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Objective: We examined the relationship of several cardiovascular risk factors (CVRF) to brachial artery
flow-mediated dilatation (FMD) in Chinese subjects.

Methods: This was a cross-sectional study. In 2,511 Chinese adults (age 46.86+9.52 years, 1,891 men
and 620 women) recruited from people who underwent health screening at The Third Xiangya Hospital,
patients’” CVRF [age, body mass index (BMI), waist circumference (WC), blood pressure (BP), cholesterol
parameters, creatinine (Cr), uric acid (UA), glucose level and smoking] and prevalence of present disease
(hypertension, diabetes mellitus, coronary heart disease and hyperlipidemia) were investigated.

Results: Multivariate analysis revealed that FMD negative correlated with age (B=—0.29, P<0.001), gender
(B=-0.12, P<0.001), BMI (B=—0.12, P=0.001), WC (=—0.10, P=0.011), systolic BP (SBP) (B=—0.12, P<0.001),
fasting glucose (B=-0.04, P=0.009), total cholesterol (T'C) (B=—0.04, P=0.014), smoking (B=—0.05, P=0.003),
and baseline brachial artery diameter (=-0.35, P<0.001). FMD decreased with increasing age in both
genders. In women, FMD was higher than men and age-related decline in FMD was steepest after age 40;
FMD was similar in men above 55 years old.

Conclusions: In Chinese subjects, FMD may be a usefully marker of CVRE. Age, gender, BMI, WC, SBP,
fasting glucose, TC, smoking, and baseline brachial artery diameter were independent variables related to

the impairment of FMD. The influence of CVRF on endothelial function is more in women than men.
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Introduction

Vascular endothelial dysfunction is an early change during
atherosclerosis, an initial step in the development of
arteriosclerosis, and also an important sign of arteriosclerosis
(1,2). In addition, the vascular endothelial dysfunction is
also an independent predictor of cardiovascular events and
all-cause mortality (3,4). In clinical practice, brachial artery
flow-mediated dilatation (FMD) is used to reflect endothelial
function, which can be evaluated by a noninvasive ultrasound
technique (5). Compared with the ultrasound machine,
this new device enables the automatic and rapid tracking of
FMD over time in a reliable and repeatable way, avoiding the
inaccuracy due to manual positioning.

© Pioneer Bioscience Publishing Company. All rights reserved.

The cardiovascular risk factors (CVRF) refer to the
factors that may increase the occurrence and progression
of cardiovascular diseases (CVD). Previous studies have
demonstrated that FMD is associated with CVREF including
smoking, body mass index (BMI), age, blood pressure (BP),
blood glucose, and blood lipids. However, the conclusions
remain controversial. Some investigators believed that
such correlations were not statistically significant or even
did not exit (6,7), while others argued that FMD was only
associated with one or few of these risk factors (8,9). Such
diversities may be explained by the differences in subjects,
methodologies, sample sizes, measurement methods of
FMD, and inclusion of vascular baseline diameters in
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multivariate analyses. In addition, racial differences have
been found in FMD (10). While FMD has been found
to be different between Asian populations and European
populations, all the previous studies were conducted among
European or Japanese population. Data from Chinese
populations are still rare. Therefore, this study was designed
to explore the potential correlations between FMD and
CVRF and summarize their features.

Subjects and method
Study population

We retrospectively analyzed the clinical data of 2,511 participants
who had undergone a health examination at The Third
Xiangya Hospital of Central South University from March
1, 2013 to March 31, 2014. All participants received a general
health questionnaire survey, anthropometric measurement,
and routine blood sample tests. The questionnaire covered
demographic background and medical history. Anthropometric
measurements included height, weight, waist circumference
(WC) and BP; both height and weight were measured with
light clothing without shoes. BMI was calculated as body
weight (kg) divided by the square of body height (m). BP was
measured on the right upper arm in the sitting position after a
10-15-minute rest between 7 and 9 AM using a validated digital
automatic BP monitor. Informed consent was obtained from all
of the participants prior to entering the study. The study was
conducted with the adherence to the Declaration of Helsinki
and with the approval of the Ethics Guidelines Committee of
the Central South University.

Measurements of laboratory

Blood samples were drawn after overnight fasting (>8 hours)
for laboratory tests. All lab tests were conducted by certified
experimental specialists using standard protocols at the
hospital’s Department of Laboratory. The biochemical tests
included assessments of fasting glucose, total cholesterol
(TC), triglycerides (T'G), low-density lipoprotein
cholesterol (LDL-C), and high-density lipoprotein
cholesterol (HDL-C), creatinine (Cr) and uric acid (UA).

Measurements of FMD

We measured FMD according to the international
guidelines (11) using a vascular ultrasound system equipped
with an edge-tracking system for 2D imaging and pulsed
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Doppler flow velocimeter for automatic measurement
(UNEXEF18G; UNEX Co. Ltd., Nagoya, Japan).
Participants were measured between 8 and 12 AM by
trained and experienced ultrasound doctors. In brief, the
diameter of the brachial artery at rest was measured in the
cubital region, and subsequently, the cuff was inflated to
50 mmHg above systolic BP (SBP) for 5 min and deflated.
The diameter at the same point of the artery was monitored
continuously, and the maximum dilatation from 45-60 s after
deflation was recorded. This method has been validated
previously (12).

FMD was calculated from the following equation: FMD
(%) = (maximum diameter diameter at rest) x100/diameter
at rest.

CVRF and CVD definition

Hyperlipidemia was defined in accordance with the criteria
set forth in the guidelines for dyslipidemia control in
Chinese adults (2007 edition) (13). Total blood lipid level
was defined as hyperlipidemia if TC, TG, or LDL-C
were high (TC >26.22 mmol/L, TG >2.26 mmol/L,
LDL-C >4.14 mmol/L).

Smoking status was defined as non-smoker, occasional
smoker or regular smoker. The term non-smoker included
patients who quit smoking >1 month before admission. The
term occasional smoker included patients who smoking >4
times a week but less than one cigarette Average per day.
The term regular smoker included patients who smoking >1
cigarette per day and last over 6 months.

Hypertension was diagnosed previously or newly, based
on the 2010 Chinese guidelines for the management of
hypertension (14).

Coronary artery disease. We included in the study
patients with a history of acute coronary syndrome and/
or confirmed by coronary angiography atherosclerosis of
coronary vessels.

Diabetes mellitus. Patients with diabetes mellitus
previously or newly diagnosed during hospitalization were
taken into consideration.

Statistical analysis

Continuous variables were presented as mean * standard
deviation (SD). Categorical variables were compared by
means of ¥ test. Clinical and characteristics between sexes
of the study population were compared with the #-test.
Two-sided P<0.05 was considered statistically significant.
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Table 1 Demographics and clinical characteristics of the subjects (mean + SD)
Variables Total (n=2,511) Male (n=1,891) Female (n=620) P value
Age (year) 46.86+9.52 46.43+8.98 48.15+10.91 <0.001
BMI (kg/m®) 25.16+3.18 25.75+2.97 23.33+3.13 <0.001
WC (cm) 85.95+9.29 88.60+8.02 77.88+8.19 <0.001
SBP (mmHg) 125.83+16.60 126.67+15.24 123.26+19.98 <0.001
DBP (mmHg) 80.15+11.77 81.50+11.53 76.02+11.54 <0.001
Fasting glucose (mmol/L) 5.40+1.48 5.48+1.57 5.18+1.13 <0.001
TC (mmol/L) 5.08+0.99 5.07+0.98 5.11+1.05 0.456
TG (mmol/L) 2.07+1.76 2.31+1.91 1.34+0.80 <0.001
LDL-C (mmol/L) 2.70+0.87 2.68+0.86 2.76+0.92 0.08
HDL-C (mmol/L) 1.47+0.37 1.37+0.32 1.75+0.38 <0.001
Cr (umol/L) 72.83+15.93 78.33+13.13 56.07+11.35 <0.001
UA (umol/L) 324.71+89.24 353.58+76.97 236.68+62.45 <0.001
Hypertension, n (%) 554 (22.06) 413 (21.84) 141 (22.74) 0.638
Diabtes mellitus, n (%) 231 (9.20) 189 (9.99) 42 (6.77) 0.016
Hyperlipidaemia, n (%) 872 (34.72) 746 (39.45) 126 (20.32) <0.001
CVD, n (%) 58 (2.31) 40 (2.11) 18 (2.90) 0.257
Smoking, n (%)

Non-smoker 1,514 (60.29) 908 (48.02) 606 (97.74) <0.001

Occasional smoker 221 (8.80) 212 (11.21) 9(1.45) <0.001

Regular smoker 776 (30.90) 771 (40.77) 5 (0.80) <0.001
FMD (%) 6.80+2.49 6.65+2.43 7.23+2.860 <0.001
Baseline brachial artery diameter, mm 4.12+0.62 4.33+0.52 3.52+0.49 <0.001

Note: SD, standard deviation; BMI, body mass index; WC, waist circumference; BP, blood pressure; SBP, systolic blood pressure;
DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-
density lipoprotein cholesterol; Cr, creatinine; UA, uric acid; CVD, cardiovascular disease; FMD, flow-mediated dilatation. P<0.05

is considered statistically significant.

One-way analysis of variance (ANOVA) followed by a post-
hoc Student-Newman-Keul’s test was used to determine
the differences among multiple groups. Relations between
variables were determined by Spearman correlation
coefficient analysis. Multivariate regression analyses were
performed to identify factors associated with FMD in
risk factors and laboratory data. All data analyses were
performed using SPSS statistical software, version 20.0

(SPSS Inc., Chicago, IL, USA).

Results
Baseline data

Table 1 summarizes the baseline data of the subjects.

© Pioneer Bioscience Publishing Company. All rights reserved.

A total of 2,511 subjects [1,891 men (75.31%) and
620 women (24.69%)] aged 20-86 years (mean:
46.86+9.52 years) were enrolled in this study. Among
them there were 554 hypertensive patients (22.06%), 231
diabetic patients (9.2%), 872 patients with hyperlipidemia
(34.72%), 58 patients with coronary heart disease (2.31%),
221 occasional smokers (8.8%), and 776 frequent smokers
(30.9%). Except for TC and LDL-C, the other indicators
showed significant differences between men and women.
The average FMD value was 6.80%+2.49%. Women had
significantly higher FMD value than men (7.23%=2.860%
vs. 6.65%+x2.43%, P<0.001). Meanwhile, the baseline
vascular diameter was significantly smaller in women than
in men (3.52+0.49 vs. 4.33+0.52 mm, P<0.001).
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Table 2 Univariate correlations between FMD and clinical characteristics in the overall population and in different gender

All population (n=2,511)

Male (n=1,891) Female (n=620)

Variables
r P value r P value r P value

Age (year) -0.413 <0.001 -0.361 <0.001 -0.584 <0.001
BMI (kg/m?) -0.164 <0.001 -0.093 <0.001 -0.304 <0.001
WC (cm) -0.184 <0.001 -0.108 <0.001 -0.376 <0.001
SBP (mmHg) -0.303 <0.001 -0.221 <0.001 -0.462 <0.001
DBP (mmHg) -0.223 <0.001 -0.171 <0.001 -0.320 <0.001
Fasting glucose
(mmol/L) -0.189 <0.001 -0.160 <0.001 -0.239 <0.001
TC (mmol/L) -0.104 <0.001 —0.052 0.023 -0.247 <0.001
TG (mmol/L) -0.139 <0.001 —0.062 0.007 -0.272 <0.001
LDL-C (mmol/L) -0.063 0.001 -0.006 0.0797 -0.230 <0.001
HDL-C (mmol/L) 0.042 0.035 -0.028 0.217 0.079 0.048
Cr (umol/L) -0.055 0.006 0.038 0.098 -0.069 0.085
UA (umol/L) -0.102 <0.001 -0.015 0.511 -0.213 <0.001
Baseline brachial

-0.336 <0.001 -0.311 <0.001 -0.421 <0.001

artery diameter, mm

Coefficients (r) and P values were calculated with the spearman correlation analysis for continuous variables. BMI, body mass
index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride;
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; Cr, creatinine; UA, uric acid; FMD, flow-

mediated dilatation. P<0.05 is considered statistically significant.

Associations between FMD and CVRF

Analysis of the associations between FMD and the reported
CVREF showed that FMD was significantly correlated with
age (r=-0.413, P<0.001), BMI (r=-0.164, P<0.001), WC
(r=-0.184, P<0.001), SBP (r=—0.303, P<0.001), DBP (r=—
0.223, P<0.001), fasting glucose (r=—0.189, P<0.001), TC
(r=—0.104, P<0.001), TG (r=—0.413, P<0.001), LDL-C (r=—
0.063, P=0.001), HDL-C (r=0.042, P=0.035), Cr (r=-0.055,
P=0.006), UA (r=—0.102, P<0.001), and baseline brachial
artery diameter (r=—0.336, P<0.001) (7able 2). Multivariate
linear regression analysis showed that the following CVRF
were entered into the stepwise regression equation: age
(t=—16.068, P<0.001), gender (t=—5.090, P<0.001), BMI
(t=3.408, P<0.001), WC (t=—2.554, P<0.001), SBP (t=—6.498,
P<0.001), fasting glucose (t=—2.610, P=0.009), TC (t=-2.467,
P=0.014), smoking (t=-2.943, P=0.003), and baseline
brachial artery diameter (t=—15.946, P<0.001) (7able 3).

Relationship between FMD and gender

Analysis on the relationship between FMD and gender
showed that: in men, age, BMI, WC, SBP, DBP, fasting

© Pioneer Bioscience Publishing Company. All rights reserved.

glucose, TC, TG, and baseline brachial artery diameter
were significantly correlated with FMD (all P<0.001);
in women, age, BMI, WC, SBP, DBP, fasting glucose,
TC, TG, LDL-c, HDL-c, UA, and baseline brachial
artery diameter were significantly correlated with FMD
(all P<0.001). The major five CVRF were defined as
hypertension, diabetes, hyperlipidemia, coronary heart
disease, and smoking. The subjects were grouped based on
the number of their major CVRF (Figure 1). FMD gradually
decreased with the increase of the number of major CVRE.
Among subjects without any major cardiovascular risk
factor, the FMD values were higher in women than in men;
among subjects with one or more major CVRE, the FMD
values were lower in women than in men. The differences
between women and men increased along with the increase

of the number of major CVRE.

Relationship between FMD and age

The 20-86-year-old subjects were grouped according to their
ages (ten 5-year groups) (Figure 2). The potential relationship
between FMD and age was evaluated in subjects with different
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Table 3 Multivariate analysis of the relation between flow-

mediated vasodilation and variables

Variables B T value P value
Age (year) -0.298 -16.068 <0.001
Gender -0.122 -5.090 <0.001
BMI (kg/m?) -0.125 -3.408 0.001
WC (cm) -0.100 -2.554 0.011
SBP (mmHg) -0.124 —6.498 <0.001
Fasting glucose -0.046 -2.610 0.009
(mmol/L)

TC (mmol/L) -0.043 —2.467 0.014
Smoking -0.056 —2.943 0.003
Baseline brachial -0.354 —-15.946 <0.001

artery diameter (mm)

BMI, body mass index; WC, waist circumference; SBP,
systolic blood pressure; TC, total cholesterol.

Bl Male
159 3 Female

e

N 510 382 781
Number of CVRF/CVD

Figure 1 Illustration of FMD, flow-mediated dilatation depending on
number of coexisting risk factors/diseases; 0, no risk factors/diseases;
1, have one risk factors/diseases; 2, have two risk factors/diseases; >3,
have more than three factors/diseases. FMD, flow-mediated dilatation;

CVRYE, cardiovascular risk factors; CVD, cardiovascular disease.

number of major CVRE. Among all subjects, the FMD was
significantly higher in women than in men in the 20 to 55
age groups. It significantly declined in the 40-45 age group
in women; however, it showed no significant difference
between women and men in the 55 and over age groups.
Among subjects without major CVRE, the FMD values were
significantly higher in women than in men in the 55 and under
age groups, similar in the 55-59 age group, and significantly
lower in the 60 and over age groups. Among subjects with
major CVRE, the FMD values were higher in women than in
men in the 45 and under age groups but showed no significant
differences in the 45 and over age groups.

© Pioneer Bioscience Publishing Company. All rights reserved.
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Figure 2 (A) Line graphs show FMD in all subjects classified
into 10 groups based on 5-year of age; (B) line graphs show FMD
in men and women classified into 10 groups based on 5-year of
age in the no risk group; (C) line graphs show FMD in men and
women classified into 10 groups based on 5-year of age in the
cardiovascular risk factor and cardiovascular disease groups. CVRE,
cardiovascular risk factors; CVD, cardiovascular disease; FMD,

flow-mediated dilatation.

Discussion

It is well known that the CVRF can bring damage to
vascular endothelium (15). As the biggest endocrine
organ in human body, vascular endothelium maintains
the normal systolic and diastolic conditions of blood
vessels by secreting NO, endothelin-1, prostacyclin,
bradykinin, and other factors. A decreased secretion of NO
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by vascular endothelium is manifested as endothelium-
dependent diastolic dysfunction (16). In our current study,
we determined the NO secretion to reflect the changes
in vascular diastolic function, or by measuring the FMD
value to reflect the endothelial dysfunction. In addition, we
explored the potential relationships between the decline of
FMD and the major CVRE

We found that, among the various CVRE, age, gender,
BMI, waist, SBP, fasting glucose, T'C, smoking, and baseline
brachial artery diameter are independent predictors of FMD.
The relationships between FMD and CVRF have been
reported in many literatures. Among them 18 studies are
listed in Table 4. The included variables include age, sex,
SBP, EPO, BMI, DBP, FPG, TC, HDL-c, Cr, UA, hsCRP,
insulin, smoking, alcohol use, hypertension, dyslipidemia,
diabetes mellitus, hyperuricemia, baseline brachial artery
diameter, metabolic syndrome (MetS), and Framingham
risk score. Multivariate analyses resulted in different
conclusions. Schnabel et 4l. (22) believed FMD was
associated with age, sex, BMI, SBP, DBP, TC, HDL-c, TG,
C-reactive protein, hypertension, hypertension treatment,
and dyslipidemia, whereas Philpott ez 4/. (8) argued FMD
was only associated with SBP. Although Mizia-Stec er /. (6)
agreed FMD was associated with CVRE, he insisted that
such correlations were limited among populations at high
risk of CVD. Among these studies, disputes existed even
in a single indicator. Maruhashi ez 4/. (19) believed UA was
an independent risk factor of impaired endothelial function
in postmenopausal women, while Oikonen ez 4/. (7) argued
that UA was not correlated with the endothelial function.
Thus, there is no definite conclusion on the associations
between FMD and CVRE. As shown in our current study,
FMD was correlated with the traditional CVREF including
BP, blood sugar, blood lipid, obesity, and smoking, in
particular the baseline brachial artery diameter; however, it
was not correlated with Cr and UA. In our study, we further
listed hyperlipidemia, hypertension, diabetes, coronary
heart disease, and smoking as the five major risk factors.
Grouping based on the number of risk factors showed that
the FMD value declined along with the increase of the
number of risk factors. Therefore, we can conclude that
these CVRF can bring damage to vascular endothelium and
then cause the decreased vasodilation capacity, resulting in
the decline of FMD value.

FMD has shown certain racial differences (10). In their
study on 5,000 German subjects aged 55.5+£10.9 years,
Schnabel et al. (22) found that the baseline FMD value was
8.08+4.88% among all the subjects, 6.53+3.73% in men,
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9.69+5.39% in women; meanwhile, the baseline brachial
artery diameter was 4.32+0.82 mm in all the subjects,
4.89+0.59 mm in men, and 3.74+0.59 mm in women.
Oikonen et al. (7) studied 1,985 Finnish subjects aged 30-45
years and found that the FMD value was 7.64x3.79% in men
and 9.88+4.84% in women. Maruhashi ez /. (18) studied
5,314 Japanese subjects aged 46+13 years and found the
average FMD value was 6.16+£3.26% and the brachial artery
diameter was 4.01+0.60 mm. In our current study, we found
that, among the 2,511 Chinese subjects, the average FMD
value was 6.80+2.49 mm and the brachial artery diameter
was 4.12+0.62 mm. Thus, the FMD value is higher in the
Caucasian populations than in East Asian populations but is
basically the same between Chinese and Japanese. This can
be explained both by the differences in the diastolic function
and baseline brachial artery diameter among different
populations and by the different measurement methods.
Therefore, it is necessary to carry out studies on the CVRF
that may affect the vascular endothelial dysfunction among
different races and populations.

In our current study, women had higher FMD values
than men, which was consistent with the previous study
(29,30), suggesting the endothelial function is better in
women than in men. However, further multivariate analysis
showed that the difference in FMD between women and
men might be due to the different baseline brachial artery
diameter, which was smaller in women than in men; as
a result, the vascular dilatation function differs between
men and women. In our current study, we also explored
the impacts of CVRF on FMD in men or women. Along
with the increase of the number of CVRE, the FMD values
declined in both men and women. Among subjects without
any major cardiovascular risk factor, the FMD values were
higher in women than in men; among subjects with one or
more major CVRE the FMD values were lower in women
than in men; furthermore, the difference of the FMD values
between women and men was even larger in subjects with
more major CVRFE. Obviously, these major CVRF have
larger impacts on women. After the subjects were grouped
according to age, comparisons of the FMD values among
subjects with different age and gender showed that the
vascular endothelial function dramatically declined in the
40 and over age groups; however, the differences in the
FMD values between women and men were not statistically
different in the 55 and over age groups. We then further
divided our subjects into two groups: subjects with major
CVREF and those without major CVRE. In subjects with
major CVRE, the FMD value dramatically decreased in
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the 40 and over age groups; however, the differences in the
FMD values between women and men were not statistically
different in the 45 and over age groups. In subjects without
major CVRE, the changes in the FMD value were basically
consistent with the general populations. In women, the age-
related endothelial dysfunction is associated with the decline
of female hormones. Among them the estrogen level begins
to fall in the 40-45 age group; during the perimenopause
stage (45-55 years), the female hormone levels further
decline. Thus, among women without major CVRE, the
vascular endothelium is no longer protected by estrogen,
and the FMD value, which reflects the vascular endothelial
function, is no longer different between women and men. In
contrast, in women with major CVRE, the decline of FMD
value arrives early and becomes similar as that in men after
the age of 45 years, suggesting that the protective effect of
estrogen on endothelial dysfunction is offset by the CVRE.
This is consistent with the previous reports. However, we
divided the subjects on a 5-year basis, which was different
from the 10-year grouping in other studies. Therefore, while
"Tomiyama et /. (26) and Maruhashi ez 4/. (18) proposed that
the cut-off age for the same FMD value between women
and men was 50 years, we, on the basis of a smaller age
interval, found it would be 55 years.

However, our study had some limitations. First, the
sample size of women in our study was relatively small
because our subjects were recruited from individuals who
had received health check-ups and there were far more males
receiving vascular disease screening in China mainly due to
the income levels and the awareness about health and disease.
Second, due to the lack of follow-up data, we were not able
to elucidate the impacts of CVRF on FMD. Further follow-
up of these subjects will be included in our future studies.

Conclusions

To conclude, FMD measurement is one of the useful
methods for assessing the arterial endothelial function,
which is correlated with multiple CVRE. FMD has shown
certain racial differences. Our study, for the first time,
explored the correlations of FMD with CVRF and its
age- and gender-related specificities in a large Chinese
population. We hope the findings of this study may shed a
light on similar research on the endothelial dysfunction and
cardiovascular events in Chinese populations and provide
evidences for the establishing the FMD threshold values
that suit the Chinese populations.

© Pioneer Bioscience Publishing Company. All rights reserved.
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