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Abstract
Carotid intima-media thickness (IMT) has been one widely used index of early carotid atherosclerosis. We speculated that the
influence of blood pressure variability (BPV) on early carotid atherosclerosis may be varied by the location of the carotid artery and
diabetes history. Thus, the goal of this study was to evaluate the effects of BPV on early arteriosclerosis progression in different
segments of the carotid artery for hypertension with and without diabetes.
A total of 148 hypertension patients who underwent 24hours ambulatory blood pressure (BP) monitoring and carotid

ultrasonography were enrolled in this study. Of them, 84 subjects were without diabetes, and 64 subjects were with diabetes. Short-
term BPV during daytime, nighttime, and over 24hours were evaluated through standard deviation (SD) and average real variability
(ARV). We measured carotid IMT at left and right common carotid artery (CCA), carotid bulb, and the origin of the internal carotid
artery (ICA). The associations between segment-specificmeasurements of carotid IMT and 24hours ambulatory BPV were analyzed.
We found that IMT at the common carotid artery (CCA-IMT) and IMT at the internal carotid artery (ICA-IMT) were more closely

associated with BPV than was carotid bulb IMT. In addition, for all subjects, BPV was clearly associated with left CCA-IMT but not
with right CCA-IMT. Furthermore, in diabetes patients, nighttime systolic BPVwas independently related tomean CCA-IMT (P<0.01)
andmean bulb IMT (P<0.01). In contrast, in nondiabetes patients, daytime and 24hours systolic BPV was positively associated with
mean CCA-IMT (P<0.05), but not independent after adjusting for baseline characteristics such as age and sex.
The findings of our study indicate a segment-specific association between carotid IMT and 24hours ambulatory BPV, and the

associations also vary according to the diabetes history. We conclude that BPV plays a distinct role in early carotid arteriosclerosis
progression within different segments of the carotid artery, especially for the hypertensions with and without diabetes.

Abbreviations: ARV = average real variability, BP = blood pressure, BPV = blood pressure variability, CCA = common carotid
artery, CCA-IMT = IMT at the common carotid artery, DBP = diastolic blood pressure, DBPV = diastolic blood pressure variability, ICA
= internal carotid artery, ICA-IMT = IMT at the internal carotid artery, IMT = carotid intima-media thickness, PP = pulse pressure, SBP
= systolic blood pressure, SBPV = systolic blood pressure variability, SD = standard deviation.
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1. Introduction at distinct sites of the carotid artery, such as the common carotid

Carotid intima-media thickness (IMT) has been one widely used
index of early carotid atherosclerosis,[1–4] and it can be measured
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artery (CCA), carotid bulb, and the origin of the internal carotid
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ICA can provide important predictive information on cardiovas- take a recording every 30 minutes during the daytime

2.3. Carotid artery ultrasound examination

2.4. Statistical analysis

Wu et al. Medicine (2016) 95:24 Medicine
cular disease.[6]

Most previous studies have investigated the relationship
between 24hours ambulatory blood pressure variability (BPV)
and increased carotid wall thickness to determine the clinic impact
of BPV on target organ damage, early atherosclerosis, or
cardiovascular events.[7–11] However, few studies have focused
on explaining the effects of blood pressure (BP) and BPV on
hemodynamic shear stress of the carotid vessel wall,[12] especially
in the carotid bulb and ICA. On a related topic, several studies
recently reported that the carotid artery in different segments had
specific characteristics and were influenced by different risk
factors.[13–15] Furthermore, the prevalence of arteriosclerosis
plaques has been found to be artery related.[16] Most plaques
develop at the left anterior descending coronary artery and carotid
bulb.[16] In addition, the left and right carotid arteries have been
shown to display different reactions to hemodynamic and
biochemical changes.[17] Therefore, we speculated that blood flow
would have distinct effects on each segment of the carotid artery
wallwhenBPfluctuates because eachartery segment has adifferent
anatomical structure and hemodynamic. However, few studies
have evaluated the relationship between increasedwall thickness in
different locations of the carotid artery and BPV. Clarifying this
relationship should be able tohelp us understand themechanismof
segment-specific atherosclerosis progression, and this new under-
standing could be used in the prevention and treatment of early
carotid atherosclerosis and its complications.
Consideringdiabetes is oneof themost important risk factors for

the atherosclerosis progression and BP fluctuation may have
different effects on the increase of carotid artery wall. Thus, we
clarified the patients into 2 groups according to their diabetes
history. The aim of the present study was to thoroughly evaluate
the effects of BPV on early arteriosclerosis progression in different
segments of the carotid artery and to provide consistent and
complementary information about the relationship between
carotid IMT and 24hours ambulatory BPV in these 2 different
patient groups.
2. Materials and methods

3. Results
2.1. Study design and population

A total of 165 patients recruited from outpatient clinic of the
hospital were enrolled in this study. All these subjects were
participating in the screening of stroke and they were without the
knownhistoryof cerebrovasculardiseaseormyocardial infarction.
The inclusion criteria were that all the subjects were medically
treated for hypertension and underwent 24hours BP monitoring
and carotid ultrasound examination. Information about age, sex,
current smoking, and diabetes history was obtained through
questionnaires. Diabetes patients were defined as those with a
previously physician diagnosed diabetes history. We excluded the
subjects whose valid BP measurements during 24hours were
<90%. Finally, 148 eligible patients were included in this study, of
them, 64 patients were diabetes and 84 patients were nondiabetes.
This study was approved by the ethics committee of the Second
People’sHospital of Shenzhen, Shenzhen,China.Written informed
consent was obtained from all subjects.
2.2. Ambulatory BP measurement
Ambulatory BP was recorded using a commercial device
(Mobil-O-Graph

®

24hours ABP-Control), which was set to
2

(7:00 a.m.–10:59 p.m.) and every 60 minutes at nighttime
(7:00 a.m.–10:59 p.m.). All participants were instructed to
maintain their normal daily activities and to keep their arms
still at each time of cuff inflation. The BPV parameters
researched in this study included daytime systolic BPV (SBPV),
daytime diastolic BPV (DBPV), nighttime SBPV, nighttime
DBPV, 24hours SBPV, and 24hours DBPV. All these
parameters were evaluated using standard deviation (SD) and
average real variability (ARV) indices.
Carotid ultrasonography was performed using a high-resolution
ultrasound Doppler system (iU22, Philips Ultrasound, Bothell,
WA). All patients were requested to lie in a supine position, with
their head turned 45° away from the examined side. Scanning was
carried out on the bilateral CCA, carotid bulb, and ICA at 3
angles (lateral, anterior, and posterior), whereas the IMT
measurements and the number of plaques were recorded. Plaque
was defined as either focal IMT >1.5mm or IMT 50% thicker
than the surrounding area.[18,19] The criteria for measuring IMT
were as follows: (1) IMT at CCA was measured at the far wall of
the blood vessel, 10 to 20mm proximal to dilation of the carotid
bifurcation; (2) the carotid bulb was measured at the carotid
bifurcation; and (3) the IMT at ICAwasmeasured over a distance
of 10 to 20mm from the bifurcation. Specifically, all these IMT
values were measured at plaque-free segments of the blood vessel.
If a plaque appeared at the measurement point, then an
appropriate adjacent portion was chosen. The IMT value at
each position was defined as the average of IMTs measured from
3 angles. Furthermore, the mean left and right IMT of each
segment was also calculated.
Continuous variables with a normal distribution were expressed
as the mean±SD, and variables with a frequency distribution
were presented as a percentage. Student’s t test and nonparamet-
ric Mann–Whitney U test for independent samples were used to
test the difference in means between the 2 groups. The 2-tailed
Pearson’s test was used to examine the correlation between IMT
and the number of plaques, as well as the associations between
carotid IMT and BPV. Finally, multiple linear regression analyses
were carried out to determine the relative influence of BPV
variables on increased carotid IMT. Segment-specific carotid
IMT were considered as the dependent factors. The linear
regression models were adjusted for baseline characteristics,
which including age, sex, smoking, and heart disease. All
statistical analyses were performed using the IBM SPSS 13.0
software package (SPSS Inc., Chicago IL). P value<0.05 was
considered statistically significant in all the analyses mentioned
above.
3.1. Characteristics of the subjects

A total of 84 diabetes patients and 64 nondiabetes patients were
included in this study. Table 1 describes their baseline character-
istics, which included information on demographics, left and
right IMTs at CCA, carotid bulb, ICA, BPV variables, and mean
BP level. The table also presents statistical differences between the



diabetes group and the nondiabetes group. The data showed 3.3. Bivariate analysis of BPV and IMT

Table 1

Baseline characteristics of all subjects.

Characteristics (unit) All subjects (N=148) Nondiabetes (n=84) Diabetes (n=64) P

Age (year) 57.72±13.03 56.13±12.55 63.29±13.44 0.017
∗

Male sex (%) 59.3 57.1% 66.7 0.407
Smoking (%) 25 23.8 29.2 0.597
Heart diseases (%) 15.7 13.1 25 0.161
Presence of plaque (%) 49.1 50.0 45.8 0.722
Left CCA-IMT (mm) 0.97±0.25 0.94±0.24 1.07±0.26 0.043

∗

Right CCA-IMT (mm) 0.98±0.25 0.96±0.25 1.03±0.24 0.198
Left bulb IMT (mm) 0.80±0.29 0.79±0.29 0.84±0.27 0.467
Right bulb IMT (mm) 0.82±0.28 0.82±0.27 0.81±0.32 0.891
Left ICA-IMT (mm) 0.58±0.15 0.58±0.16 0.58±0.08 0.937
Right ICA-IMT (mm) 0.59±0.14 0.59±0.14 0.58±0.12 0.940
Daytime SBPV (SD) (mm Hg) 11.77±3.76 11.49±3.71 12.79±3.81 0.134
Daytime DBPV (SD) (mm Hg) 9.49±3.23 9.29±3.16 10.20±3.47 0.223
Nighttime SBPV (SD) (mm Hg) 9.80±3.92 9.58±3.68 10.58±4.66 0.271
Nighttime DBPV (SD) (mm Hg) 8.27±2.58 8.19±2.59 8.55±2.59 0.554
24h SBPV (SD) (mm Hg) 11.98±3.35 11.72±3.17 12.89±3.85 0.131
24h DBPV (SD) (mm Hg) 9.51±2.36 9.28±2.07 10.31±3.09 0.059
Daytime SBPV (ARV) (mm Hg) 9.52±3.27 9.19±2.95 10.69±4.08 0.046

∗

Daytime DBPV (ARV) (mm Hg) 8.24±2.45 8.10±2.29 8.76±2.96 0.245
Nighttime SBPV (ARV) (mm Hg) 10.24±4.42 10.17±4.51 10.48±4.19 0.762
Nighttime DBPV (ARV) (mm Hg) 9.04±2.86 8.91±2.89 9.52±2.72 0.351
24h SBPV (ARV) (mm Hg) 9.54±2.94 9.27±2.76 10.51±3.37 0.068
24h DBPV (ARV) (mm Hg) 8.28±2.13 8.13±2.00 8.84±2.51 0.148
24h mean SBP (mm Hg) 125.0±15.8 123.8±15.9 129.0±15.2 0.158
24h mean DBP (mm Hg) 80.7±12.2 80.7±13.1 80.7±8.6 0.990
24h mean PP (mm Hg) 44.3±9.8 43.1±8.5 48.4±12.8 0.020

∗

Daytime mean SBP (mm Hg) 125.7±16.2 124.6±16.4 129.6±15.1 0.181
Daytime mean DBP (mm Hg) 83.1±14.6 83.4±15.9 81.7±8.9 0.604
Daytime mean PP (mm Hg) 42.6±12.4 41.1±11.9 47.9±12.7 0.017

∗

Nighttime mean SBP (mm Hg) 121.3±18.0 119.6±17.8 126.8±17.8 0.092
Nighttime mean DBP (mm Hg) 76.8±12.9 76.9±13.7 76.8±9.8 0.983
Nighttime mean PP (mm Hg) 44.4±11.2 42.8±9.7 50.1±13.9 0.004†

ARV=average real variability, CCA=common carotid artery, DBPV=diastolic blood pressure variability, ICA= internal carotid artery, IMT= intima-media thickness, PP=pulse pressure, SBPV=systolic blood
pressure variability, SD=standard deviation.
∗
P<0.05.

† P<0.01.

Figure 1. Correlation between IMT at 3 separate carotid artery segments and
total number of carotid plaques. IMT= intima-media thickness.
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that the diabetes patients were significantly older than
the nondiabetes patients, and they had thicker CCA-IMT on
the left side. Furthermore, diabetes patients had higher
daytime SBPV (ARV index). Additionally, this table also shows
that PP during daytime, nighttime, and 24hours significantly
differed between the 2 groups. Besides these variables, the
2 subgroups did not differ significantly in terms of other
characteristics.

3.2. Segment-specific prognostic significance

To examine the segment-specific prognostic significance of
carotid IMT, we first estimated the association between IMTs
and the number of plaques for all subjects. Figure 1 shows that all
IMTs at the CCA, carotid bulb, and ICA strongly correlated with
the number of plaques (r=0.592, r=0.670, r=0.527; P<0.001
for all). Among IMTs, IMT at the carotid bulb had the highest
correlation coefficient (r=0.670; P<0.001). Figure 2 depicts the
proportion of subjects with plaque according to quartiles of IMT
measurements at individual sites. For all artery segments, the
percentage of plaque formation increased from the lowest to
the highest quartiles of IMT at each carotid artery segment.
Moreover, an obvious increasing linear trend was observed
for both CCA-IMT and bulb IMT that paralleled plaque
prevalence.
3

In our previous study, we found that the correlation between
carotid IMT and ambulatory BPV differed in patients with and
without diabetes.[20] Thus, for the present study, we divided
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patients into 2 subgroups according to their diabetes status and

Furthermore, we excluded the subjects with plaque to examine

Figure 2. The proportion of subjects with plaque according to quartiles of IMT
at CCA, carotid bulb and ICA. CCA=common carotid artery, ICA= internal
carotid artery, IMT= intima-media thickness.

Figure 3. The correlation between BPV and mean IMT at 3 separate carotid
artery segments in subjects without plaque. BPV=blood pressure variability,
CCA=common carotid artery, DBPV=diastolic blood pressure variability,
ICA= internal carotid artery, IMT= intima-media thickness, SBPV=systolic
blood pressure variability.
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analyzed carotid artery segment-specific associations with BPV.
Tables 2 and 3 show the correlations between carotid IMT and
BPV variables for nondiabetes and diabetes patients, respectively.
The significant correlation coefficients were marked in bold
letters. For both groups, BPV variables were associated with left
CCA-IMT but not right CCA-IMT. For nondiabetes patients, left
CCA-IMT was associated with both daytime SBPV evaluated
using the SD and ARV indices (r=0.228, P=0.037; r=0.260,
P=0.017) and 24hours SBPV evaluated using the ARV (r=
0.223, P=0.041). For patients with diabetes, only nighttime
SBPV estimated using the ARV index was associated with left
CCA-IMT (r=0.581, P=0.003). In the carotid bulb IMT
analysis, BPV correlated less with bulb IMT than with CCA-
IMT. Only nighttime BPV using the ARV index was associated
with bulb IMT in patients with diabetes (r=0.463, P=0.023 for
nighttime DBPV and left bulb IMT; r=0.574, P=0.003 for
nighttime SBPV and right bulb IMT). However, for the
nondiabetes group, no BPV variables correlated with IMT in
this segment of carotid artery. Similar to the analysis of CCA-
IMT analysis, in the correlation analysis of ICA-IMT and BPV,
differences in left and right artery segments were found. None of
the BPV variables were associated with left ICA-IMT in the
nondiabetes group. In contrast, daytime SBPV and 24hours
SBPV evaluated with the ARV and 24hours SBPV evaluated with
SD significantly correlated with right ICA-IMT (r=0.232; r=
0.219; r=0.232; P<0.05 for all). However, for the diabetes
group, all these associations pertained to the left side and showed
negative correlation. Daytime SBPV and DBPV analyzed using
ARV indices (r=�0.410, P=0.047; r=�0.535, P=0.007), both
with daytime and 24hours DBPV analyzed with the SD index
(r=�0.469, P=0.021; r=�0.510, P=0.011) were negatively
associated with left ICA-IMT, which was a different result from
those for CCA and carotid bulb IMTs.
Besides BPV variables, we also examined the correlation

between the mean BP level and segment-specific carotid IMT. We
only found that 24hours mean DBP and daytime mean DBP were
negatively correlated with mean ICA-IMT in the diabetes group
(r=�0.518, P=0.009; r=�0.540, P=0.006, respectively).
Besides these, no mean BP level were associated with carotid
IMT.
4

the relationship between BPV variables and initial thickening of
the arterial wall. The significant results of nondiabetes are shown
in Fig. 3. For nondiabetics, 24hours and daytime SBPV/DBPV
were correlated with the carotid IMT in 3 segments. However, for
diabetics, only nighttime SBPV was related to the carotid CCA-
IMT (r=0.840, P<0.001) and the correlation coefficients were
higher than that in the above analysis.

3.4. Multiple regression analysis

Multiple regression analysis was performed using stepwise
selection to estimate the associations between carotid IMT and
BPV. Mean CCA-IMT, carotid bulb IMT, and ICA-IMT were
dependent factors for both diabetes and nondiabetes patients.
The BPV variables significantly correlated with each segment of
carotid IMT in Tables 2 and 3 were considered independent
factors for the corresponding model. As only mean ICA-IMTwas
correlated with mean BP, 24hours mean DBP and daytime mean
DBPwere added into model 6 as the independent factors. Besides,
all the statistical models were adjusted for age, sex, current
smoking, and heart disease. Table 4 shows the results of the
multiple regression analysis. Models 1 to 3 show the multiple
regression analysis results for nondiabetes patients. Models 4 to 6
describe the regression analysis functions pertaining to patient
with diabetes. These results showed the segment-specific
associations between carotid IMT and BPV. For nondiabetes
patients, the results in model 1 showed that age and smoking
correlated in a linear fashion with mean CCA-IMT (P<0.001 for
both). In model 2, mean carotid bulb IMT was the dependent
factor, and only age remained in the model (P=0.003). However,
in model 3, age (P=0.001) and sex (P=0.002) were the factors
correlated with increased mean ICA-IMT.
The results for diabetes patients differed entirely. Models 4 and

5 had similar results in which, instead of age and sex, nighttime
SBPV using the ARV index (P=0.007 for model 4, P=0.006 for
model 5) and heart disease (P=0.006 for model 4, P=0.037 for
model 5) were significantly associated with mean CCA-IMT and
carotid bulb IMT. In model 6, age was also not found to be an
independent factor in the model. However, smoking (P=0.001)
and 24hours mean DBP (P<0.001) and daytime SBPV (ARV)
(P=0.012) were the factors in this model which evaluated the
increased mean ICA-IMT. Among these models, all the linear
models pertaining to patients with diabetes had better linear
fitting than did the models for nondiabetes patients.



4. Discussion prevalence, the underlying mechanisms of BPV for increasing

Table 2

Correlation between different carotid IMTs and BPV for patients without diabetes.

Non-diabetes (n=84)

CCA-IMT Carotid bulb IMT ICA-IMT

BPV variables Left (r) Right (r) Left (r) Right (r) Left (r) Right (r)

Daytime SBPV (SD) 0.228
∗

0.034 0.070 0.042 �0.012 0.159
Daytime DBPV (SD) 0.046 �0.029 �0.024 �0.057 �0.073 0.004
Nighttime SBPV (SD) 0.010 �0.012 0.033 �0.068 0.048 0.103
Nighttime DBPV (SD) 0.034 0.099 0.007 �0.016 0.056 0.157
24 h SBPV (SD) 0.211 0.089 0.101 0.070 0.056 0.232

∗

24 h DBPV (SD) 0.089 0.051 0.100 �0.040 �0.044 0.186
Daytime SBPV (ARV) 0.260

∗
0.164 0.190 0.107 0.124 0.232

∗

Daytime DBPV (ARV) 0.210 0.058 0.105 �0.004 0.052 0.175
Nighttime SBPV (ARV) �0.045 �0.013 0.047 �0.108 0.103 0.065
Nighttime DBPV (ARV) 0.047 0.155 0.100 0.083 0.085 0.151
24 h SBPV (ARV) 0.223

∗
0.094 0.162 0.054 0.145 0.219

∗

24 h DBPV (ARV) 0.177 0.085 0.125 0.011 0.059 0.212

ARV=average real variability, BPV=blood pressure variability, CCA=common carotid artery, DBPV=diastolic blood pressure variability, ICA= internal carotid artery, IMT= intima-media thickness, SBPV=
systolic blood pressure variability, SD=standard deviation.
∗
P<0.05.
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Our study provided fresh insight into the influence of 24hours
ambulatory BPV on early carotid atherosclerosis in hypertension
with and without diabetes. Early carotid atherosclerosis was
evaluated using different segments of carotid IMT measurements
in the asymptomatic individuals. It contributed 3 major findings.
First, ambulatory BPV variables were closely associated with
segment-specific measures of carotid IMT, which were revealed
not only in different sites of the carotid artery, but also in the
bilateral carotid artery. Second, the associations uncovered
varied in patients with and without diabetes. In patients with
diabetes, nighttime SBPV was an independent risk factor related
to CCA-IMT and carotid bulb IMT. In nondiabetes patients,
daytime and 24hours SBPV was positively associated with CCA-
IMT and ICA-IMT. However, they could not explain the
progression of carotid IMT after adjusting for baseline character-
istics. Third, although different segments of the carotid artery had
similar prognostic significance for early arteriosclerosis or plaque
Table 3

Correlation between different carotid IMTs and BPV for patients with

CCA-IMT

BPV variables Left (r) Right (r)

Daytime SBPV (SD) 0.129 0.131
Daytime DBPV (SD) 0.011 0.048
Nighttime SBPV (SD) 0.304 0.286
Nighttime DBPV (SD) �0.058 �0.080
24h SBPV (SD) 0.184 0.181
24h DBPV (SD) 0.010 �0.003
Daytime SBPV (ARV) 0.160 �0.059
Daytime DBPV (ARV) 0.081 �0.059
Nighttime SBPV (ARV) 0.581† 0.386
Nighttime DBPV (ARV) �0.006 0.069
24h SBPV (ARV) 0.310 0.045
24h DBPV (ARV) 0.077 �0.023

ARV=average real variability, BPV=blood pressure variability, CCA=common carotid artery, DBPV=dia
systolic blood pressure variability, SD=standard deviation.
∗
P<0.05.

† P<0.01.

5

vessel wall thickness may have been different.
Several studies have investigated the associations between

carotid IMT and traditional risk factors, such as age, sex, body
mass index, and BP.[13,21] Nguyen et al have reported the
association between progression of segment-specific carotid IMT
and traditional risk factors such as age, race, glucose, cholesterol,
and BP level.[22] However, the influence of BPV on different
carotid artery locations has been scantly studied. Thus, our
present study explored the associations between BPV and
segment-specific measurements of carotid IMT. We found that
CCA-IMT and ICA-IMT had stronger associations with BPV
than did carotid bulb IMT. In addition, in all subjects, BPV was
clearly associated with left CCA-IMT but not right CCA-IMT.
These results support our hypothesis that BPV has distinct effects
on different sites of carotid IMT andmay lead to segment-specific
early atherosclerosis progression. Possible explanations for these
results are listed as follows.
diabetes.

Diabetes (n=64)

Carotid bulb IMT ICA-IMT

Left (r) Right (r) Left (r) Right (r)

0.213 �0.065 �0.336 �0.177
0.135 0.181 �0.510

∗
0.000

0.339 0.346 �0.073 0.174
0.174 �0.190 0.004 �0.149
0.280 0.071 �0.166 �0.090
0.127 0.145 �0.469

∗ �0.045
0.177 �0.236 �0.410

∗ �0.141
0.082 0.071 �0.535† 0.172
0.304 0.574† 0.240 0.354
0.463

∗
0.002 0.317 �0.070

0.193 �0.063 �0.316 �0.055
0.211 0.043 �0.358 0.131

stolic blood pressure variability, ICA= internal carotid artery, IMT= intima-media thickness, SBPV=

http://www.medicine.com


First, the CCA is an elastic artery, the carotid bulb is situated in results may have arisen from differences in patient population

Table 4

Adjusted multiple regression analyses of factors associated with segment-specific measurements of carotid IMT.

Factors b Lower 95% interval Upper 95% interval P R 2

Model 1: Dependent factor: Mean CCA-IMT (non-diabetes)
∗

Constant 0.534 0.343 0.724 <0.001
Age 0.007 0.003 0.010 <0.001 0.122
Smoking 0.187 0.092 0.283 <0.001

Model 2: Dependent factor: Mean carotid bulb IMT (non-diabetes)
∗

Constant 0.433 0.187 0.680 0.001
Age 0.007 0.002 0.011 0.003 0.105

Model 3: Dependent factor: Mean ICA-IMT (non-diabetes)
∗

Constant 0.340 0.221 0.459 <0.001
Age 0.004 0.002 0.005 0.001 0.205
Sex 0.078 0.029 0.128 0.002

Model 4: Dependent factor: Mean CCA-IMT (diabetes)
∗

Constant 0.725 0.529 0.921 <0.001
Nighttime SBPV (ARV) 0.025 0.008 0.043 0.007 0.503
Heart disease 0.244 0.078 0.410 0.006

Model 5: Dependent factor: Mean carotid bulb IMT (diabetes)
∗

Constant 0.477 0.262 0.692 <0.001
Nighttime SBPV (ARV) 0.029 0.009 0.048 0.006 0.444
Heart disease 0.195 0.013 0.378 0.037

Model 6: Dependent factor: Mean ICA-IMT (diabetes)†

Constant 1.068 0.854 1.282 <0.001
Smoking 0.100 0.048 0.151 0.001 0.623
24 h mean DBP �0.005 �0.008 �0.003 <0.001
Daytime SBPV (ARV) �0.008 �0.013 �0.002 0.012

ARV=average real variability, CCA=common carotid artery, DBP=diastolic blood pressure, DBPV=diastolic blood pressure variability, ICA= internal carotid artery, IMT= intima-media thickness, SBPV=systolic
blood pressure variability.
∗
Adjusted for age, sex, smoking, and heart disease.

† Adjusted for age, sex, smoking, heart disease, 24h mean DBP, and daytime mean DBP.
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a transitional zone between elastic and muscular artery types,[23]

and the ICA is a muscular artery.[24] Therefore, the mechanisms
through which foam-cell lesions form are different at these
carotid sites,[24] thereby contributing to differences in atheroscle-
rosis expression. Second, the left CCA stems directly from the
aortic arch and is affected by aortic arch pressure. The right CCA
stems from the innominate artery, which is an extension of the
ascending aorta, and is subject to significant pressure from
ascending aortic blood flow.[17] Thus, segment-specific associa-
tions might account for these hemodynamic and anatomical
differences. Luo et al[17] also proposed this hypothesis and found
that left carotid IMT was associated mainly with blood
biochemical indices, whereas right carotid IMT correlated
mainly with hemodynamic parameters. Another study found
that CCA-IMT, carotid bulb IMT, and ICA-IMT showed
segment-specific associations with cardiovascular risk factors
in young white and black men and women. Fasting glucose and
diastolic BP had higher correlations with CCA than for other
segments.[13] These studies support our view on segment-specific
associations. Thus, we conclude that BPV plays a distinct role in
arteriosclerosis progression within the different segments of the
carotid artery.
Many studies have investigated the relationship between BPV

and carotid IMT but reported inconsistent results. Several studies
found that daytime or/and 24hours SBPV was positively
associated with increased carotid IMT, early atherosclerosis, or
organ damage.[25–29] Other studies suggested that only nighttime
variability in SBP, but not daytime variability in SBP,was related to
carotid atherosclerosis or cardiovascular outcomes.[30,31] A recent
study reported that time rate of BP variation but not ambulatory
BPV was correlated with carotid IMT.[32] These controversial
selection, BPV index, sample size, study endpoints, and other
factors. In our previous study,[20] we found that, for the
nondiabetes patients, SBP fluctuations during daytime and during
a 24hours period were significantly associated with increased
CCA-IMT. In the present study, we divided patients into 2
subgroups: nondiabetes and diabetes. We found that for diabetes
patients, nighttime SBPV was strongly associated with CCA-IMT
andcarotidbulb IMTandwas independently correlatedwithmean
CCA-IMTandbulb IMTafter adjusting for age, sex, smoking, and
heart disease. In contrast, for hypertension patients without
diabetes, daytime and 24hours SBPV had a positive significant
correlationwithCCA-IMTand ICA-IMT.However, theywerenot
remained in the adjusted regression models. Not only was BPV
associated with increased IMT, but nighttime BPV and daytime
BPV had distinct associations with IMT according to patient
population. This finding is in line with the study of Eguchi et al,[33]

who found that instead of diurnal BP variation, nighttime SBPV
was a strong independent predictor of cardiovascular events in
patients with type 2 diabetes. However, the relationship between
IMTand BPV in patientswithout diabetes has not been extensively
examined. We can only speculate that BPV has different
mechanisms of action on artery alteration in individuals with
and without diabetes. Moreover, these results indicate that for
nondiabetes patients, nighttime SBPV can be as significant a
predictor for increased carotid IMT.All thesefindingswill enhance
our understanding of the progression of arteriosclerosis in these 2
groups, and they promise to provide a fresh perspective on
prevention and treatment of early carotid atherosclerosis and its
complications.
Our study also provided evidence that different segments of the

carotid artery have similar prognostic significance for arterio-



sclerosis or the prevalence of plaque. This evidence corroborates we could not infer the cause-and-effect relationship between BPV

5. Conclusions
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the conclusions of Damiano et al.[6] In addition, we found
that carotid bulb IMT and CCA-IMT were associated more
closely with the number of plaques than was ICA-IMT.
The results implied how atherosclerosis manifests within
different arteries. Dalager et al established that, owing to its
structure, the carotid bifurcation could easily develop foam-cell
lesions and lipid core plaques from an early stage. Furthermore,
this study clarified that the carotid bulb is a common site
of plaque development.[16] Accordingly, the wall thickness at
this site is greater when more plaques form. This observation
could explain our result that carotid bulb IMT correlated
more closely with the number of plaques. In a related finding,
Bots et al found that CCA-IMT could predict atherosclerosis
formation elsewhere in the carotid artery, such as at the
bifurcation and the near and far walls of the distal CCA.[34]

Their findings agree with our results about the linear correlation
between increased CCA-IMT and the percentage of plaque
prevalence. Thus, we conclude that CCA-IMT and bulb IMT
have higher prognostic significance for plaque prevalence thando
IMTs measured at ICA.
Several other findings of our study deserve to be briefly

discussed. First, the results from Tables 2 and 3 showed that the
ARV index had higher correlation coefficient with carotid IMT,
especially in the patients without plaque. Thus, we concluded that
the ARV index had better prognostic significance for evaluating
the increased carotid IMT. This finding is consistent with the
conclusion of Mena et al,[35] who reported that the ARV index
showed better prognostic significance for organ damage and
cardiovascular risk than did the SD index. Hansen et al also
indicated that although both daytime BPV (using the SD index)
and 24hours BPV (using the ARV index) were useful measures,
BPV estimated using the SD index over 24hours was not.[36]

Thus, the ARV index is a more reliable measurement for BPV.
Second, we discussed whether BPVwas an independent factor for
predicting increased carotid IMT at different sites, an idea that
had proven controversial based on the results of previous
studies.[7,37,38] In our multiple regression analysis, we adjusted
for age, sex, smoking, and heart disease, and found that various
risk factors influenced segment-specific carotid IMT. For non-
diabetes patients, age was a factor in all the regression models.
However, for diabetes patients, heart disease and smoking were
risk factors for increased carotid artery wall thickness. The mean
BP level did not contribute for the progression of the carotid
artery wall, except for the ICA-IMT. The increased ICA-IMT can
be explained both by 24hours mean DBP and daytime SBPV.
Third, mean daytime DBP and daytime SBPV showed a strong
negative correlation with mean ICA-IMT, and this association
persisted even after adjusting for baseline characteristics. Lastly,
we examined the relations between BPV and carotid IMT in
patients without plaque. In Sander’s study published in
Circulation,[25] they investigated the relationship between
circadian BP pattern and progression of early carotid. It is a
follow-up study, and all the patients were >55 years old. In their
research, early atherosclerosis was defined as an age-adjusted
IMT>1.5mm. In our study, IMT>1.5mm indicated the presence
of plaque, which is the early sighs of the atherosclerosis.
However, in our results shown in Fig. 3, BPV is highly correlated
with the increased carotid IMT before the plaque formation.
Maybe it will provide a possible pattern to predict the carotid
atherosclerosis in the early stage.
Finally, some limitations of our study should be acknowledged.

First, this was a cross-sectional descriptive design, and therefore
and increased IMT or plaque formation. Second, we measured
nighttime BP once per hour, so this frequency of reading provided
limit BP data for computing BPV. Third, the number of subjects in
our study was limited, especially for patients with diabetes. We
referred to several small sample studies and similar studies,[39–41]

the conclusion is reasonable although the limited data. However,
further study with a large-scale patient population is still needed
to verify our results.
The present study provided initial data about the relationship
between ambulatory BPV and different carotid segment IMTs in
hypertension with and without diabetes. Its findings indicate that
for all subjects, the association between bilateral carotid IMT and
ambulatory BPV had clear differences that appeared not only in
different carotid artery segments, but also in the left and right
carotid artery. We speculate that these phenomena resulted from
different anatomical structures and hemodynamic. However,
scant evidence is available to verify this hypothesis. Thus, a
further study is needed to explore the effects of BPV on
arteriosclerosis progression.
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