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Abstract

Objective: This randomized controlled trial examined the effects of a 12-week Baduanjin intervention performed in a low-temperature
environment (0-4°C) on resting heart rate (RHR), heart rate variability (RMSSD), blood pressure, and fasting glucose in college students. Eighty-
seven participants aged 18-20 were allocated to a control group (prolonged sitting), a regular exercise group (1 h, 5 times/week), or the Baduanjin
group (low-temperature Baduanjin). RHR and RMSSD were measured daily (Polar H10); blood pressure and glucose were monitored with validated
devices. In the Baduanjin group, RHR decreased significantly from 84.14+5.76 to 75.49+6.80 bpm, and RMSSD increased from 35.38+12.26 to
47.7248.71 ms (P<0.05), with greater improvements than the regular exercise group (RHR: 83.93+6.71 to 76.88+6.07 bpm; RMSSD: 35.97+11.74
to 44.28+10.89 ms). The control group showed no significant changes. Systolic and diastolic blood pressure and fasting glucose did not change

significantly across groups (P>0.05). Thus, low-temperature Baduanjin effectively reduced RHR and enhanced RMSSD, outperforming regular free
exercise and offering a practical health promotion strategy for college students in cold northern winters.
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Introduction

The China Climate Bulletin (2024) indicates that winter in
northern China has become characterized by elevated tempera-
tures. In 2024, a total of 33 cold air processes will impact China,
including 5 cold wave events. This figure represents an increase of
3.9 cold air processes compared to the historical average, while the
number of cold wave processes remains consistent with the previ-
ous average at 5.4. The cold wave at the beginning of the year re-
sulted in a marked decrease in temperatures and had a widespread
effect. Although there is no extended period of extreme low tem
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peratures during the northern winter, regional low-temperature
events occur with regularity. Additionally, due to the specific needs
of college students, such as course schedules and outdoor physi-
cal activities, the average daily exposure to low temperatures can
reach 2 to 3 hours. This makes college students a significant demo-
graphic exposed to low-temperature environments. Prior research
has demonstrated that the duration of aerobic endurance exercise
among college students in low-temperature settings is significantly
longer than in normal-temperature conditions (Han et al.,, 2025).
This finding indicates that moderate low-temperature environment
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training for college students may significantly enhance their sports
performance in normal temperature conditions, thereby offering
new insights for optimizing sports training programs [1].

Among the various exercise modalities suitable for integration
into the low-temperature training regimen, the traditional Qigong
exercise Baduanjin is particularly notable for its unique movements
and health-promoting attributes. Baduanjin, a traditional Chinese
gigong practice originating in ancient China, harmonizes the body
and mind. It is characterized as a medium to low-intensity fitness
method comprising eight distinct, gentle, and slow movements and
postures (Koh, 1982) [2]. This practice emphasizes the coordina-
tion of physical and mental focus, the symmetry of postures and
movements, and the harmony of breathing and meditation. Bad-
uanjin not only facilitates the unblocking of meridians but also aids
in regulating the balance of Yin and Yang and the circulation of qi
and blood (An et al,, 2013) [3].

College students are at a critical stage for acquiring knowledge
and cultivating healthy behaviors, exhibiting significant plasticity
(Hutchesson et al.,, 2021) [4]. Most health-related behaviors are
established during late adolescence and early adulthood (Ballard
etal, 2019) [5]. During this developmental phase, college students
are particularly susceptible to metabolic diseases, such as obesity,
potentially linked to the increasing integration of digital technology
into daily life. A sedentary lifestyle has become increasingly prev-
alent among teenagers and college students globally (Castro et al.,
2020) [6]. This trend has contributed to a decline in body size, phys-
ical function, and overall quality of life. Furthermore, due to limited
rest periods and prolonged sitting, college students often experi-
ence reduced motor function, which is evident in body asymmetry
and diminished trunk stability (Ge et al.,, 2021) [7]. An increasing
body of evidence suggests that Baduanjin training offers significant
benefits in enhancing physical functions, mental health, cognitive
abilities, and reducing the risk of chronic diseases among the elder-
ly with various health conditions(Cheng, 2015; Wang et al,, 2021;
Zou et al., 2018) [8-10], Additionally, a separate study has demon-
strated that practicing Baduanjin at room temperature can improve
proprioception, flexibility, and explosive power in the lower limbs
of college students (Li et al, 2015) [11]. Nevertheless, there re-
mains a paucity of research regarding the effects of Baduanjin prac-
tice on the physical fitness of college students in northern China
during winter. Therefore, this experiment investigates the influence
of Baduanjin in a low-temperature environment on the health of
college students and posits the following hypothesis: Regular par-
ticipation in Baduanjin practice in a low-temperature environment
can significantly enhance the physical fitness levels of young college
students.In this study, we categorized college students into three
groups to investigate the effects of regular Baduanjin exercise in a
low-temperature environment on their health indicators.

Research Methods and Design
Research Design

This parallel controlled trial evaluates the effects of Baduan-
jin exercise conducted in a low-temperature environment on the
physical health indicators of college students. A total of 87 eligible
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students from Yulin University were recruited and assigned to the
control group, the regular exercise group, and the experimental
group in a 1:1:1 ratio. Relevant indicators were measured every
Friday morning.

Participants

A total of 87 college students, aged 18 to 20, were recruited
from Yulin University for this study. Prior to participation in the
relevant activities, each student underwent a physical examination,
and their health histories were obtained from the university’s med-
ical staff. The specific exclusion criteria included the following: (1)
any diagnosed disability or disease that could influence training
responses and heart rate (HR); (2) any medication that may affect
HR; and (3) cardiovascular diseases, musculoskeletal disorders, or
contraindications to exercise.

Intervention Methods

1. Experimental Group: Participants in the experimental
group convened daily at 6 a.m. in an environment with a tem-
perature ranging from 0°C to 4°C and a relative humidity of
30%, aligned with their habitual physical activity levels. They
practiced Baduanjin exercise for one hour, five days a week,
over a 12-week intervention period. The Baduanjin sessions
were supervised by two qualified coaches with over five years
of experience in physical education. The training program ad-
hered to the “Health-Preserving Qigong - Baduanjin” guidelines
issued by the General Administration of Sport of China, encom-
passing 10 postures, including both the starting and concluding
positions.

2. Regular Exercise Group: Participants in the regular exer-
cise group engaged in jogging for one hour each day, five days a
week, for a duration of 12 weeks.

3. Control Group: This group consisted of college students
who engaged in prolonged periods of sitting.

Test Indicators

1.  Resting heart rate (RHR) refers to the heart rate of an
individual while awake and at rest, serving as a fundamental
indicator of cardiovascular system function. This measurement
was obtained in a quiet sitting position. Subjects wore a Polar
H10 sensor heart rate monitor to facilitate the collection and
recording of relevant data.

2. RMSSD: This metric denotes the root mean square of the
differences between adjacent normal cardiac cycles and serves
as a primary time-domain indicator of Heart Rate Variability
(HRV), measured concurrently with resting heart rate.

3.  Blood pressure (BP): This includes systolic blood pres-
sure, which represents the maximum pressure in blood vessels
during the heart’s systolic phase, and diastolic blood pressure,
which reflects the resistance in blood vessels during diastole.
An Omron HEM-7132 upper arm electronic blood pressure
monitor was utilized for these measurements. Prior to mea-
surement, subjects remained seated and still for 15 minutes.
Measurements were taken three times consecutively, with a
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one-minute interval between each, and the average value was
calculated.

4.  Fasting blood glucose (FBG) reflects the homeostasis of
glucose metabolism. The Roche ACCU-CHEK Guide Me portable
fingertip blood glucose meter was employed for measurement.
Prior to measurement, the fingertip was disinfected with 75%
alcohol, and the second drop of blood was collected for testing.

Statistical Analysis

Analyses were performed using SPSS (version 23.0; IBM Corp,
Armonk, NY) and Microsoft Excel 2016 software.Descriptive statis-
tics for all variables were computed, and values were reported as
mean * SD with a 95% confidence interval (CI). Sample distribu-
tion for resting heart rate (RHR) and root mean square of succes-
sive differences (RMSSD) in the afternoon was assessed using the
Polar H10 sensor heart rate monitor. Blood pressure was measured
with the Omron HEM-7132 upper arm electronic sphygmomanom-
eter, while fasting blood glucose was assessed using the Roche AC-
CU-CHEK Guide Me portable fingertip blood glucose meter. To eval-
uate differences in measurements before and after the intervention,
RHR, RMSSD, systolic blood pressure, diastolic blood pressure, and
fasting blood glucose were determined on a weekly basis.

Results

The baseline resting heartrates of the three subject groups prior
to the various activity interventions were comparable (87.97+9.13
bpm in the control group, 83.93+6.71 bpm in the conventional ex-

ercise group, and 84.14+5.76 bpm in the experimental group), with
no significant differences observed between the groups (P > 0.05)
(Table 1). This indicates that the baseline characteristics of the
three groups are similar. Post-intervention heart rate changes re-
vealed that the resting heart rate of the control group experienced
a slight increase (93.21+8.67 bpm), although this change was not
statistically significant (P = 0.0740). In contrast, the resting heart
rates of both the conventional exercise group and the experimental
group significantly decreased following the intervention, reaching
76.88+6.07 bpm and 75.49+6.80 bpm, respectively. These differ-
ences were highly significant compared to the pre-intervention
values (all P < 0.0001). A two-factor analysis of variance indicated
a significant main effect of time (F = 9.924, P = 0.0019), and the
interaction effect between groups and time was also highly signifi-
cant (F = 15.72, P < 0.0001). These findings suggest notable differ-
ences in the patterns of resting heart rate changes over time among
the different groups. The results depicted in the box plot (Figure 1)
aligned with the statistical analysis. The positions of the box plots
for the three groups prior to the intervention were similar, indi-
cating no difference in baseline levels. Following the intervention,
the box plot for the control group showed no significant change,
whereas the box plots for both the regular exercise group and the
experimental group exhibited significant decreases (as indicated in
the figure, * * and * * * correspond to P < 0.01 and P < 0.001, re-
spectively). This visually illustrates the impact of exercise interven-
tion on reducing resting heart rate, with no significant difference
observed between the two exercise intervention methods (Figure
1 & Table 1).
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Table 1:
Control Regular exercise Experimental F P
Before 87.97+9.13 83.93+6.71 84.14+5.76
RHR(bpm) 9.924 0.0019
After 93.21+8.67 76.88+6.07 75.49+6.80
Before 31.79+11.80 35.97+11.74 35.38+12.26
RMSSD(ms) 10.75 0.0013
After 27.41+9.62 44.28+10.89 47.7248.71
Before 129.07+13.72 125.86+11.95 120.31£10.60
SBP (mmHg) 2.306 0.1307
After 124.48+15.26 124.83+12.83 117.3249.54
Before 81.45+7.65 84.21+10.93 76.066.07
DBP (mmHg) 2.137 0.1457
After 79.97+13.14 80.17+7.12 75.59+6.90
Before 5.60+0.65 5.70+0.49 5.35+0.35
FBG (mmol/L) 0.09788 0.7548
After 5.55+0.91 5.89+0.81 5.12+0.47

The baseline levels of RMSSD (Table 1) among the three subject
groups prior to the various activity interventions were comparable,
with values of 31.79+11.80 ms in the control group, 35.97£11.74
ms in the conventional exercise group, and 35.38+12.26 ms in the
experimental group. Statistical analysis revealed no significant dif-
ferences between the groups (P > 0.05), indicating that the baseline
characteristics were similar across all groups. Post-intervention
changes in RMSSD were observed as follows: in the control group,
RMSSD exhibited a slight decrease to 27.41+9.62 ms, although this
change was not statistically significant (P > 0.05). In contrast, RMS-
SD in both the regular exercise group and the experimental group
increased significantly after the intervention, reaching 44.28+10.89
ms and 47.72+8.71 ms, respectively. These differences compared to
baseline measurements were significant (P < 0.05 for the conven-
tional exercise group and P < 0.001 for the experimental group). A

two-factor analysis of variance indicated a significant main effect
of time (F = 10.75, P = 0.0013), and the interaction effect between
groups and time was also significant, suggesting notable differenc-
es in the patterns of RMSSD changes over time among the differ-
ent groups.The results depicted in the box plot (Figure 2) aligned
with the statistical analysis. The positions of the box plots for the
three groups prior to the intervention were similar, indicating no
significant difference in baseline RMSSD levels. Following the inter-
vention, the box plot for the control group exhibited no significant
change, while the box plots for both the conventional exercise group
and the experimental group showed a marked upward shift (in the
figure, * and * * * correspond to P < 0.05 and P < 0.001, respective-
ly). This visually illustrates the positive impact of the exercise inter-
vention on RMSSD, with the experimental group demonstrating a
more pronounced improvement (Figure 2).
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No statistically significant changes were noted in systolic blood
pressure (SBP), diastolic blood pressure (DBP), or fasting blood
glucose (FBG) before and after the intervention or between groups
(Table 1) (SBP: F = 2.306, P = 0.1307; DBP: F = 2.137, P = 0.1457;
FBG: F = 0.09788, P = 0.7548). Thus, the intervention plan did not
significantly affect the blood pressure or fasting blood glucose lev-
els of the subjects.

Discussion

The research findings indicate that both low-temperature Bad-
uanjin intervention and simple regular exercise can enhance the
resting heart rate (RHR) and root mean square of successive dif-
ferences (RMSSD) in college students, with the low-temperature
Baduanjin demonstrating a superior effect. However, neither inter-
vention method produced a statistically significant impact on the
blood pressure or fasting blood glucose levels of the participants.

In this study, no significant difference was observed in the base-
line resting heart rate (RHR) among the three groups of subjects
prior to the intervention, thereby ensuring the reliability of the
intervention results. Following the intervention, the RHR of both
the regular exercise group and the experimental group decreased
significantly, whereas that of the control group exhibited a slight
increase. Notably, the reduction in the experimental group was
more pronounced. These findings suggest that exercise interven-
tion effectively improves the resting heart rate of college students,
and the combined effects of a low-temperature environment and
Baduanjin may further enhance this regulatory effect. The primary
mechanism underlying the substantial reduction of RHR in college
students subjected to low-temperature Baduanjin intervention is
the precise complementarity between physiological adaptation to
mild cold stress and the characteristics of medium- and low-in-
tensity exercises inherent in Baduanjin.From the perspective of
low-temperature stress, mild cold exposure at temperatures rang-
ing from 0 °C to 4 °C can activate the body’s cold adaptation mech-
anisms (Castellani & Young, 2016) [12,13].This exposure promotes
an increase in nitric oxide release from the vascular endothelium,
enhances vascular endothelial diastolic function, and reduces pe-
ripheral vascular resistance. Consequently, it significantly lowers
the myocardial pumping load at rest, thereby satisfying the body’s
blood oxygen supply requirements without necessitating a high
heart rate (Flavahan & Flavahan, 2020) [14,15]. Additionally, low
temperatures can stimulate the metabolism of brown adipose tis-
sue (Cannon & Nedergaard, 2004) [16,17], optimizing the body’s
energy distribution pattern and improving the energy utilization
efficiency of myocardial cells. This further reduces the heart’s
workload and establishes a physiological basis for the reduction of
resting heart rate (RHR) (Marvanova et al., 2023) [18]. Considering
the characteristics of Baduanjin exercise, which is recognized as a
medium to low-intensity health-preserving activity standardized
by the General Administration of Sport of China, its slow, symmetri-
cal, and relaxed limb movements contrast sharply with the high-in-
tensity stress associated with conventional exercise. This distinc-
tive approach helps to mitigate the additional cardiovascular strain
that can arise from abrupt increases in heart rate during physical
activity(Chen et al., 2020) [19]. Additionally, the abdominal breath-
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ing emphasized in the training regimen can effectively increase
thoracic volume, enhance pulmonary ventilation and gas exchange
efficiency, and improve blood oxygenation. This, in turn, ensures a
more adequate supply of oxygen to the myocardium, indirectly low-
ering the threshold for maintaining resting heart rate (RHR). This
effect synergizes with cold acclimatization, ultimately leading to a
significant reduction in RHR (Shi et al., 2024) [20]. In contrast, the
control group, without any intervention, experienced a slight in-
crease in RHR. This observation suggests that, during the northern
winter, university students lacking targeted exercise interventions
may face functional decline in their cardiovascular systems due to
cold exposure and a sedentary lifestyle. This finding underscores
the necessity of implementing winter exercise interventions for
university students in cold regions(Chen et al.,, 2024) [21].

The experimental group exhibited a greater increase in RMSSD
and statistical significance compared to the regular exercise group,
whereas the control group experienced a slight decrease. These
findings suggest that the Baduanjin intervention in a low-tempera-
ture environment has specific and synergistic effects on enhancing
autonomic nerve function in college students, which represents a
key advantage over regular exercise alone. The mechanism under-
lying the significant increase in RMSSD during low-temperature
Baduanjin intervention involves the organic synergy between the
activation of the vagus nerve by low temperatures and the precise
regulation of autonomic nerve balance achieved through the in-
tegrated training of “body adjustment - breath adjustment - mind
adjustment” inherent in Baduanjin.Short-term mild cold exposure
transmits neural signals via peripheral cold receptors, activates the
dorsal nucleus of the vagus nerve in the medulla oblongata, enhanc-
es the vagus nerve’s regulatory influence on the sinoatrial node of
the heart, increases the variability of adjacent cardiac cycles, and
provides a neurophysiological basis for the improvement of RMS-
SD (Jungmann et al., 2018) [22]. The integrated training model of
Baduanjin is crucial for optimizing the balance between the sym-
pathetic and vagus nerves. Focused meditation during the mental
adjustment stage inhibits excessive excitation of the cerebral cortex
and reduces central activation of the sympathetic nerve. Deep and
slow abdominal breathing during the breathing adjustment phase
enhances the cardiovascular regulatory effect of the vagus nerve
and increases heart rate variability by modulating the respiratory
rhythm (Wang et al,, 2024) [23]. Meridian unblocking and limb co-
ordination training in the body adjustment stage improve the pe-
ripheral conduction pathways of the autonomic nerve and enhance
the efficiency of neural signal transmission (An etal., 2013) [4]. The
interplay among the three factors causes the balance between the
sympathetic and vagus nerves in the body to tilt toward vagal dom-
inance, ultimately resulting in a marked increase in the RMSSD val-
ue. The primary reason for the superior improvement in RMSSD ob-
served in the experimental group compared to the regular exercise
group is the absence of standardized intensity and rhythm control
in the latter.In this study, the regular exercise group allowed sub-
jects to engage in physical activity based solely on their preferenc-
es, without standardizing the types and intensities of exercise. This
approach likely resulted in repeated activation of the sympathet-
ic nervous system due to fluctuations in exercise intensity, there-
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by disrupting the balance of the autonomic nervous system (Miki
& Yoshimoto, 2018) [3], and limiting improvements in RMSSD. In
contrast, the Baduanjin intervention for the experimental group
was conducted under the guidance of professional coaches and ad-
hered to the standardized protocol established by the General Ad-
ministration of Sport of China. The consistent movement rhythm
and controllable exercise intensity maintained a stable regulatory
environment for the autonomic nervous system, thereby minimiz-
ing stress-induced fluctuations. Consequently, the enhancement
of RMSSD was both more significant and sustainable. The RMSSD
in the control group exhibited a slight decrease, suggesting that
exposure to low temperatures and a sedentary lifestyle may con-
tribute to a reduction in vagus nerve tension and diminished au-
tonomic nerve regulatory function among college students(Chen
et al,, 2024).This finding further substantiates the protective and
enhancing effects of low-temperature Baduanjin intervention on
autonomic nerve function.

No statistically significant changes were observed in systolic
blood pressure, diastolic blood pressure, and fasting blood glucose,
both before and after the intervention and between groups. This
finding sharply contrasts with the significant changes noted in rest-
ing heartrate (RHR) and root mean square of successive differences
(RMSSD). The primary reasons for this discrepancy may be closely
related to the physiological baseline characteristics of college stu-
dents, the duration of the intervention cycle, and the inherent regu-
latory characteristics of the indicators themselves. Specifically, the
baseline levels of blood pressure and blood glucose among college
students are within normal physiological ranges, and the fluctua-
tion of these indicators is relatively minor.All subjects selected for
this study were healthy college students who did not have cardio-
vascular diseases or contraindications to exercise. Their blood pres-
sure and fasting blood glucose levels were within the normal range,
and no abnormal indicators were observed under pathological con-
ditions. Consequently, significant statistical changes were challeng-
ing to detect through short-term exercise interventions (Medicine,
2013). In contrast to indicators such as resting heart rate (RHR)
and root mean square of successive differences (RMSSD), which are
highly sensitive to exercise interventions, blood pressure and blood
glucose serve as indicators of homeostasis. Their regulation is gov-
erned by multiple systems, including the nervous, humoral, and en-
docrine systems, contributing to their strong stability. Significant
physiological adjustments are likely to occur only under long-term
and targeted interventions.The characteristics of the intervention
cycle and the methods employed constrain the extent of changes
observed in the indicators. The intervention period for this study
spanned 12 weeks, representing a short-term intervention that
had not yet achieved the threshold necessary for regulating blood
pressure and glucose homeostasis. Furthermore, the combined ef-
fects of the low-temperature environment and Baduanjin create a
“bidirectional balance” regarding blood pressure. While low tem-
peratures exert a slight vasoconstrictive effect, potentially leading
to a modest increase in blood pressure (Sun, 2010). The meridian
unblocking effects of Baduanjin and abdominal breathing promote
vasodilation. This interplay between the two factors contributes to
the overall stability of blood pressure, resulting in no significant
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statistical changes.College students exhibit no insulin resistance,
abnormal glucose metabolism, or other related issues concerning
fasting blood glucose. Their daily dietary intake and energy expen-
diture are relatively balanced. While the intervention of low-tem-
perature Baduanjin may exert a minor regulatory effect on glucose
metabolism, it has not disrupted the homeostasis of glucose me-
tabolism within the body. Consequently, only minor fluctuations are
observed, which have not attained statistical significance.

Conclusion

We observed that in a low-temperature environment ranging
from 0°C to 4°C, Baduanjin intervention significantly reduced rest-
ing heart rate (RHR) and increased the root mean square of suc-
cessive differences (RMSSD) among college students. The overall
improvement was more pronounced than that achieved through
regular exercise alone. Conversely, cardiovascular-related indi-
cators among college students who remained sedentary without
intervention exhibited a negative trend. Furthermore, none of the
intervention methods employed in this study demonstrated a sta-
tistically significant effect on blood pressure or fasting blood glu-
cose levels in healthy college students. This lack of effect may be at-
tributed to the normal baseline of these steady-state indicators and
the fact that the short-term 12-week intervention did not meet the
regulatory threshold. Consequently, we have identified a method
for implementing moderate low-temperature environment training
for college students, thereby offering new insights for the optimiza-
tion of sports training programs.
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