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Five-year change in systolic blood pressure is
iIndependently associated with carotid atherosclerosis
progression: a population-based cohort study

Wuxiang Xie, Jing Liu, Wei Wang, Miao Wang, Yan Lj, Jiayi Sun, Jun Liu, Yue Qi, Fan Zhao and Dong Zhao

The aim of this study was to investigate whether long-term changes in traditional risk factors affect the progression of carotid
atherosclerosis in a Chinese population. This study included 1590 individuals (aged 56.9 + 8.1 years) with no evidence of
carotid plaque at baseline (2002). In 2007, these individuals completed the second risk factors survey and underwent carotid
plaque measurement. The incidence of carotid plaque and the total plaque area of maximum plaques (TPA) were used to
evaluate the progression of carotid atherosclerosis. In addition to baseline age, systolic blood pressure (SBP), total cholesterol
(TC), high-density lipoprotein cholesterol (HDL-C), triglyceride (TG), common carotid intima-media thickness (CIMT) and current
smoking, a 5-year change in SBP was also associated with the incidence of carotid plaque (odds ratio=1.01, 95% confidence
interval: 1.01-1.02, P=0.029). Furthermore, multiple linear regression analysis revealed that a 5-year change in SBP had a
linear association with TPA after adjusting for baseline risk factors (standardized regression coefficient=0.071, P=0.014).
TPA increased both by increasing baseline SBP and by a 5-year SBP change when adjusted for sex, baseline age, TC, HDL-C,
CIMT and current smoking (P for trend <0.001 and 0.004). Our study demonstrates that a 5-year change in SBP is
independently associated with the progression of carotid atherosclerosis in the Chinese population. These findings underline the
importance of early detection and control of SBP for the prevention of atherosclerosis progression. The progression of
atherosclerosis is not only associated with hypertension but can also progress silently with the development of SBP.
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INTRODUCTION

Events due to cardiovascular disease (CVD), including coronary heart
disease and stroke, often occur in individuals without prior symp-
toms.! The key element for primary prevention of CVD events is the
identification of large numbers of asymptomatic individuals who are
clinically free of CVD, but are at a sufficiently high risk for a future
CVD event.? Atherosclerosis, which is fundamental to the occurrence
of CVD, could be reflected by non-invasively evaluating carotid
atherosclerosis. Carotid plaque, which is a marker of atherosclerosis,
has been shown to be an independent predictor of CVD in
asymptomatic populations.>* In a recent meta-analysis, carotid
plaques were found to more accurately predict coronary artery
disease events than intima-media thickness (IMT),” and carotid
plaque was considered to be superior to IMT.® However, factors
associated with the occurrence and development of atherosclerosis in
human arteries are still not entirely clear.” Several studies have
investigated the baseline risk factors associated with future carotid
plaque formation and found that baseline age, hypertension,
hypercholesterolemia and smoking were significant predictors.®

Results from clinical trials have found that anti-hypertensive
medications and statin therapy can slow the progression of carotid
atherosclerosis.'®!! These observations suggest that changes in blood
pressure and lipids could affect the progression of atherosclerosis.
These clinical trials demonstrated that a decrease in a risk factor slowed
progression. However, the amount of impact that an increase in a
particular risk factor could have on the progression of atherosclerosis is
largely unknown. We therefore designed a prospective cohort study in
a general population to address this question. To our knowledge, few
prospective studies have investigated the association between changes
in risk factors and the progression of carotid atherosclerosis. We
conducted a cohort study in the Chinese population to investigate the
association between 5-year (2002-2007) changes in traditional risk
factors and the progression of carotid atherosclerosis.

METHODS

Study population

In 2002, we selected two communities (Peking University and Shijingshan
communities) in Beijing to construct our research cohort. A total of 1541
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participants from Peking University community were part of the study
population in the Chinese Multi-Provincial Cohort Study,!> in which
stratified random sampling for each sex and 10-year age group was
performed. A total of 1202 participants from Shijingshan community
were part of the study population in the PRC-USA Collaborative Study of
Cardiovascular and Cardiopulmonary Epidemiology,'? in which all age-eligible
(35-54 years) men and women in the community were enrolled. All of the
2743 participants gave informed consent and underwent a baseline carotid
ultrasound examination between October and November 2002.

Between October and November 2007, we invited all of participants for a
second ultrasound examination. Of the 2743 study subjects, 720 individuals
were excluded because of a history of CVD (1 = 62), missing laboratory results
(n=27) or the presence of carotid plaques (n=631) at baseline. An additional
433 individuals were excluded because a re-examination was not performed
(n=379), carotid plaque data were absent from re-examination (n=14),
laboratory results (n = 37) or blood pressure data (1= 3). The remaining 1590
participants with complete data from the two examinations were used for the
analysis.

Written informed consent was obtained from all participants. The Fuwai
Hospital Ethics Committee and Anzhen Hospital Ethics Committee approved
the baseline examination, and the Peking University Health Science Center
Ethics Committee approved the second examination.

Risk factor measurement

All surveys were conducted during the same season using the same protocol for
risk factor surveys. A standardized questionnaire was used to record demo-
graphic data, smoking status, history of diabetes and hypertension, and the use
of anti-hypertensive and anti-diabetic medications. Blood pressure was
measured from the right arm in the sitting position using a mercury
sphygmomanometer. The subjects were instructed to relax as much as possible
and not talk during the measurement procedure. Five minutes elapsed before
the first reading was taken. The mean value of two consecutive blood pressure
readings (an interval of 30s) was used. All three observers were properly
trained in the techniques of blood pressure measurement before starting the
survey. Glucose and lipids were measured from overnight fasting venous blood
samples. Fasting blood glucose (FBG), triglycerides (TG) and total cholesterol
(TC) were determined by an enzymatic method. High-density lipoprotein
cholesterol (HDL-C) levels were measured by a homogeneous assay. Low-
density lipoprotein cholesterol (LDL-C) levels were measured directly only
among individuals with TG >4.52 mmoll L. In the other participants, LDL-C
levels were estimated using the Friedewald equation.'*

Definition of risk factors

Current smoking was defined as having smoked at least one cigarette per day
in the past year. Body mass index was calculated with the following formula:
weight (kg) per height (m?). Hypertension was considered as a systolic blood
pressure (SBP) of >140 mm Hg and/or a diastolic blood pressure (DBP) of
>90 mm Hg, or the use of anti-hypertensive drugs in the past 2 weeks.!> We
defined diabetes as either FBG >7.0mmoll~! or the use of anti-diabetic
therapy in the past month.!®

Carotid ultrasound protocol

We used the same measurement protocol and definition of carotid plaques at
the two ultrasound examinations. The presence of carotid plaques was
inspected and measured over an area that included six segments: the far and
near walls of the entire common carotid artery, the bifurcations and internal
carotid arteries. A carotid plaque was defined as a thickness of >1.3mm
measured from the media-adventitia interface to the intima-lumen interface,
or a focal raised lesion of >0.5mm.!” We used the total plaque area of
maximum plaques (TPA) to evaluate the progression of carotid atherosclerosis
among individuals with evidence of new carotid plaque formation. As shown
in Supplementary Figure 1, the maximum plaque at each segment
was measured offline by tracing the perimeter with a cursor on the screen
in a longitudinal view, and the area of the plaque was computed using
customized software packages (EchoPac, GE Healthcare, Little Chalfont, UK).
In individuals with one or more plaques, the areas of all (one to six) maximum
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plaques were summed to give the TPA. The maximum IMT values at the far
walls of the common carotid artery were measured, and the mean-maximum
common carotid IMT (CIMT) was used for analysis.

Reproducibility study

Three independent reproducibility studies, using the same protocol, were
conducted to evaluate the intra-observer and inter-observer agreement for the
presence or absence of plaques in the same segment. Image sequences were
selected to be analyzed twice by the same observer (1 week apart), and they
were also analyzed once by another observer. First, a baseline reproducibility
study was conducted in a random sample of 50 participants from the original
cohort. Inter-observer agreement was associated with a x-value of 0.69
and intra-observer agreement with a x-value of 0.76. Second, at the
re-examination, we relied on a single experienced sonographer to read all
ultrasound images and make judgments about the presence of carotid plaques.
A re-examination reproducibility study was performed in a random sample of
20 individuals from the cohort. The intra-observer agreement was associated
with a x-value of 1.00. Additionally, considering that the observers were
different between the two examinations, we conducted a third independent
reproducibility study to evaluate the consistency between the two ultrasound
examinations. A single observer in the re-examination was required to read
images from 76 individuals that were randomly selected from the baseline
examination. The inter-observer agreement had a k-value of 0.69.

Statistical analysis

Continuous variables were expressed as the meants.d. and categorical
variables were presented as counts (percentages). The paired-sample #-test or
the McNemar paired y-test was used to compare the means or percentages
between the two examinations.

Stepwise logistic regression (entry, 0.05; removal, 0.05) was used to explore
the effect of traditional risk factors and their changes on the incidence of
carotid plaque. Stepwise multiple linear regression (entry, 0.05; removal, 0.05)
was used to analyze the linear association between traditional risk factors and
their changes and TPA. The distribution of TPA among individuals was skewed
to the left, and natural logarithmic transformation of TPA was performed
before linear regression. TPA by baseline SBP and SBP change was also
calculated to explore whether the change in SBP could be independently
associated with atherosclerosis progression. The mean values of TPA were
adjusted for sex, baseline age, TC, HDL-C, CIMT and current smoking by
using the analysis of covariance. Subgroup analyses were conducted to evaluate
whether 5-year SBP change had a different predictive power for carotid
atherosclerosis progression between individuals with and those without
hypertension at baseline.

Statistical analyses were performed using SAS software, version 9.2 (SAS
Institute Inc., Cary, NC, USA). All analyses were two-sided with a P-value of
0.05 considered to indicate statistical significance.

RESULTS

Five-year progression of carotid atherosclerosis

A total of 1590 individuals, 993 women and 597 men, with a mean
(s.d.) age of 56.9 8.1 years, were enrolled in this study. As shown in
Table 1, the incidence of carotid plaque was 45.5% in women, 54.9%
in men, and 49.1% overall. Table 1 also describes the age and sex
distribution of TPA that increased by age in both men and women.
Moreover, the respective incidence of carotid plaque at each segment
is shown in Supplementary Table. The incidence at bifurcation is
much higher than that at common carotid artery and internal carotid
artery.

Risk factors at baseline and at re-examination

Baseline and re-examination characteristics of this study population
are summarized in Table 2. Mean SBP, DBP, pulse pressure, TG, FBG
and the prevalence of hypertension and diabetes mellitus were all
significantly higher at re-examination than at baseline in both men
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Table 1 Five-year progression of carotid atherosclerosis by baseline age and sex

Incidence (%) of carotid plaque

Total plaque area (mm?)

Women Men Women Men
Age (years) N n (%) N n (%) N TPA N TPA
<50 271 79 (29.2) 153 70 (45.8) 271 18.00+9.27 153 24.07+21.59
50-59 387 167 (43.2) 181 93 (51.4) 387 19.49+12.02 181 28.43 £28.06
=60 335 206 (61.5) 263 165 (62.7) 335 24.72+£20.00 263 33.04+32.25
Total 993 452 (45.5) 597 328 (54.9) 993 20.85+14.91 597 29.35£28.76
Table 2 Characteristics of study participants at baseline (2002) and at re-examination (2007)

Women (N= 993) Men N=597) Total (N=1590)

Characteristic? 2002 2007 2002 2007 2002 2007
Age, years 56.4+7.7 61.4+7.7 57.8+8.6 62.8+8.6 56.9%+8.1 61.9+8.1
SBP, mm Hg 127.8+19.4 134.5+18.50 131.2+18.1 136.8+17.4° 129.1+19.0 135.3+18.1°
DBP, mm Hg 77.6+10.0 80.5+10.0° 82.8+10.5 84.1+10.1° 79.6+10.5 81.9+10.2°
PP, mm Hg 50.2+14.6 53.9+13.4° 48.4+14.0 52.7+12.7° 49.5+14.4 53.5+13.1°
TC, mmol | -1 5.36+1.03 5.51+1.00° 5.16+0.92 5.05+0.86° 5.28+1.00 5.34+0.98°
LDL-C, mmol |1 3.51+0.94 3.31+0.86° 3.48+0.89 3.15+£0.79° 3.50+0.92 3.25+0.84°
HDL-C, mmol |1 1.37+0.32 1.40+0.24° 1.24+0.28 1.25+0.23 1.32+0.31 1.34+0.25°
TG, mmol -1 1.563+£0.98 1.82+1.16° 1.55+1.03 1.73+1.40° 1.54+£1.00 1.79+1.26°
FBG, mmol | 1 4.95+1.09 5.80+1.39° 5.06+1.39 5.90+1.36° 4.99+1.21 5.84+1.38°
BMI, kgm 2 25.6+3.6 25.5+3.6 255+3.1 25.2+3.1 255+3.4 25.4+3.4
Current smoking 64 (6.5) 54 (5.4)° 205 (34.3) 181 (30.3)° 269 (16.9) 235 (14.8)°
Hypertension 396 (39.9) 516 (52.0)° 290 (48.6) 353 (59.1)° 686 (43.1) 869 (54.7)°
Diabetes 70 (7.1) 135 (13.6)° 36 (6.0) 82 (13.7)° 106 (6.7) 217 (13.7)°

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; PP, pulse

pressure; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides.

aContinuous variables were expressed as mean +s.d. and categorical variables were presented as counts (percentages).
bP<0.05, compared with the value at baseline (2002) by using the paired-sample t-test or the McNemar paired y2-test.

and women. In contrast, mean LDL-C and the prevalence of current
smoking were significantly lower at re-examination than at baseline in
men and women. Mean TC increased during 5 years in women but
decreased in men compared with baseline (Table 2).

Five-year changes in traditional risk factors and carotid
atherosclerosis progression

Table 3 shows that in addition to baseline age, SBP, TC, HDL-C, TG,
CIMT and current smoking, a 5-year change in SBP was also
associated with the incidence of carotid plaque. Further, Table 4
shows that a 5-year change in SBP has a linear association with TPA
after adjusting for baseline risk factors.

We also analyzed the association between pulse pressure and the
progression of carotid atherosclerosis (Supplementary Tables 2 and 3),
and found that the 5-year change in pulse pressure was independently
associated with TPA but not with the incidence of carotid plaques.

Association between SBP change and TPA by baseline SBP

As shown in Figure 1, TPA increased both by increasing baseline SBP
and by a 5-year SBP change when adjusted for sex, baseline age, TC,
HDL-C, CIMT and current smoking (P for trend <0.001 and 0.004).
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The interaction between baseline SBP and SBP change was not
significant (P=0.154).

Subgroup analyses

Among 904 individuals without hypertension at baseline, the 5-year
change in SBP was significantly associated with the occurrence of new
carotid plaques (P=0.043) and was also associated with the total
plaque area of new plaques (P=0.015, Table 5). However, baseline
SBP could not be entered into multiple logistic and linear regression
models. Conversely, among 686 individuals with hypertension at
baseline, the 5-year change in SBP change was not significantly
associated with the occurrence of new plaques or total plaque area,
but baseline SBP was associated with these variables (P=0.018 and
0.012, Table 5).

DISCUSSION

The primary finding in our study was that in addition to baseline age,
SBP, TC, HDL-C, TG, CIMT and current smoking, a 5-year change in
SBP was also associated with the carotid atherosclerosis progression in
our study population. To the best of our knowledge, this is the first
study to investigate the association between changes in risk factors
and the progression of carotid atherosclerosis in a general population.



Table 3 ORs of traditional risk factors and their changes for the
incidence of carotid plaque, results from stepwise logistic regression
(entry, 0.05; removal, 0.05)

Variables in the model? B OR (95% ClI) P-value
Risk factors at baseline
Age, years 0.039 1.04 (1.02-1.06) <0.001
SBP, mm Hg 0.019 1.02(1.01-1.03) <0.001
TC, mmol -1 0.472 1.60(1.40-1.84) <0.001
HDL-C, mmol |1 —-1.041 0.35(0.23-0.55) <0.001
TG, mmol |1 -0.208 0.81 (0.71-0.93) 0.003
CIMT, mm 1.309 3.70(1.91-7.17) <0.001
Current smoking, 1 =yes and 0 =no 0.470 1.60(1.18-2.16) 0.002
Five-year change
SBP, mm Hg 0.009 1.01(1.01-1.02) 0.029

Abbreviations: BMI, body mass index; Cl, confidence interval; CIMT, common intima-media
thickness; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; OR, odds
ratio; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides.

2Sex, baseline age, SBP, TC, HDL-C, TG, FBG, BMI, CIMT, current smoking and anti-
hypertensive medication use, and 5-year changes in SBP, TC, HDL-C, TG, FBG and BMI
entered logistic regression model using the stepwise selection method.

Table 4 Predictors of total plaque area at follow-up in stepwise
multiple linear regression analysis (entry, 0.05; removal, 0.05)

Variables in the model® i R2 P-value
Risk factors at baseline
Age, years 0.071 0.003 <0.001
Sex, 1 =male and O =female 0.095 0.018 <0.001
SBP, mm Hg 0.147 0.022 <0.001
TC, mmol -1 0.129 0.012 <0.001
HDL-C, mmol | -1 -0.123 0.014 <0.001
CIMT, mm 0.161 0.051 <0.001
Current smoking, 1 =yes and O =no 0.067 0.004 0.015
5-year change
SBP, mm Hg 0.071 0.004 0.014
Summarized model R? 0.127

Abbreviations: BMI, body mass index; CIMT, common intima-media thickness; FBG, fasting
blood glucose; HDL-C, high-density lipoprotein cholesterol; SBP, systolic blood pressure;
TC, total cholesterol; TG, triglycerides.

aSex, baseline age, SBP, TC, HDL-C, TG, FBG, BMI, CIMT, current smoking and anti-
hypertensive medication use, and 5-year changes in SBP, TC, HDL-C, TG, FBG and BMI
entered multiple linear regression model using the stepwise selection method.
bStandardized regression coefficients.

These findings underline the importance of early detection and
control of SBP for the prevention of atherosclerosis progression. The
progression of atherosclerosis is not only associated with hyperten-
sion, but can also develop silently in the face with increasing SBP.

Carotid plaque formation represents a later stage in the
development of atherosclerosis that is related to the oxidation of
lipids, transmigration and infiltration of monocytes and lympho-
cytes, inflammation, and smooth muscle cell proliferation.!®
Thickening of intima-media layer is usually caused by smooth
muscle cell hypertrophy in the media layer. However, the
progression of atherosclerosis, particularly in its early phase, is
restricted to the intimal layer. Recently, Spence® suggested that
carotid plaque measurement is superior to IMT. First, the former
was a stronger predictive index for myocardial infarction and
stroke than the latter.®?° Second, TPA provided more detailed
information about atherosclerosis progression than IMT because
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Figure 1 The mean values (mm?2) of the total plaque area by baseline
systolic blood pressure (SBP) and 5-year SBP change by using the analysis
of covariance, adjusted for sex, baseline age, total cholesterol, high-density
lipoprotein cholesterol, common carotid intima-media thickness and current
smoking. A full color version of this figure is available at Hypertension
Research online.

the longitudinal growth of plaque along the carotid axis of
flow occurred at twice the rate of thickening toward the lumen.?!
Finally, the dynamic scale range of TPA was much wider than that
of IMT.®

The Mannheim Carotid IMT and Plaque Consensus also empha-
sized the importance of carotid plaque measurement, and recom-
mended that plaque location, thickness, area and number should be
recorded.?? In this study, we used the incidence of carotid plaque and
the TPA of maximum plaques to evaluate the progression of carotid
atherosclerosis. However, unlike the TPA suggested by Spence et al., >3
we did not measure the areas for all plaques, but only for those
maximum plaques according to Tromse Study.>*

The present study demonstrates that baseline age, SBP, TC, HDL-C,
TG, CIMT and current smoking are independent predictors of future
carotid plaque development. This is consistent with previous findings
from five large-scale and population-based prospective studies con-
ducted in European countries (Germany, Italy, France, Norway and
the Netherlands).®*28 Few similar cohort studies have been
conducted among the East Asian population, for whom stroke
rather than coronary heart disease is the predominant type of CVD.
A cross-sectional study conducted in 8144 Japanese individuals found
hypertension to be the greatest contributor to the formation of
carotid plaque.?’ To our knowledge, this is the first study to
investigate the risk factors associated with carotid atherosclerosis
progression in a general Chinese population.

In this study, a 5-year change in SBP had a relatively weak
association with the progression of carotid atherosclerosis compared
with baseline SBP and other risk factors. This finding suggests that the
short-term effect of a change in SBP on the progression of athero-
sclerosis is less than the effect of baseline SBP that may represent a
long-term effect on atherosclerosis. Our finding also indicated that
maintaining SBP at optimal levels is essential because individuals with
long-term optimal SBP levels had the lowest progression of athero-
sclerosis. Additionally, it is never too late to initiate control of SBP
because individuals with a small increase in SBP in the short-term
had less progression of atherosclerosis compared with those with large
increases in SBP.
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Table 5 Predictive powers of baseline SBP and 5-year SBP change for new carotid plaque occurrence and total plaque area at follow-up,
results from stepwise multiple logistic and linear regression analysis (entry, 0.05; removal, 0.05)2, by with or without hypertension at baseline

Without baseline hypertension (N= 904)

With baseline hypertension (N = 686)

Logistic regression

Linear regression

Logistic regression Linear regression

OR (95% ClI) P-value g P-value OR (95% ClI) P-value g P-value
Baseline SBP /¢ / / / 1.01 (1.00-1.02) 0.018 0.121 0.012
Five-year SBP change 1.01 (1.00-1.02) 0.043 0.081 0.015 / / / /

Abbreviations: BMI, body mass index; Cl, confidence interval; CIMT, common intima-media thickness; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; OR, odds ratio;

SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides.

aSex, baseline age, SBP, TC, HDL-C, TG, FBG, BMI, CIMT, current smoking and anti-hypertensive medication use, and 5-year changes in SBP, TC, HDL-C, TG, FBG and BMI entered logistic

regression or linear regression model using the stepwise selection method.
bStandardized regression coefficients.
¢Indicates that the variable cannot enter into the model at the significant level of 0.05.

In addition, our study found that pseudo-R? from the logistic
regression (Table 3) was 0.124 and R? from the linear regression
(Table 4) was 0.127, indicating that further research is needed to
explore and identify the underlying risk factors for the occurrence and
development of atherosclerosis in human arteries.

Our study has several limitations. First, 433 individuals with
complete baseline data were excluded from the study because either
they did not undergo a re-examination or re-examination data were
missing. As a result, the possibility of selection bias exists. This group
of excluded participants was older (58.5 % 8.2 years) and had healthy
LDL-C, HDL-C and body mass index levels. Nevertheless, the
differences in SBP, DBP and the prevalence of hypertension were
not significant (Supplementary Table 4). Therefore, we believe that
selection bias should not affect our primary findings. Second, despite
showing an association between a 5-year change in SBP and the
progression of carotid atherosclerosis, we could not confirm that the
former predicted the latter because it could not be determined with
certainty whether a change in SBP preceded the development of
atherosclerosis. Third, we did not consider the effect of statin therapy
on the change in LDL-C status because we did not collect information
on the use of lipid-lowering medications at baseline in the PRC-USA
Collaborative Study. According to the information collected at
re-examination, however, only eight individuals (1.4%) reported
having taken statins. Therefore, even though we failed to consider
statin therapy at the outset of our study, the effect on our results
should have been limited.

In conclusion, our study demonstrates that in addition to baseline
age, SBP, TC, HDL-C, TG, CIMT and current smoking, 5-year change
in SBP was also associated with the progression of carotid athero-
sclerosis. The progression of atherosclerosis is not only dependent on
the presence of hypertension but also silently influenced by increases
in SBP.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

ACKNOWLEDGEMENTS

We appreciate the participation of our colleagues, especially the contribution of
the research participants in the study. This study was supported by the
National Natural Science Foundation of China (contract nos. 81170266,
81070226, 81302503 and 81000109), the National Science & Technology Pillar
Program During the Twelfth Five-Year Plan Period of China (contract nos.
2011BAI09B01 and 2011BAI11B03) and Capital Health Research and
Development of Special (contract no. 2011-1005-01).

Hypertension Research

1 Greenland P, Abrams J, Aurigemma GP, Bond MG, Clark LT, Criqui MH, Crouse JR 3rd,
Friedman L, Fuster V, Herrington DM, Kuller LH, Ridker PM, Roberts WC,
Stanford W, Stone N, Swan HJ, Taubert KA, Wexler L. Prevention conference
v- Beyond secondary prevention: ldentifying the high-risk patient for primary
prevention: noninvasive tests of atherosclerotic burden: Writing group iii. Circulation
2000; 101: E16-E22.

2 Smith Jr. SC, Greenland P, Grundy SM. AHA conference proceedings. Prevention
conference v- Beyond secondary prevention: identifying the high-risk patient for
primary prevention: executive summary. American heart association. Circulation
2000; 101: 111-116.

3 Xie W, Wu Y, Wang W, Zhao D, Liang L, Wang M, Yang Y, Sun J, Shi P, Huo Y.
A longitudinal study of carotid plaque and risk of ischemic cardiovascular disease in
the chinese population. J Am Soc Echocardiogr 2011; 24: 729-737.

4 Kawai T, Ohishi M, Takeya Y, Onishi M, Ito N, Oguro R, Yamamoto K, Kamide K,
Rakugi H. Carotid plaque score and intima media thickness as predictors of stroke and
mortality in hypertensive patients. Hypertens Res 2013; 36: 902-909.

5 Inaba Y, Chen JA, Bergmann SR. Carotid plaque, compared with carotid intima-media
thickness, more accurately predicts coronary artery disease events: a meta-analysis.
Atherosclerosis 2012; 220: 128-133.

6 Spence JD. Carotid plaque measurement is superior to imt invited editorial
comment on: Carotid plaque, compared with carotid intima-media thickness, more
accurately predicts coronary artery disease events: A meta-analysis-Yoichi Inaba, MD,
Jennifer A Chen MD, Steven R Bergmann MD, PhD. Atherosclerosis 2012; 220:
34-35.

7 Libby P, Ridker PM, Hansson GK. Progress and challenges in translating the biology of
atherosclerosis. Nature 2011; 473: 317-325.

8 Fujii K, Abe |, Ohya Y, Ohta Y, Arima H, Akasaki T, Yoshinari M, lida M. Risk factors for
the progression of early carotid atherosclerosis in a male working population. Hypertens
Res 2003; 26: 465-471.

9 Johnsen SH, Fosse E, Joakimsen O, Mathiesen EB, Stensland-Bugge E, Njolstad I,
Arnesen E. Monocyte count is a predictor of novel plaque formation: a 7-year follow-up
study of 2610 persons without carotid plaque at baseline the tromso study. Stroke
2005; 36: 715-719.

10 Zheng L, Hodis HN, Buchanan TA, Li Y, Mack WJ. Effect of antihypertensive therapy on
progression of carotid intima-media thickness in patients with type 2 diabetes mellitus.
Am J Cardiol 2007; 99: 956-960.

11 Crouse JR 3rd, Raichlen JS, Riley WA, Evans GW, Palmer MK, O’Leary DH,
Grobbee DE, Bots ML. Effect of rosuvastatin on progression of carotid intima-media
thickness in low-risk individuals with subclinical atherosclerosis: the meteor trial.
JAMA 2007; 297: 1344-1353.

12 Liu J, Hong Y, D'Agostino RB Sr., Wu Z, Wang W, Sun J, Wilson PW, Kannel WB,
Zhao D. Predictive value for the chinese population of the framingham CHD risk
assessment tool compared with the chinese multi-provincial cohort study. JAMA 2004;
291: 2591-2599.

13 People’s Republic of China-United States Cardiovascular and Cardiopulmonary
Epidemiology Research Group. An epidemiological study of cardiovascular and
cardiopulmonary disease risk factors in four populations in the people’s republic of
china. Baseline report from the P.R.C.-U.S.A. Collaborative study. Circulation 1992;
85: 1083-1096.

14 Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density
lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge. Clin
Chem 1972; 18: 499-502.

15 Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, lzzo Jr. JL, Jones DW,
Materson BJ, Oparil S, Wright Jr. JT, Roccella EJ. The seventh report of the joint
national committee on prevention, detection, evaluation, and treatment of high blood
pressure: the JNC 7 report. JAMA 2003; 289: 2560-2572.

16 Expert Committee on the Diagnosis and Classification of Diabetes Mellitus. Report of
the expert committee on the diagnosis and classification of diabetes mellitus. Diabetes
Care 2003; 26(Suppl 1), S5-20.



17 Xie W, Liang L, Zhao L, Shi P, Yang Y, Xie G, Huo Y, Wu Y. Combination of carotid
intima-media thickness and plaque for better predicting risk of ischaemic cardio-
vascular events. Heart 2011; 97: 1326-1331.

18 Al-Shali K, House AA, Hanley AJ, Khan HM, Harris SB, Mamakeesick M, Zinman B,
Fenster A, Spence JD, Hegele RA. Differences between carotid wall morphological
phenotypes measured by ultrasound in one, two and three dimensions. Atherosclerosis
2005; 178: 319-325.

19 Johnsen SH, Mathiesen EB, Joakimsen O, Stensland E, Wilsgaard T, Lochen ML,
Njolstad I, Arnesen E. Carotid atherosclerosis is a stronger predictor of myocardial
infarction in women than in men: a 6-year follow-up study of 6226 persons: The
tromso study. Stroke 2007; 38: 2873-2880.

20 Mathiesen EB, Johnsen SH, Wilsgaard T, Bonaa KH, Lochen ML, Njolstad I. Carotid
plague area and intima-media thickness in prediction of first-ever ischemic stroke: a
10-year follow-up of 6584 men and women: The tromso study. Stroke 2011; 42:
972-978.

21 Herder M, Johnsen SH, Arntzen KA, Mathiesen EB. Risk factors for progression of
carotid intima-media thickness and total plaque area: a 13-year follow-up study: The
tromso study. Stroke 2012; 43: 1818-1823.

22 Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco P, Bornstein N, Csiba L,
Desvarieux M, Ebrahim S, Hernandez Hernandez R, Jaff M, Kownator S, Naqvi T,
Prati P, Rundek T, Sitzer M, Schminke U, Tardif JC, Taylor A, Vicaut E, Woo KS.
Mannheim carotid intima-media thickness and plaque consensus (2004-2006—
2011). An update on behalf of the advisory board of the 3rd, 4th and 5th watching
the risk symposia, at the 13th, 15th and 20th european stroke conferences,
mannheim, germany, 2004, brussels, belgium, 2006, and hamburg, germany,
2011. Cerebrovasc Dis 2012; 34: 290-296.

SBP change and carotid atherosclerosis progression
W Xie et al

23 Spence JD, Eliasziw M, DiCicco M, Hackam DG, Galil R, Lohmann T. Carotid plaque
area: a tool for targeting and evaluating vascular preventive therapy. Stroke 2002; 33:
2916-2922.

24 Johnsen SH, Mathiesen EB, Fosse E, Joakimsen O, Stensland-Bugge E, Njolstad I,
Arnesen E. Elevated high-density lipoprotein cholesterol levels are protective against
plaque progression: a follow-up study of 1952 persons with carotid atherosclerosis the
tromso study. Circulation 2005; 112: 498-504.

25 Zureik M, Ducimetiere P, Touboul PJ, Courbon D, Bonithon-Kopp C, Berr C, Magne C.
Common carotid intima-media thickness predicts occurrence of carotid atherosclerotic
plaques: longitudinal results from the aging vascular study (eva) study. Arterioscler
Thromb Vasc Biol 2000; 20: 1622-1629.

26 Prati P, Vanuzzo D, Casaroli M, Bader G, Mos L, Pilotto L, Canciani L, Ruscio M,
Touboul PJ. Determinants of carotid plaque occurrence. a long-term prospective
population study: The san daniele project. Cerebrovasc Dis 2006; 22: 416-422.

27 von Sarnowski B, Ludemann J, Volzke H, Dorr M, Kessler C, Schminke U. Common
carotid intima-media thickness and framingham risk score predict incident carotid
atherosclerotic plaque formation: longitudinal results from the study of health in
pomerania. Stroke 2010; 41: 2375-2377.

28 Van Der Meer IM, De Maat MP, Hak AE, Kiliaan AJ, Del Sol Al, Van Der Kuip DA,
Nijhuis RL, Hofman A, Witteman JC. C-reactive protein predicts progression of
atherosclerosis measured at various sites in the arterial tree: The rotterdam study.
Stroke 2002; 33: 2750-2755.

29 Ishizaka N, Ishizaka Y, Toda E, Hashimoto H, Nagai R, Yamakado M. Hypertension is
the most common component of metabolic syndrome and the greatest contributor to
carotid arteriosclerosis in apparently healthy japanese individuals. Hypertens Res
2005; 28: 27-34.

Supplementary Information accompanies the paper on Hypertension Research website (http://www.nature.com/hr)

965

Hypertension Research


http://www.nature.com/hr

	Five-year change in systolic blood pressure is independently associated with carotid atherosclerosis progression: a population-based cohort study
	Introduction
	Methods
	Study population
	Risk factor measurement
	Definition of risk factors
	Carotid ultrasound protocol
	Reproducibility study
	Statistical analysis

	Results
	Five-year progression of carotid atherosclerosis
	Risk factors at baseline and at re-examination
	Five-year changes in traditional risk factors and carotid atherosclerosis progression
	Association between SBP change and TPA by baseline SBP
	Subgroup analyses

	Discussion
	Acknowledgements
	Note
	References




