ChinaRxiv [$X]

AT translation - View original & related papers at
chinarxiv.org/items/chinaxiv-202304.00986

Immediate Effects of Aerobic Exercise on Arte-
rial Stiffness in Men with Different Blood Glucose
Levels: Postprint

Authors: He Rong, Zhang Li, Li Peng, Zhang Xiaoling, Zhang Guo, Zang
Yiran, Wu Shouling, Sun Lixia, Sun Lixia

Date: 2023-04-10T00:00:004-00:00

Abstract

Background Previous research on the benefits of aerobic exercise has primarily
focused on its effects on long-term cardiovascular health and outcomes, with
regular aerobic exercise shown to improve arterial stiffness. Studies have iden-
tified hyperglycemia as a factor that increases arterial stiffness, suggesting that
hyperglycemia may attenuate the beneficial effects of aerobic exercise on arterial
stiffness. To test this hypothesis, the present study measured arterial stiffness
immediately after aerobic exercise to assess its acute effects, using data from the
Kailuan Study to analyze the immediate impact of aerobic exercise on arterial
stiffness across populations with different blood glucose levels.

Objective To investigate the immediate effects of aerobic exercise on arterial
stiffness in populations with different blood glucose levels.

Methods This study enrolled participants who attended the 6th follow-up physi-
cal examination of the Kailuan Study (2018-2020) and completed brachial-ankle
pulse wave velocity (baPWV) measurements before and after a two-stage bicy-
cle ergometer load test at four enterprises affiliated with the Kailuan Group.
Epidemiological surveys were conducted to collect general information (age, hy-
pertension, hyperlipidemia, antihypertensive medication history, etc.), anthro-
pometric indices [systolic blood pressure (SBP), diastolic blood pressure (DBP),
etc.], and biochemical indicators (fasting blood glucose, etc.). Participants were
stratified into quartile groups based on fasting blood glucose levels: Group Q1
(n=220): <5.00 mmol/L, Group Q2 (n=240): 5.00-<5.40 mmol/L, Group Q3
(n=230): 5.40-<5.81 mmol/L, and Group Q4 (n=234): $ $5.81 mmol/L. The
two-stage bicycle ergometer load test served as the aerobic exercise interven-
tion, with baPWYV level used as the indicator of extremity arterial stiffness.
Data related to baPWYV before and after the test were collected [including SBP,
DBP, mean arterial pressure (MAP), heart rate (HR), baPWV level, metabolic
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equivalent (MET), maximal oxygen uptake (VO2max), etc.], with pre-test and
post-test measurements denoted as 1 and 2, respectively; differences between
measurements were calculated (denoted as AbaPWYV, etc.). Inter-group differ-
ences in epidemiological survey data and baPWV-related parameters among
Groups Q1, Q2, Q3, and Q4 were compared. Generalized linear regression mod-
els were employed to evaluate the influence of different blood glucose levels on
baPWYV before and after the two-stage bicycle ergometer load test.

Results A total of 924 participants met the inclusion criteria, with a mean age of
(36.93$+$7.72) years. Comparisons of epidemiological survey data revealed sta-
tistically significant differences among the four groups in age, hyperlipidemia,
hypertension, antihypertensive medication history, systolic blood pressure, dias-
tolic blood pressure, fasting blood glucose, high-sensitivity C-reactive protein,
triglycerides, total cholesterol, high-density lipoprotein cholesterol, and low-
density lipoprotein cholesterol (P<0.01). Comparisons of baPWV-related pa-
rameters before and after the two-stage bicycle ergometer load test showed that
HR2 was significantly higher than HR1 in Groups Q1, Q2, and Q3 (P<0.01);
baPWV2 was significantly higher than baPWV1 in Groups Q1, Q2, Q3, and Q4
(P<0.01); and significant differences were observed among the four groups in
SBP1, SBP2, DBP1, DBP2, MAP1, MAP2, baPWV1, and baPWV2 (P<0.01).
Compared with baPWV1, baPWV2 decreased by an average of 36.0 cm/s across
populations with different blood glucose levels. Generalized linear regression
analysis demonstrated that after adjusting for confounding factors, AbaPWV
level was significantly lower in Group Q1 compared with Group Q4 [b (95%CI)
= -18.96 (-36.96, -0.96), P=0.04].

Conclusion Aerobic exercise can acutely improve arterial stiffness; however, hy-
perglycemia attenuates this beneficial effect. Clinicians should design personal-
ized aerobic exercise protocols for different populations to improve arterioscle-
rosis and delay vascular aging.

Full Text

Abstract

Background

Previous studies on the benefits of aerobic exercise have primarily focused on its
long-term impact on cardiovascular health and outcomes, demonstrating that
regular aerobic exercise can improve arterial stiffness. However, research also in-
dicates that hyperglycemia is a factor that increases arterial stiffness, suggesting
that elevated blood glucose may weaken the beneficial effects of aerobic exercise
on arterial hardening. To test this hypothesis, this study utilized data from the
Kailuan Study to analyze the immediate effects of aerobic exercise on arterial
stiffness in populations with different blood glucose levels by measuring arterial
stiffness immediately after aerobic exercise.

Objective
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To investigate the immediate effects of aerobic exercise on arterial stiffness in
male populations with different blood glucose levels.

Methods

This study selected participants who attended the 6th follow-up physical exam-
ination of the Kailuan Study between 2018-2020 and completed brachial-ankle
pulse wave velocity (baPWV) measurements before and after the secondary
load test on a power bicycle at four enterprises affiliated with the Kailuan
Group. Epidemiological surveys were conducted, including general information
(age, hypertension, hyperlipidemia, antihypertensive medication history, etc.),
anthropometric indicators [systolic blood pressure (SBP), diastolic blood
pressure (DBP), etc.], and biochemical indicators (fasting blood glucose,
etc.). Participants were divided into quartile groups based on fasting blood
glucose levels: Q1 group (n=220): <5.00 mmol/L, Q2 group (n=240): 5.00-
<5.40 mmol/L, Q3 group (n1=230): 5.40-<5.81 mmol/L, and Q4 group (n=234):
$ 5.81mmol/L.T hesecondaryloadtestonthepowerbicycleservedasthe formo faerobicexercise, withba PWVuse
etc.] were collected before (denoted as 1) and after (denoted as 2) the test,
and the differences between the two measurements were calculated (denoted as
AbaPWV, etc.). Differences in epidemiological survey data and baPWV-related
indicators were compared among the Q1, Q2, Q3, and Q4 groups. Generalized
linear regression models were used to evaluate the impact of different blood
glucose levels on baPWV before and after the secondary load test.

Results

A total of 924 eligible participants were enrolled with a mean age of
(36.938+7.72)years.Comparisonso fepidemiological surveydataamongthegroupsrevealedstatisticallysigni fic
sensitivityC reactiveprotein, triglycerides, totalcholesterol, high ~ —
densitylipoproteincholesterol, andlow — densitylipoproteincholesterol(P <

0.01).Comparisonso fbaPW'V —relateddatabe foreanda fterthesecondaryloadtestshowedthat HR_{2}$
was higher than HR; in the Q1, Q2, and Q3 groups (P<0.01), while baPWV,

was higher than baPWYV, in all four groups (P<0.01). Statistically significant

differences were observed among the four groups in SBP,, SBP,, DBP;, DBP,,

MAP,, MAP,, baPWV,, and baPWV, (P<0.01). Compared with baPWV,

baPWV, decreased by an average of 36.0 cm/s across different blood glucose

levels. Generalized linear regression analysis showed that after adjusting for

confounding factors, the AbaPWYV level in the Q1 group was lower than that

in the Q4 group [b (95%CI) = -18.96 (-36.96, -0.96), P=0.04].

Conclusion

Aerobic exercise can immediately improve arterial stiffness, but hyperglycemia
attenuates this beneficial effect. Clinicians should design different aerobic ex-
ercise protocols for different populations to improve arteriosclerosis and delay
vascular aging.

Keywords
Exercise; Diabetes mellitus; Vascular stiffness; Aerobic exercise; Fasting blood
glucose; Pulse wave velocity; Arterial stiffness; Cardiovascular disease
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Introduction

Aerobic exercise is a cornerstone for the prevention and treatment of chronic
non-communicable diseases [1-4]. Long-term regular aerobic exercise not only
reduces body weight [5], lowers blood glucose [6], and improves lipid metabolism
[7], but also prevents arteriosclerosis and thereby reduces the incidence of car-
diovascular and cerebrovascular diseases [8]. Even in secondary prevention of
cardiovascular diseases, aerobic exercise plays a pivotal role [9]. Consequently,
various guidelines recommend aerobic exercise as a primary healthy lifestyle
intervention [1-4].

Arterial stiffness is an important indicator of arterial elasticity and function.
Brachial-ankle pulse wave velocity (baPWYV) is commonly used to evaluate arte-
rial stiffness due to its non-invasive nature, ease of operation, and high reliability
[10]. Previous research on the benefits of aerobic exercise has primarily focused
on its long-term impact on cardiovascular health and outcomes [11-15]. Even
studies examining short-term or immediate effects have mainly concentrated on
blood pressure responses, with only a few small-sample studies investigating the
effects of aerobic exercise on arterial stiffness, yielding inconsistent conclusions.
For instance, Kobayashi et al. [16] found that arterial stiffness improved signifi-
cantly immediately after aerobic exercise in 11 healthy young men, while another
study of 24 young adults with diabetes found no significant improvement in ar-
terial stiffness immediately after aerobic exercise [17]. Research has identified
hyperglycemia as a factor that increases arterial stiffness [18-21], leading to the
hypothesis that elevated blood glucose may weaken the beneficial effects of aer-
obic exercise on arterial hardening. To test this hypothesis, this study utilized
data from the Kailuan Study combined with the 2020 5th National Physical
Fitness Monitoring data to analyze the immediate effects of aerobic exercise on
arterial stiffness in populations with different blood glucose levels, aiming to
provide new clinical strategies for improving arteriosclerosis and delaying vascu-
lar aging, and to offer scientific guidance for designing aerobic exercise protocols
for different populations.

Methods

Study Participants

This study selected participants who had previously attended the 6th follow-up
physical examination of the Kailuan Study between 2018-2020, were selected
for the 2020 5th National Physical Fitness Monitoring, and completed baPWV
measurements before and after the secondary load test at four enterprises affili-
ated with the Kailuan Group. The Kailuan Study (ChiCTR-TNC-11001489) is
a community-based survey and intervention study on cardiovascular disease risk
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factors among functional community populations, initiated in July 2006. The
Kailuan General Hospital and 10 affiliated hospitals are responsible for conduct-
ing health examinations for Kailuan Group employees (both active and retired),
with follow-ups every two years. To systematically understand national physi-
cal fitness status and provide evidence for policies to enhance national fitness,
the State General Administration of Sport conducted the 5th National Physical
Fitness Monitoring in 2020 [22]. The survey used industries as sampling units,
and based on the distribution characteristics of typical occupations in the coal
industry, randomly selected 1,200 male employees aged 20—49 from four Kailuan
Group enterprises as the sample population for physical fitness level testing at
four Kailuan Group enterprises. The testing included the secondary load test
on a power bicycle, sit-and-reach test, cardiopulmonary endurance test, body
fat percentage, etc. Building upon the original measurements, this study added
baPWYV measurements before and after the secondary load test on the power
bicycle.

Inclusion and Exclusion Criteria

Inclusion criteria: (1) Participants who attended the 6th follow-up physical
examination of the Kailuan Study between 2018-2020 and were selected for
the 2020 5th National Physical Fitness Monitoring; (2) Those who completed
baPWYV measurements before and after the secondary load test on the power
bicycle; (3) Those who agreed to participate and signed informed consent.

Exclusion criteria: (1) Participants with missing fasting blood glucose data;
(2) Those with incomplete secondary load test data. This study followed the
Declaration of Helsinki and was approved by the Ethics Committee of Kailuan
General Hospital ([2006] Ethics No. 5).

Data Collection

Epidemiological Survey Content The epidemiological survey included gen-
eral information, anthropometric indicators, and biochemical test indicators.
General information comprised age, gender, hypertension, hyperlipidemia, an-
tihypertensive medication history, alcohol consumption, and physical exercise
status. Anthropometric indicators included body weight, BMI, waist circum-
ference, SBP, and DBP. Biochemical test indicators included fasting blood glu-
cose, high-sensitivity C-reactive protein (hs-CRP), triglycerides, total choles-
terol, high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein
cholesterol (LDL-C). Detailed collection methods have been published in our
previous studies [23-25].

Definitions and Diagnostic Criteria Hypertension was defined according
to the Chinese Guidelines for the Prevention and Treatment of Hypertension
(2018 Revision) [25] as SBP > 140 mmHg and/or DBP > 90 mmHg (1 mmHg
= 0.133 kPa) without antihypertensive medication, or having a history of hy-
pertension or taking antihypertensive medication. Hyperlipidemia was defined
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according to the Chinese Guidelines for the Prevention and Treatment of Dyslipi-
demia in Adults [26] as meeting any of the following criteria: (1) total cholesterol
> 5.72 mmol/L; (2) triglycerides > 1.70 mmol/L; (3) HDL-C < 0.91 mmol/L;
(4) LDL-C > 3.64 mmol/L. BMI was calculated as weight (kg)/height? (m?).
Smoking was defined as consuming at least one cigarette per day on average in
the past year. Alcohol consumption was defined as drinking an average of 100
ml of liquor (alcohol content > 50%) per day for > 1 year. Physical exercise
was defined as exercising > 3 times per week for > 30 minutes per session.

Fasting Blood Glucose Detection Participants underwent fasting blood
glucose testing at the Health Examination Center of Kailuan General Hospital
before December 31, 2020. After fasting for at least 8 hours, 5 ml of fasting elbow
venous blood was drawn between 7:00-9:00 AM on the examination day. The
blood was centrifuged at 3,000 r/min for 10 minutes at room temperature (24°C)
with a centrifuge radius of 13 cm. The supernatant serum was collected and
tested within 4 hours. Fasting blood glucose was measured using the hexokinase
method with a coefficient of variation not exceeding 2% at 5.6 mmol/L and an
upper linear limit of 33.3 mmol/L, using a Hitachi 7600 automatic biochemical
analyzer with reagent kits provided by Zhongsheng Beikong Biotechnology Co.,
Ltd. Professional laboratory technicians strictly followed the operating manual,
with batch quality control.

Secondary Load Test on Power Bicycle This study used the secondary
load test on a power bicycle as the form of aerobic exercise. All tests were
conducted on-site at room temperature (22-25°C). The GMCS-GLC3 power bi-
cycle (Tianjin Xinghe Zhongbang Engineering Consulting Co., Ltd.), uniformly
equipped by the National Physical Fitness Monitoring Center, was used for the
secondary load exercise test. Participants were prohibited from smoking, drink-
ing alcohol, consuming caffeine, or engaging in vigorous activity within 12 hours
before the test. The secondary load test lasted 7 minutes, during which partici-
pants maintained a pedaling speed of 60 rpm throughout. The initial 30 seconds
served as a warm-up phase with zero load, followed by two load increments (25
W each) every 3 minutes, and the final 30 seconds as a recovery phase with zero
load.

baPWYV-related Measurements Measurements were conducted once be-
fore and once immediately after the secondary load test on the power bicycle
to reflect the immediate impact of the exercise. The BP-203RPE III network-
based arteriosclerosis detection device (Omron Healthcare Co., Ltd., China) was
used to measure SBP, DBP, MAP, HR, baPWYV levels, MET, VO,max, peak
heart rate, and the time difference between the end of the secondary load test
and the post-exercise baPWV measurement (hereinafter referred to as Time).
Peak heart rate was monitored in real-time by a heart rate monitor worn on
the middle of the right upper arm, and VO,max was calculated and uploaded
by the power bicycle’s built-in system. During measurement, participants wore
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light clothing, lay flat on a measurement bed without a pillow, placed their
hands palm-up beside their bodies, and remained quiet. Medical staff aligned
the upper arm cuff bladder markers with the bilateral brachial arteries and the
lower limb cuff bladder markers with the medial sides of the bilateral ankle
joints, and attached ECG acquisition devices to both wrists. Each participant
was measured twice, with the second measurement used as the final result. This
study used the larger value of the left and right baPWYV for analysis and the
right upper limb values for SBP and DBP.

Before the secondary load test, participants’ SBP, DBP, MAP, HR, and baPWV
levels were measured at rest (rest time > 15 minutes) and recorded as SBP,,
DBP,, MAP,, HR,, and baPWV,. After the test, SBP, DBP, MAP, HR, and
baPWYV levels were measured again and recorded as SBP,, DBP,, MAP,, HR,,
and baPWV,. The differences between the two measurements were calculated
and recorded as ASBP, ADBP, AMAP, AHR, and AbaPWYV. Subsequently,
participants’ MET, VO,max, peak heart rate, and Time were recorded.

Grouping Method

Participants were divided into quartile groups based on their fasting blood glu-
cose levels: Q1 group: <5.00 mmol/L, Q2 group: 5.00-<5.40 mmol/L, Q3
group: 5.40-<5.81 mmol/L, and Q4 group: $ $5.81 mmol/L.

Statistical Methods

Data were entered by uniformly trained professionals from each hospital and
summarized and uploaded to an Oracle database by Kailuan General Hospital.
SAS 9.4 software was used for statistical analysis. Normally distributed con-
tinuous variables were expressed as (X4s), with paired sample t-tests used for
pre- and post-exercise data and one-way ANOVA for multi-group comparisons,
with Scheffe’s method for pairwise comparisons. Non-normally distributed con-
tinuous variables were expressed as M(P,5, Prs), with Kruskal-Wallis H test
for inter-group comparisons and paired rank-sum test for pre- and post-exercise
comparisons. Categorical variables were expressed as percentages, with 2 test
for inter-group comparisons. Generalized linear regression models were used to
evaluate the impact of different blood glucose levels on baPWV before and after
the secondary load test, with P<0.05 considered statistically significant.

Results

A total of 1,200 Kailuan Group employees were sampled for the 5th National
Physical Fitness Monitoring, of which 1,128 attended the 6th follow-up examina-
tion of the Kailuan Study between 2018-2020. After excluding 116 participants
who did not complete baPWV measurements before and after the secondary
load test, 86 with missing fasting blood glucose data, and 2 with incomplete sec-
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ondary load test data, 924 participants were finally included in the statistical
analysis, with a mean age of (36.93$+$7.72) years.

Comparison of Epidemiological Survey Data

Comparisons of epidemiological survey data among the groups showed statisti-
cally significant differences in age, hyperlipidemia, hypertension, antihyperten-
sive medication history, SBP, DBP, fasting blood glucose, hs-CRP, triglycerides,
total cholesterol, HDL-C, and LDL-C (P<0.01). No statistically significant
differences were found in alcohol consumption history, smoking history, physi-
cal exercise, body weight, BMI, or waist circumference among the four groups
(P>0.05). Pairwise comparisons within groups revealed that the Q4 group had
higher proportions of age, hypertension, hyperlipidemia, and antihypertensive
medication history than the Q1, Q2, and Q3 groups, and the Q3 group had
higher age than the Q1 group (P<0.01). The Q4 group had higher SBP and
DBP than the Q1 and Q2 groups (P<0.01). The Q4 group had higher hs-CRP,
total cholesterol, and LDL-C levels, and the Q3 group had higher total choles-
terol levels than the Q1 and Q2 groups (P<0.01). The Q2 and Q3 groups had
higher hs-CRP, and the Q3 and Q4 groups had higher triglycerides than the Q1
group. The Q2 group had lower total cholesterol than the Q3 group .

Comparison of baPWV-related Data Before and After the Secondary
Load Test

Comparisons of baPWV-related data before and after the secondary load test
showed that HR, was higher than HR, in the total population (P<0.01) and
in the Q1, Q2, and Q3 groups (P<0.01). baPWV, was higher than baPWV,
in all four groups (P<0.01). Statistically significant differences were observed
among the four groups in SBP,, SBP,, DBP,, DBP,, MAP,, MAP,, baPWV,
and baPWV, (P<0.01). Pairwise comparisons showed that the Q4 group had
higher DBP,, baPWV,, and baPWV, than the Q1, Q2, and Q3 groups, and
higher SBP,, DBP;, MAP,, and MAP, than the Q1 and Q2 groups (P<0.01).
Compared with baPWV,, baPWV,, decreased by an average of 36.0 cm/s in
the total population. No statistically significant differences were found among
the four groups in ASBP, ADBP, AMAP, HR,, HR,, AHR, AbaPWV, MET,
VO,max, peak heart rate, or Time (P>0.05) .

Using AbaPWYV as the dependent variable (assigned as actual values) and the
Q4 group as the reference, generalized linear model analysis was performed
with baPWV,, age, BMI, waist circumference, hs-CRP, smoking history, alco-
hol consumption history, physical exercise, hypertension without medication,
hypertension with medication, hyperlipidemia history, peak heart rate, AHR,
AMAP, and Time as control variables. After adjusting for confounding factors,
the results showed that compared with the Q4 group, the AbaPWYV level in the
Q1 group was lower [b (95%CI) = -18.96 (-36.96, -0.96), P=0.04] .
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Discussion

The key finding of this study is that aerobic exercise can indeed improve arterial
stiffness, but hyperglycemia attenuates this beneficial effect, and this adverse
effect is independent of traditional cardiovascular risk factors such as BMI and
hypertension. Previous studies on the effects of aerobic exercise on arterial
stiffness have shown that in healthy populations, aerobic exercise can signifi-
cantly improve peripheral arterial stiffness [27]. Magalhdes et al. [28] found
that aerobic exercise reduced peripheral arterial stiffness (carotid distal pulse
wave velocity, cdPWYV) in diabetic populations. Another study of 11 healthy
young men with a mean age of 21 years showed that peripheral arterial stiff-
ness (Leg pulse wave velocity, LPWYV) decreased after 30 minutes of aerobic
exercise [16]. This study found that in young men with different blood glucose
levels (mean age 36.933+87.72 years), baPWV measured immediately after the
secondary load test decreased compared with resting levels, with an average
reduction of 36 cm/s. However, Kingwell et al. [29] reported that immediate
arterial stiffness decreased by 80 cm/s after 30 minutes of power bicycle exer-
cise in healthy men with a mean age of 24 years, which differs from our results.
The authors speculate that this discrepancy may be due to the smaller sample
size (n=12) in that study, resulting in a larger magnitude of change in arterial
stiffness after aerobic exercise compared with our study.

This study observed differences in the magnitude of baPWYV reduction after the
secondary load test among different blood glucose level groups. After adjusting
for multiple confounding factors, we found that compared with the highest fast-
ing blood glucose group (Q4 group), the lowest fasting blood glucose group (Q1
group) had an additional 18.96 cm/s decrease in baPWV. This differs from some
previous studies. A randomized crossover trial found that aerobic exercise had
no significant effect on arterial stiffness in hyperglycemic populations (n=24)
[17]. Additionally, Cooke et al. [30] used carotid-femoral pulse wave velocity
(cfPWV) to observe the immediate effects of aerobic exercise on arterial stiff-
ness in patients with type 2 diabetes (n=66) and non-diabetic patients (n=61),
finding that compared with non-diabetic patients, patients with type 2 diabetes
exhibited a 1.6 m/s increase in immediate arterial stiffness after 15 minutes of
vigorous exercise. cfPWYV is primarily used to evaluate central arterial stiffness,
and research indicates that aerobic exercise has inconsistent effects on different
arterial segments, with immediate post-exercise central arterial stiffness increas-
ing relative to resting levels while peripheral arterial stiffness decreases [31].
The more intense exercise protocol, relatively small sample size, and use of cf-
PWYV as the measurement index in the aforementioned studies may explain the
differences from our results.

Although this study found differences in the immediate post-exercise baPWV
reduction among different blood glucose level groups, with more pronounced de-
creases in lower blood glucose groups, this was an observational study and could
not explore specific mechanisms. Based on previous research, possible mecha-
nisms include: (1) Chronic hyperglycemia leads to the formation of advanced
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glycation end-products, with glucose cross-linking with collagen in arteries, alter-
ing the balance between elastin and collagen [32]. (2) Hyperglycemia activates
protein kinase C, leading to reactive oxygen species production and inflamma-
tion that may alter the structural and functional integrity of the vascular wall
[32-33]. (3) Due to changes in the intrinsic properties of arterial walls in hyper-
glycemic populations, the positive effects of aerobic exercise on arterial stiffness
are weakened, resulting in inconsistent effects across different blood glucose lev-
els. Additionally, considering that the short-duration power bicycle secondary
load test only induced functional rather than structural changes in blood vessels,
this may also contribute to the more pronounced baPWV reduction in lower
blood glucose populations compared with hyperglycemic populations. Short-
duration aerobic exercise increases blood flow velocity, generating shear stress
that induces vascular endothelial cells to release prostaglandins, nitric oxide,
and other vasodilatory factors, causing vascular smooth muscle relaxation and
improving vascular function, thereby improving arterial stiffness [34-36]. How-
ever, hyperglycemic populations may exhibit impaired vascular endothelial cell
function and dysregulated nervous system activity, leading to compromised ar-
terial function [37] that may result in less significant baPWV improvement after
aerobic exercise.

Improving lifestyle and controlling multiple risk factors remain primary pre-
ventive measures for cardiovascular disease, and various guidelines recommend
aerobic exercise as the main healthy lifestyle approach. Systematic reviews
and meta-analyses indicate that long-term aerobic exercise is needed to reduce
arterial stiffness in adults [26]. However, our results show that a single ses-
sion of aerobic exercise can also reduce peripheral arterial stiffness. Related
studies suggest that the effect of short-duration aerobic exercise on baPWV
represents a functional rather than structural change [26], meaning this change
is not sustained and will return to baseline levels. Since short-duration aerobic
exercise cannot provide sufficient stimulus to promote structural changes in ar-
teries, increasing the frequency or total duration of aerobic exercise may help
maintain the beneficial effects on arterial stiffness over time to achieve struc-
tural improvements. For hyperglycemic populations, more aggressive exercise
prescriptions may be needed to provide sufficient stimulus to induce arterial
structural changes to counteract the adverse effects of hyperglycemia. There-
fore, clinicians should design different aerobic exercise protocols for different
populations to improve arteriosclerosis and delay vascular aging.

In summary, a single session of aerobic exercise can improve arterial stiffness,
with immediate post-exercise reductions in arterial stiffness, but hyperglycemia
attenuates this beneficial effect. This study is a large-sample study based on a
young population in northern China, and few previous studies have examined
the immediate effects of aerobic exercise on arterial stiffness in different blood
glucose level populations. However, several limitations exist. First, the study
population is heterogeneous, consisting only of young men, which limits the
generalizability of the findings to middle-aged, elderly, or female individuals.
Second, blood glucose values were determined based on a single fasting glu-
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cose measurement, which may introduce some misclassification bias regarding
glycemic status. Finally, due to site constraints, this study could only obtain a
single measurement at one time point after the secondary load test and did not
precisely define “immediate,” which means the results have some limitations in
generalizability. Future studies with repeated measurements of arterial stiffness
after aerobic exercise are needed to further investigate whether and for how long
the beneficial effects of aerobic exercise on arterial stiffness persist.
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