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Physical Activity and Vascular Dilation Function in Healthy
Middle-aged Individuals

LIANG Qi' LIU Donghong® WANG Yuling' SUN Bing” LIN Fenggqiao®
GAN Hanjing® WU Guifu> WANG Lichun®> MA Hong’

Abstract Objective: Vascular dilation dysfunction has been linked with risk of cardiovascular disease. This study
was undertaken to investigate the relationship between physical activity and vascular dilation function in healthy
middle—aged adults to help explaining the effect of physical activity on preventing cardiovascular disease. Method:
We recruited 91 healthy middle—aged adults to complete a self-report 7-day physical activity recall questionnaire
and an exam of brachial artery flow—mediated dilation(FMD) and Nitroglycerin—mediated dilation (NMD) detected by
ultrasound. The relationship between physical activity level (PAL) and FMD and NMD were explored. Result:
Physical activity showed a significant and positive relationship with the brachial artery FMD, even after adjustment
for possible confounding factors (r=0.363, P<0.01). The group of high physical activity level had the highest FMD.
The means of FMD (%) in low, moderate and high PAL groups were respectively 8.70%=+3.93%,9.01%=+3.22% and
12.38+5.67% with significant difference between individuals of low and high PAL and between moderate and high
PAL group(P<0.01). The means of NMD (%) is 25.13%+6.52% ,24.38%+5.44% and 29.50%=7.25% respectively (P>
0.05) and there was no significant difference among three groups. There was no positive relation between PAL and
FMD in premenopausal females but in men and postmenopausal females. Although individuals of high PAL have
the best FMD, the moderate PAL can also retard FMD decrease with ageing. Conclusion: Maintaining high
physical activity level can enhance endothelial-dependent vascular dilation, and moderate or high physical activity
level can prevent endothelial —-dependent vascular dilation declining with aging, which may contribute to decrease
risk of cardiovascular disease in healthy middle-aged adults.
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Regular physical activity is effective to prevent coronary
heart disease (CHD). The morbidity of CHD decreases when
the level of physical activity increases!'. Previous researches
suggest that the effect of physical activity prevention of
CHD is partly due to enhanced function of vascular en-
dothelium™ . While some researchers indicated that CHD is
associated with endothelium independent vascular dilation .
But, the different effects on endothelium—dependent dilation
and non—enhanced endothelium—dependent dilation of differ-
ent levels of physical activity were not fully understood. This
present cross —sectional study was undertaken to investigate
the relationship between different physical activity level and
endothelial dependent or independent vascular dilation in

healthy meddle—aged individuals.

1 METHODS
1.1 Participants

We recruited 91 men and women (aged 40—60 years)
from Guangzhou Winter Swimming Association and Society.
All the volunteers were Han Nationality. Baseline evaluations

included

testing, laboratory evaluation, and questionnaires on health

standardized ~ physical  examination, diagnostic

status, medical history, lifestyle habits, and cardiovascular

risk factors. The exclusive criteria were: any history of high
blood pressure, coronary heart disease, cerebral vascular
disease, peripheral vascular disease, diabetes mellitus,
myocardial disease, chronic heart failure, chronic liver and
kidney disease, cancer and any acute or chronic disease

which did not

diagnosed idiopathic thrombocytopenic purpura, and the other

permit exercise. One participant was
asthma, but the symptom had relieved and the participants
took no therapeutic medication so that we still recruit them.
All participants were provided with informed consent.

1.2 Measurements

1.2.1 Assessment of physical activity:The physical activity
level (PAL) of all participants was assessed via the Chinese
version of Seven—day Physical Activity Recall Items (7D -
PAR) which was translated from the universal physical
activity questionnaire 7D-PAR B. The reliability and validity

of Chinese version were tested and proved to be applicable

1 Department of Rehabilitation Medicine, First Affiliated Hospital
of Sun Yat-sen University, Guangzhou, China, 510080

2 Department of Cardiovascular Medicine, First Affiliated Hospital
of Sun Yat—sen University.

3 Department of Ultrasonography, People’s Hospital of Shenzhen
City.



490 Chinese Journal of Rehabilitation Medicine, Jun. 2009, Vol. 24, No.6

with the physical activity situation in Chinese population.
The participants were asked to recall and estimate the
number of hours spent in sleep, moderate, hard, and very
hard activity during the past 7 days, including Saturday and
Sunday. The remaining time represented light activity. The
work metabolic rate/rest metabolic rate ratio (MET) values
were assigned to the various activities. Sleep is estimated as
1 MET, light activity as 1.5 METs, moderate activity as 4
METs, hard activity as 6 METs and very hard activity as
10 METs. MET values are multiplied by the hours spent in
each of the five calegories and the products were added to
give MET value per day. The MET value of total seven
days were added and averaged to get the average MET
value per day. If the average MET value per day was lower
than 33.3 METs, it was defined as low physical activity
level. If the value between 33.4—35.0METs then was
moderate physical activity level, and higher than 35METs
was high physical activity level.
1.2.2  Assessment of flow —mediated dilation (FMD) and
Nitroglycerin —mediated ~ dilation (NMD): All studies were
performed in the morning in a quiet room with a
temperature  of approximately 20—25°C by the same
experienced sonographer of the department of ultrasound.
Endothelium —dependent and  —independent vasodilator
function was assessed as previously described . Briefly,
subjects lay supine on a bed and were asked to rest for at
least 10 min. Then, the right brachial artery was visualized
to get baseline diameter, using a high-resolution ultrasound
with a 7.5MHz linear array transducer (PHILIP ALT 5000,
USA). Then a pressure cuff applied on the forearm was
inflated at 240mmHg for 4—5min. Blood flow was measured
during the 15s after cuff release, and arterial image
acquisitions for diameter measurements were performed
between 15s and 120s after cuff deflation. After at least
10min of rest, 0.5mg of nitroglycerin was given sublingually.
Blood flow and images for arterial diameter were recorded
after 3—4min. The response of the vessel diameter to
reactive hyperemia and nitroglycerin was expressed as
percent change relative to the diameter immediately before
cuff inflation and to the diameter immediately before drug
administration, as FMD(%) and NMD(%) respectively.
1.3 Statistical analysis

Physical activity categories were assessed as ordinal
variables  for  evaluation of differences in  baseline
characteristics with linear. Descriptive data are presented as
mean + SD. Baseline data were compared by the Student ¢
test between two groups and by ANOVA among three groups
for continuous variables or by the X* test Fisher exact test
for categorical variables. Categorical data were analyzed by

the chi-square statistics. The Pearson correlation coefficient

was used to evaluate associations. Stepwise Multi Regression
Analysis was used to explore the statistical relationships
between physical activity level and vascular reaction.
Differences were considered significant at P<0.05. Analyses
were performed using SPSS version 16 statistical package

(SPSS Inc., Chicago, IL, USA). P<0.05 denotes statistical

significance between the groups.

2 RESULTS
2.1 Subjects

The group characteristics according to PAL of ninety -
one participants are presented in Table 1. Participants in
low PLA group had little physical activity of moderate or
high intensity. Most participants in moderate PLA usually
attended moderate —intensity swimming less than 60min/d.
Participants in high PLA attended more activities such as
walking, jogging, swimming, climbing and cycling, and total
exercise time reached to more than 60min.

Table 1 Characteristics of different PAL groups
Low PAL  Moderate PAL  High PAL

(n=41) (n=19) (n=31) P
Age (years) 50+4.2 50.7+3.8 49.8+4.9  >0.05
Male 24 10 12 >0.05
Smoking habit 13 1 4 <0.05
BMI (kg/m?) 23.7+2.53 22.8+2.64 22.4+191  <0.05

2.2 The relationship between the brachial artery FMD,
NMD and average MET value per day

The brachial artery FMD was positively associated with
average MET value per day,r=0.363,P<0.01,shown in Figure
1.The NMD had no statistically significant relationship with
average MET value per day, r=0.185, P>0.05.
2.3 The brachial artery FMD and NMD compared in
different PAL groups and subgroups
2.3.1 The brachial artery FMD was 8.70%+3.93% ,9.01%+
3.22% and 12.38%+5.67% respectively in low, moderate and
high PAL groups (P<0.01). The difference was statistically
significant between high PAL groups and low or moderate
PAL groups (both P <0.01), but not between low and
moderate PAL groups. The results were shown in Table 2
and Figure 2.
2.3.2 The brachial artery FMD and NMD in different PAL
groups in males were shown in Table 2. To evaluate the
relationship between PAL and FMD, we used Stepwise Multi
Regression Analysis to adjust the effects of covariates such
as smoking status, age and BMI and found out that the
PAL was the only statistically significant factor for the
brachial artery FMD in males. The linear equation was
FMD=5.679+1.522xPAL, P=0.05.

The FMD and NMD in different PAL groups in females
were shown in Table 2 too. The brachial artery FMD and
NMD in female was 10.93%+4.30% and 27.20%=+7.36% re-
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spectively, compared with 8.16%+3.89% (FMD) and 23.84%
+6.21%(NMD) in males, the difference was statistically sig-
nificant(P<0.01,0.05,respectively). However the difference dis-
appeared when compared between menopausal females and
males. In postmenopausal females, there was positive rela-
tionship between average MET value per day and the FMD,
r=0.936,P<0.01. The FMD in high PAL group was higher
than that in moderate and low PAL groups, but no signifi-
cant difference between moderate and low PAL groups. The
data were presented in Table 2.
2.4 The relationship between age and the brachial artery
FMD and NMD in different PAL groups

In low PAL group, the brachial artery FMD was
associated negatively with age, r=-0.516,P<0.01. The FMD
declined with aging. But in moderate and high PAL groups,
the negative relationship disappeared. The brachial artery
NMD had no relationship with age in all PAL groups.
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Fig. 2 The mean of brachial artery FMD comparison
between different PAL groups

3 DISCUSSION

The purpose of this cross —sectional research is to
explore the effect of daily physical activity on vascular
dilation in healthy middle-aged adults. It is found that the
FMD was positively associated with daily average total METs
and the participants in high PAL groups had the highest
FMD, but the difference between moderate and low PAL

groups was not statistically  significant. The results suggest

Table 2 Comparing the mean of brachial artery
FMD and NMD in different PAL groups (x=s)

Group/PAL FMD(%) NMD(%)
Whole Subjects
Low PAL 8.70+3.93 25.13+6.52
Moderate PAL 9.01£3.22 24.38+5.44
High PAL 12.38+5.67% 29.50+7.25
Males
Low PAL 7.42+2.49 23.83+4.89
Moderate PAL 8.03+2.97 24.88+6.17
High PAL 10.99+7.587 24.62+5.14
Postmenopausal Females
Low PAL 7.71£3.23 23.17+7.12
Moderate PAL 9.85+5.21 28.51+7.6
High PAL 12.45+4.767 25.86+7.01
Premenopausal Females
Low PAL 13.55+4.70 31.22+7.29
Moderate PAL 9.95+1.13 26.38+4.62
High PAL 11.48+3.73 27.13+8.50

Mean values + SD represent for the percentage of FMD and NMD
in different PAL groups. PAL: physical activity level; FMD: flow—
NMD:  Nitroglycerin —mediated ~ dilation. D
Significance level at P<0.05, @ significance level at P<0.01.

mediated  dilation;

that physical activities might have positive effects on the
endothelial —dependent vascular dilation in healthy middle -
aged adults but this effect be determined by the amount of
physical activity. The basic endothelial —dependent vascular
dilation of the healthy participants in this study was rather
good even the brachial artery FMD of low PAL groups was
nearly normal. The previous studies had revealed that
moderate exercise had little effect on increasing function of
normal endothelium . And the type of exercise may have
different effect on the brachial aretry FMD. In this study,
the participants in high PAL groups attended jogging or
climbing mountain or cycling except swimming, but the most
in moderate PAL groups only took part in moderate—intensity
swimming. A recent study has found that cyclist showed
higher FMD in the brachial artery and greater peak muscle
perfusion and conductance in the non —exercising muscles,
whereas swimmers presented only enhanced FMD in the
superficial femoral artery ™. The different effects of different
type of exercise on different vascular FMD might partly
explain our results.

The results of this study suggested that moderate PAL
had little effect on increasing nearly normal endothelial —
dependent vascular dilation in healthy middle —aged people.
However the vascular dilation is determined not only by
endothelia—dependent dilation but also by artery compliance.
A study "™ in young adults revealed that artery compliance
was significantly lower in sedentary subjects than in
physically active subjects, whereas flow —mediated dilation
was not distinctive between the groups. We suggested that
the effect of physical activity on vascular dilation of healthy
adults  might be vascular

represented in  enhancing

compliance first, and then in increasing endothelial —
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dependent dilation when amount of physical activity
increased.

The previous study found that postmenopausal women
had similar decreased FMD to males but the younger women
had the higher FMD due to higher female hormone "
Similarly, FMD of premenopausal women was higher than
that of male and postmenopausal women, and was not
associated with PAL in this study. This suggests that the
vascular dilation of premenopausal women is rather good and
physical activity had little effect on increasing it. On the
contrary, the FMD of postmenopausal women was similar to
males. But the premenopausal women of high PAL group
had higher FMD than moderate and low PAL. The results
suggest that maintaining high PAL might contribute to higher
vascular dilation in postmenopausal women. This population
should be encouraged to attend more physical activities and
exercises.

Aging is the major risk factor of atherosclerosis disease
and is associated with vascular remodeling and deceased
vascular endothelial function. Exercise can retard the
endothelial dysfunction accompanied by aging "2 We
found that the negative relationship between age and FMD
existed only in low PAL group. This result suggests that
moderate and high PAL might have protective effect on
declining of endothelial dilation due to aging.

Most guidelines of physical activity and public health
recommended that healthy adults should attend minimum 30
minutes moderate —intensity aerobic physical activity on five
days each week to promote and maintain health. The
amount of recommended exercise is equivalent to the
moderate PAL in our study. Although the moderate PAL had
little effect on increasing the normal FMD, but it could
protect the declining of FMD accompanied by aging in our
study. The previous studies have revealed that morbidity of

coronary heart disease was negatively associated with

physical activity level =%l

More physical activity is related
to less coronary heart disease. And the lowest protective
amount of physical activity is still argued P Further studies

are needed to explore the more suitable amount of physical

activity to protect cardiovascular disease in  specific
population.
The  brachial NMD represents the endothelial -

independent vascular dilation and is an indication of the
function of vascular smooth muscles. Some studies indicated
that NMD was related to atherosclerosis and so that
protection of NMD decline was one of the purposes of

interventions " >,

One recent study revealed that the long—
term trained adults had improved NMD than sedentary
controls!. But in our study, the brachial artery NMD of the

whole participants are normal and we found no further

enhancing effect of physical activity on normal NMD of

healthy adults.

4 CONCLUSIONS

Physical activity level is positively associated with the
endothelial —dependent vascular dilation in healthy middle -
aged adults. To get a higher vascular dilation in males and
post —menopausal females, a high PAL is needed. Both
moderate and high PAL can protect endothelial —dependent
vascular dilation declining due to aging. Active physical
activity can increase vascular dilation function, which may
contribute to decrease risk of cardiovascular disease in

middle—aged adults.
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