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Carotid atherosclerosis is associated with hypertension
in @ hospital-based retrospective cohort
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Abstract: Objective: We aim to investigate the association between carotid artery plaque and blood pressure varia-
tion, as well as other cardiovascular risk factors. Materials and methods: We retrospectively analyzed clinical data
of inpatients with high blood pressure treated in the Department of Hypertension from April 2009 to June 2010.
Results from carotid ultrasonography, demographic characteristics, and other clinical data were obtained from 408
patients. Results: (1) The rate of positive plaque in carotid artery was 55.1%, and there was no difference between
men and women. However, this rate was positively correlated with the age of the patients. (2) The rate of positive
plaque in carotid artery was associated with the duration of the disease, fasting blood-glucose levels, total choles-
terol, and low-density lipoprotein-cholesterol (LDL-C). (3) The prevalence of carotid artery plaque increased in ac-
cordance with the coefficient of systolic pressure variation (X? = 15.83, P = 0.001), whereas no correlation existed
between prevalence of carotid artery plaque and coefficient of diastolic pressure variation and the plaque preva-
lence (X? = 0.24, P = 0.97). Mean systolic blood pressure (MSBP) was positively correlated with prevalence of ca-
rotid artery plaque (X?= 10.47, P = 0.005). (4) Multivariate regression analysis indicated that carotid plaque was
associated with the age, duration of hypertension, high-density lipoprotein-cholesterol (HDL-C), LDL-C, 24 h MSBP,
and coefficient of systolic pressure variation, whereas no associations were found with the coefficient of diastolic
pressure variation, 24 h average diastolic blood pressure (AvDP), and 24 h mean arterial pressure (MAP) (P > 0.05).
Conclusion: Carotid atherosclerosis was independently associated with variation of blood pressure, especially with
coefficient of systolic blood pressure variation.

Keywords: Carotid artery plaque, variation of blood pressure, ultrasonography

Introduction

During the American College of Cardiology’s
(ACC) annual meeting in 2010, blood pressure
variation (BPV) was emphasized for furth-
er discussion about hypertension. Lancet
Hypertension published a related article, which
stated that BPV was the most significant topic
in clinical hypertension research in 2010.
Although hypertension was the most common
remediable cardiovascular risk factor, little is
known about the damage on target organs
caused by hypertension [1]. The benefits from
anti-hypertensive drugs, which are supported
by all major clinical guidelines of hypertension
treatment, can be accounted for by a decrease
in blood pressure into the normal blood pres-
sure range [1]. However, the importance of
measurement indices, such as clinical BPV and

highest blood pressure, tends to be overlooked.
It remains unknown whether anti-hypertensive
drugs have an effect on these measurement
indices [2]. Although BPV is not a new topic
properly understanding and maintaining BPV is
essential. Using statistical analyses of patient
data on daylong ambulatory blood pressure in
the hypertension clinic in our hospital, we aim
to evaluate the impact of BPV on the genesis
and development of carotid artery atheroscle-
rosis and to underscore the significance of BPV
in atherosclerosis for clinical medicine.

Materials and methods
Study population and diagnostic criteria

We randomly selected 706 inpatients from the
hypertension clinic in our hospital during the



Carotid atherosclerosis and hypertension

Table 1. Baseline of clinical data between two groups of patients

nography. Patients with

Patient with

Patient without

carotid plaques were divid-

ltems plaque, n =225  plaque, n = 183 P ed into positive plaque
Age (Year) 6157 + 11.65 4756+ 13.85  <0.001 group and negative carotid
Male (n, %) 116 (56.3) 103 (51.3) 0.341 plague group.
BMI (Kg/M?2) 2715 + 7.51 26.86 + 3.86 0.636 Statistical analysis
Smoking (n, %) 62 (27.4) 49 (26.8) 0.860
Hypertension duration (Yr)  3.95 + 2.46 243+ 1.74 <0.001 Statistical analyses were
FBG (mmol/L) 6.07+1.63 6.03 + 4.67 0.905 performed using SPSS13.0
2 hPG (mmol/L) 8.99 + 2.88 8.69 + 3.23 0.322 (USA). Measured values fol-
CHO (mmol/L) 4.85 + 1.22 4.56 + 1.08 0.012 lowing a normal_ distribu-
tion were represented as
TG (mmol/L) 1.97 + 1.44 2.06 + 1.46 0.533 Mean + standard deviation.
HDL. C (mmol/L) 1.15+0.36 1.15 + 0.61 1.000 Comparisons between two
LDL. C (mmol/L) 3.02+0.85 2.93 +0.93 0.309 groups were examined
MSBP (mmHg) 12851+ 16.67 123.97 +19.27  0.011 using ttest. The enumera-
AvDP (mmHg) 7432 + 11.61 80.71 + 11.04 <0.001 tion data was represented
MAP (mmHg) 80.13+33.33  84.64 +31.86 0.166 as a rate, and comparisons
Variable coefficient (SP) 2.90+0.78 2.60 +0.76 <0.001 were examined Dby chi-
Variable coefficient (DP) 2.73+0.75 269 +0.75 0.592 square test. Logistic regres-

time period from April 2009 to June 2010. 408
patients who underwent carotid B ultrasound
examination were finally collected. There were
219 men and 189 women, whose ages ranged
from 18 to 97 years (53.3 + 14.98 (mean *
standard deviation)). Patients who had systolic
pressure of 140 mmHg or higher on three suc-
cessive measurements in different days or dia-
stolic blood pressure (DBP) equal to 90 mmHg
or higher were diagnosed with hypertension [3].
Patients with secondary hypertension and
patients younger than 18 years old were exclud-
ed from this study.

Data collection

Ambulatory blood pressure monitoring (ABPM)
was performed once every 15 minutes in the
daytime and every 30 minutes at night using a
noninvasive, portable blood pressure monitor
(Space Labs 90217, the United States). The
MSBP, the 24-hour mean DBP (MDBP), the
three successive daytime blood pressures in
different days (dSBP), the daytime DBP (dDBP),
the night SBP (nSBP), the night DBP (nDBP), the
24-hour pulse pressure (24h PP), the 24-hour
SBP variable coefficient (24 h SBPV), and the
24-hour DBP variable coefficient (24 h DBPV)
were recorded. Color Doppler Ultrasonic
Diagnosis Apparatus (ALOKA-a10, Japan) was
used for carotid artery duplex Doppler ultraso-
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sion analysis was used
to study the relationship
between risk factors and carotid atherosclero-
sis. P-values less than 0.05 were considered
statistically significant.

Results
Demographic and baseline characteristics

Analyzing the general demographic characteris-
tics of the chosen patients, shown in Table 1,
revealed that all factors, except for Body Mass
Index (BMI), mean arterial pressure (MAP), fast-
ing blood-glucose (FBG), 2 h plasma glucose (2
h PG) and variable coefficient (DP), were signifi-
cantly different between the carotid artery
plague group and without carotid artery plaque
group (P < 0.01). As was shown in the Table 2,
the prevalence of carotid artery plagque was
55.3%, and there was no gender difference in
the anatomic distribution. The prevalence rate
for men was 53.7% while for women it was
46.3% (X2 =0.91, P = 0.34).

Association of carotid artery plaques with
cardiovascular risk factors

Prevalence rates of carotid artery plaque in
patients based on hypertension duration, FBG,
total cholesterol (CHO), HDL-C and LDL-C are
shown in Table 2. The rate of positive plaque in
carotid artery was associated with the duration
of the disease, FBG, total cholesterol, HDL-C,
and LDL-C.
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Table 2. Comparison on positive rate of carotid artery plaque according  Correlation analyses of

to demographic characteristic and biochemical item carotid artery plaque and
Patient with Patient with- blood pressure variation
Variables plaque out plaque X2 P .
N=225 % N=183 % As shown. |n. Table 3, there
Gender 0008 0341 vx_/as a significant correlq-
Male 116 53.0 103 47.0 tion ‘between the coeffi-
cient of systolic pressure
Female 109 577 80 42.3 variation (SP) and the prev-
Age (year) 93.697 <0.001  46nce rate of carotid artery
<40 8 13.6 51 86.4 plaque (X2 = 15.83, P =
40-50 29 354 53 646 0.001). On the other hand,
50-60 59 562 46 438 there was no significant
60-70 64 78.0 18 22.0 correlation between the
>70 65 813 15 18.7 coefficient of diastolic pres-
Hypertension duration (year) 46.724 <0.001 sure variation (DP) and the
<5 22 344 42 65.6 prevalence rate (X? = 0.24,
5-10 41 41.0 59 59.0 P = 0.97). The prevalence
10-20 74 55.2 60 44.8 rate was positively corre-
> 20 88 800 22 200 lated -with MSBP _ (X* =
Weight 0533 o766 1047 P = 0.005). The
Normal 52 565 40 435 prevalence rate was nega-
) tively associated with aver-
Overweight 96 565 74 435 age diastolic blood pres-
Obese 7 52.7 69 47.3 sure (AvDP) when AvDP was
Smoking 0.005 0.940  |ags than 80 mmHg. The
Yes 164 550 134 45.0 prevalence rate was con-
No 61 559 49 441 sistent when AvDP was
FBG (mmol/L) 9.728 0.008 more than 80 mmHg (X2 =
3.9-6.0 144 50.3 142 49.7 26.63, P < 0.001) Mo-
6.1-6.9 38 623 23 37.7 reover, prevalence rate was
>70 43 70.5 18 205 negatively associated with
2hPG (mmol/L) 2.385 0303 24 h mean arterial pres-
<77 86 50.9 83 491 sure (MAP) when MAP was
7.811.0 101 577 74 423 less than 100 mmHg, and
>11.1 38 603 25 397 the ,pf[e"?'e”;e ';\theP was
consistent when was
TG;TH;((;I/L) ot 56 o ras 0.235 0.627 more than 100 mmHg (X2 =
' ' ) 5.16, P =0.12).
>1.70 104 53.9 89 46.1
CHO (mmol/L) 5.833 0.054 Multivariate analysis
<5.18 153 519 142 481 between carotid artery
5.18-6.1 51 60.7 33 39.3 plaque and cardiovascu-
>6.22 21 724 8 276 lar risk factors
HDL (mmol/L) 9.164 0.003 o _
<1.04 119 533 104 46.7 Multivariate analysis WE'IS
> 1.04 196 683 59 317 performed between carotid
LDL (mmol/L) 5167 0076 Ny plague as the depen-
dent variable and cardio-
<3.37 155 518 144 482 vascular risk factors as the
3.37-4.12 49 628 29 37.2 independent variables with
>4.14 21 67.7 10 32.3 specific plotting parame-
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Table 3. Comparison on positive rate of carotid artery plaque according to 24 hambulatory blood pres-

sure

Patient with plaque

Patient without plaque

Ambulatory blood pressure X2 P
N =225 % N =183 %
Variable coefficient (SP) 15.83 0.001
<5 14 50.0 14 50.0
6-9 46 42.1 63 57.9
10-15 121 58.5 86 41.5
>15 46 72.1 18 27.9
Variable coefficient (DP) 0.240 0.971
<5 14 54.2 11 45.8
6-9 63 53.9 53 46.1
10-15 123 56.2 96 43.8
> 15 28 57.4 20 42.6
MSBP (mmHg) 10.47 0.005
<120 52 44.8 64 55.2
121-139 120 57.4 89 42.6
> 140 56 67.5 27 325
AvDP (mmHg) 26.63 <0.001
<60 32 69.6 14 30.4
61-69 65 73.9 23 26.1
70-79 75 52.1 69 47.9
80-89 29 40.8 41 59.2
>90 25 41.7 35 58.3
MAP (mmHg) 5.781 0.123
<90 122 60.4 80 39.6
91-99 61 54.5 51 45.5
100-109 27 43.5 34 56.5
>110 16 48.5 17 51.5

ters including MSBP, AvDP, MAP, SP, and DP for
multifactor regression analysis (Table 4). There
was no significant correlation between carotid
artery plague and coefficient of diastolic pres-
sure variation, 24 h AvDP, and 24 h MAP (P >
0.05). However, carotid artery plaque had sig-
nificant correlation with age, hypertension
duration, HDL-C, LDL-C, 24 h MSBP, and coeffi-
cient of variation of systolic pressure variation
(P <0.001 or P<0.05) (Table 4).

Discussion

Atherosclerosis is the outstanding feature of
carotid artery plaque that can lead to cardio-
vascular and cerebral vascular events. In order
to discover early atherosclerotic lesions, ath-
erosclerosis can be examined and found using
a B ultrasound. Moreover, detection is an
important tool in diagnosing early atheroscle-
rotic lesions, choosing control measures, and
evaluating the effectiveness of intervention [4].
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Blood pressure is a powerful predictor of car-
diovascular events [5]. In order to adapt to the
body’s physiological function, blood pressure
may fluctuate continuously with change in phys-
iological state or environment. Excitement,
fear, anxiety and exercise, especially during the
contraction period, cause a significant rise in
blood pressure while blood pressure falls dur-
ing sleep. This fluctuation of blood pressure for
a certain period of time can be defined as blood
pressure variability (BPV) [6]. In recent years,
with the wider application of ambulatory blood
pressure monitoring in clinical treatment, there
has been remarkable progress in BPV research.
BPV was represented as the standard deviation
or variable coefficient (standard deviation/
mean) of blood pressure over a period of time.
In addition, variable coefficient has the changed
propensity in which higher mean blood pres-
sure led to larger standard deviation [7]. By
obtaining short-term (several seconds to sever-
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Table 4. Potential risk factors of carotid artery plaque derived from

multivariate logistic regression analysis

Japan and other eastern
Asian countries; while the

risk of coronary artery dis-

, 95% CI of OR :
Variables — — ease events was increased
Lower limit  Upper limit .

Vil 0706 038 1311 0970 in Europe [11]. The note-
ale _ : ) ’ ) worthy part was that the

Age, unit = 1 1.093  1.067 1119 0.001 prevalence rate of carotid

Smoking 1.538 0.817 2.894 0.182 correlation with the growth

Hypertension duration, unit=1  1.248 1.094 1.424 0.001 of SP and MSBP. However,

FBG, unit=1 1.026  0.957 1.099 0.478 AvDP and MAP had a sepa-

HDL-C, unit = 1 0566  0.349 0919 0021  ration value (80 mmHg,

LDL-C, unit = 1 1383  1.053 1817  0.020 100 mmHg). With anything

Variable coefficient (SP), unit=1 1.527 1.066

2186 0.021 lower than the separation

Unit = 1 means the according odds ratio when the continuous variable increases one

unit.

al minutes) and long-term (24 hours) data for
BPV, the variation range can be reflected by the
time-domain analysis (standard deviation),
while the coefficient of variability can be reflect-
ed by the frequency-domain analysis. In the
short time, the frequency-domain method when
the blood pressure of an upper arm measured
by cuff method was less than 256 times cannot
be used. Therefore, at present, the short-term
BPV adopted the mean of the standard devia-
tions of blood pressure collected every 30 min-
utes for the entire day, and the long-term BPV
adopted the 24-hour standard deviation of
blood pressure [8]. The BPV consists of SBPV
and DBPV. However, Sander et al. [9] found that
SBP variation was the best predictive index of
carotid artery intima-media thickness (IMT)
development. Higher BPV led to higher occur-
rence rate of ischemic heart disease (IHD) and
increased development of IMT. Each 1 mmHg
increase in BPV was associated with 0.005-
0.012 mm greater IMT per year. The variation of
SBP in the daytime was positively correlated
with the relative risk of early carotid
atherosclerosis.

This study indicates that carotid atherosclero-
sis prevailed among patients with hypertension
prevalence rate of 78% in the group above 60
years old and of 86.3% in the group above 70
years old. This rate was higher than that in
developed western countries [10]. These
results suggest that, based on the age, BPV
can be developed, resulting in atherosclerosis
becoming more serious. The results were con-
sistent with earlier reports [11]. Therefore, the
risk of stroke mainly was increased in China,
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value, the prevalence rate
of carotid artery plaque
would increase, and blood
pressure would decrease.
On the other hand, with anything higher than
the separation value, the prevalence rate of
carotid artery plague was the same, which may
have relationship with the J point of DBP.
Because there was no data suggesting the
importance of ABPM on prevalence rate of
carotid artery plaque, it is important to investi-
gate the clinical significance of ABPM. Some
research indicated that, among the patients
older than 50 years old, higher SBP tended to
increase cardiovascular risk more than higher
DBP [12, 13].

Further analyses suggest that age, hyperten-
sion duration, HDL-C, LDL-C, SP, and MSBP
were the significant factors related to carotid
artery plaque, and the variation of SBP was
especially one of the main predictive indices of
carotid artery plaque. There was an important
interaction between mean blood pressure, the
instability of blood pressure, and BPV [14]. The
baroreceptor should be reset as time went by,
and can cushion the fluctuation of blood pres-
sure. However, it was damaged by age variance
and peripheral arterial disease, which was
mediated by endothelial dysfunction [15].
Vascular events could be predicted by ambula-
tory blood pressure [16]. The guideline suggest-
ed that patients with blood pressure variability
should perform 24-hour ABPM, home blood
pressure monitoring, or both at the same time
to assess blood pressure [17, 18]. Moreover, it
was important to monitor blood pressure to
identify BPV [19].

In our current study, atherosclerosis of the
carotid artery was related to multiple cardio-
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vascular risk factors. Compared with no risk
factors, the prevalence rate of hypertension
duration, FBG, total cholesterol, and LDL
increased atherosclerosis of the carotid artery
with statistical significance. Moreover, 24-hour
ABPM, SP, MSBP, AvDP, and MAP were closely
related to carotid artery plaque. In conclusion,
our current study indicates that carotid athero-
sclerosis was independently associated with
variation of blood pressure, especially with
coefficient of variation of systolic blood pres-
sure. Therefore, by monitoring blood pressure,
carotid artery plague may be effectively pre-
vented, and the prognosis of cardiovascular
disease could be improved.
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