of four measure-
ment times, and BP was still a significant predictor of 
CVEs. Third, the large proportion of men in this study 
may have affected the prediction of CVEs. However, the 
average age of the study population was 47.6 years; thus, 
the effect of sex on the incidence of CVEs was weak.

CONCLUSION
BMI and ARVSBP are risk factors for CVEs. As BMI and 
ARVSBP increase, the risk of CVEs increases accordingly. 
However, the effect of visit-to-visit BPV on the risk of CVEs 
mainly varies in different BMI groups, especially in the 
normal weight group.
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