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Abstract

ated with high AL (OR=2.93, 95%CI: 1.73~4.94, P<0.05).

Background: Physical activity (PA) deficiency, outdoor time reduction during college have been associated with
higher cumulative physiological burden as measured by allostatic load (AL). Therefore, the present research sought to
analyze the independent and interaction effects of PA and outdoor time on AL in college students.

Methods: A cross-sectional survey was conducted in two universities from April to May 2019. Self-assessment ques-
tionnaire and International Physical Activity Questionnaire Short Version (IPAQ-SF) were used in the investigation, AL
level was assessed according to the results of biochemical examination, blood pressure and human body morpholog-
ical measurements. Binary Logistic Analysis was used to analyze the relationships between PA, outdoor time and AL.

Results: The prevalence of low PA, low outdoor time and high AL were 16.3%, 71.1% and 47.6%, respectively. Low PA
(OR=1.83, 95%Cl: 1.20~2.78) and low outdoor time (OR=1.90, 95%C/: 1.35~2.67) are independently associated with
high AL (P<0.05, for each). Interaction analysis indicated that low PA and low outdoor time were interactively associ-

Conclusions: There were the significant independent and interaction effects between PA and outdoor time on AL. In
the future, college students’ physical education can be arranged reasonably to reduce the health risks.
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Introduction

The concept of AL was introduced by McEwen and Stel-
lar in 1993 [1] and it offers a comprehensive index for
understanding how exposure to environmental stressors
during development can lead to a result of multi-system
maladjustment and poor health. As a comprehensive
index [1], AL involves multi-system including the sympa-
thetic adrenomedullary system (SAM), the hypothalamic
pituitary adrenal (HPA) axis, indices of inflammation,
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immune functioning, lipid metabolism and it’s important
to use clinimetric approach for a more comprehensive
assessment of allostatic load and overload. Therefore, AL
represents the cumulative effect of daily life experiences
involving both ordinary events (long-standing life situ-
ations) and major challenges (life events), including the
physiological consequences of resulting health damaging
behaviors. Accordingly, when environmental challenges
exceed the individual ability to cope, then allostatic over-
load will occur [1].

Most college students range in age from approximately
18 to 22 years, and college is therefore a transitional
period from adolescence to adulthood. This age-span is
a critical period for the development of healthy lifestyles
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and behaviors that are important throughout the lifes-
pan [2]. However, under the double burden of study and
life, the life style of college students has changed, which
is characterized by less physical activities (PA), espe-
cially outdoor activities [2]. According to the latest World
Health Organization (WHO) survey, about 80 per cent
of adolescents worldwide do not meet the recommended
level of PA per day [3].

In addition, numerous studies have shown that less PA
is one of the important risk factors for health, less PA is
associated with cardiovascular disease, type 2 diabetes,
colon cancer, and other important diseases [4, 5]. The
health consequences of PA and outdoor time involve
multiple physiological systems. Therefore, as a compre-
hensive index, AL can be used to measure the multi-
system influence of PA and outdoor time on organism.
Through the comprehensive index AL, we can under-
stand that how PA and outdoor time gets under the skin
to influence biological processes that are highly relevant
to physical health and mental well-being.

While PA and outdoor time has been linked in sev-
eral studies to metabolic, inflammation and cardiovas-
cular risk among adolescent [6—8], no previous research
directly examined the independent and interactional
influences of PA and outdoor time on cumulative multi-
system dysregulation among college studentsadolescent.
Therefore, the present research first sought to analyze
the independent effects of PA and outdoor time on AL in
Chinese college students, and then sought to explore the
interaction effects between PA and outdoor time on AL.

Material and method

Study participants

The subjects were from the College Student Behavior
and Health Cohort Study, which is an ongoing cohort
designed to focue on behaviors, physical and mental
health in college students from the first year to the third
year in China. Baseline data was analyzed in the pre-
sent study. Firstly, between April to May 2019, two cities
were selected by convenient sampling from Hefei, Anhui
Province, and Shangrao, Jiangxi Province. Then, a medi-
cal university and a comprehensive normal university
were selected based on stratified cluster sampling. We
randomly selected two colleges from each university and
surveyed all first-year students in each college. The base-
line survey included electronic questionnaires scanned
with smartphones and physical examination. We received
a total of 1 135 valid questionnaires that collected base-
line information on sociodemographic and health-related
factors, and the response rate was 98.6%. In addition, 778
subjects underwent physical examinations, including bio-
chemical examinations, blood pressure and human body
morphological measurements.
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The current study was approved by the Ethics Com-
mittee of Anhui Medical University (No. 20170291).
Written informed consent was obtained from all of the
participants. Free medical examination is available to all
participants. The study excluded people who were taking
medication or undergoing psychotherapy, the final sam-
ple was 729 college students.

Sociodemographic Data

Sociodemographic data for participants were collected
by questionnaire, including age, gender (male or female),
registered residential background (rural or urban), only
child, parents’ education level (less than high school
degree or more), self-reported family economy (bad, gen-
eral or good).

Allostatic load

The subjects of this study were sent to the local third-
class hospitals for medical examination, measurement
of height and weight using a fully automatic electronic
height and weight meter. Height was measured to the
nearest 0.1 cm and weight was measured to the nearest
0.1 kg. BMI was calculated as weight in kilograms divided
by the square of height in meters. Waist measurement
is accurate to 0.1 cm. The subjects had to rest for a few
minutes before their blood pressure was measured, the
resting blood pressure was then measured using an elec-
tronic sphygmomanometer. The subjects were given 5 ml
of fasting venous blood, then lipid/lipoprotein (choles-
terol, high-density lipoprotein, low-density lipoprotein,
triglyceride), fasting plasma glucose, insulin, and high
sensitivity c-reactive protein were measured.

A total of 11 biomarkers from three types of biologi-
cal systems were used to assess AL level of college stu-
dents: Cardiovascular system (cholesterol, high-density
lipoprotein, low-density lipoprotein, triglyceride, systolic
and diastolic pressure); Metabolic system (waist circum-
ference, BMI, insulin and fasting blood glucose); Immune
system (high-sensitivity C-reactive protein). The blood
pressure threshold was defined by the screening for ele-
vated blood pressure among children and adolescents
aged 7~18 years (WS/T 610-2018) [9] Waist circumfer-
ence was defined by the high waist circumference screen-
ing threshold among children and adolescents aged 7~18
years (WS/T 611-2018) [10]. The threshold of BMI was
defined by the screening for overweight and obesity
among school-age children and adolescents (WS/T 586-
2018) [11]. The other biomarkers refer to the demarca-
tion standard of AL index of college students by Currie
CL et [12]. The specific threshold criteria are shown in
Table 1.

Each biomarker is defined a value according to the
threshold criteria, biomarkers above the threshold
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(high-density lipoprotein below the threshold) are
defined a score of 1. The total AL score was obtained by
sum of 11 biomarkers, and the range of score was 0~11.
The higher the score, the more serious the physiological
systems dysregulations was. In this study, AL score<2
was defined as low level and >2 as high level [13].
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outdoor time [16]. Weekday outdoor time was measured
by“In the last 4 weeks, the average daily daytime outdoor
time was minutes on weekdays?”. Free day outdoor
time was measured by “In the last 4 weeks, the average
daily daytime outdoor time on the head without cover
was minutes on free days?”

Total outdoor time = (outdoor time on weekdays x 5 + outdoor time on free days x 2)/7

Physical activity

The International Physical Activity Questionnaire Short
Version (IPAQ-SF) was used to measure PA of college stu-
dents in the past week [14, 15]. PA level was divided into low
physical activity (LPA = 3.3 metabolicequivalent [METs]),
moderate physical activity (MPA = 4.0 METs) and above.

A certain intensity of physical activity level = the activ-
ity corresponding to the Met assigned value x weekly fre-
quency (d) x daily time (min)

The criteria for low physical activity level are no physi-
cal activity reported or energy expenditure not enough
to the MPA criteria. The moderate physical activity and
above level is any combination of activities of three inten-
sity ranges of at least EE >600 MET min/week.

Outdoor time
Two questions from the Young Risk Behavior Surveil-
lance System questionnaire were modified to measure

Table 1 Threshold criteria for AL biomarkers (N=729)

Variables Means +=SD  Threshold
criteria for AL
biomarkers
Males Females

Cardiovascular

Cholesterol (mmol/L) 408 + 0.69 >6.10 >6.20
High-density lipoprotein (mmol/L) 1.44 £+ 0.27 <122 <145
Low-density lipoprotein (mmol/L)  2.08 +0.50 >276 >282
Triglyceride (mmol/L) 0.89 + 044 >2.16 >167
Systolic pressure (mm Hg) 11513 4£1289 >140 >140

Diastolic pressure (mm Hg) 70.93 +9.08 >90 >90

Metabolic
Waist circumference (cm) 71.05 4+ 7.80 >83.0 >76.1
BMI (kg/mz) 2071 £ 257 >238 >239
Insulin (ulU/mL) 546 + 4.56 >20 >20
Fasting blood glucose (mmol/L) 455+ 041 >58 >55

Immune

High-sensitivity C-reactive protein
(mg/L)

Total AL score

1.12+£2.02 >8 >8

1.59£1.16

BMI Body Mass Index, AL Allostatic load, SD Standard Deviation

Referring to the Action for a healthy China (2019) [17],
the study subjects were divided into two groups with 2h
as the cut-off value, >2h as the high level, <2h as the low
level.

Covariates

Health behaviors included cigarette use, alcohol use,
quality of sleep and symptoms of depression. Two ques-
tions from the Young Risk Behavior Surveillance System
questionnaire were modified to measure current cigarette
and alcohol use. Cigarette use was measured by “How
many days did you smoke during the past month?” Alco-
hol use was measured by “How many days did you have at
least one drink during the past month?” The answers are
recoded into “yes” or “no” Quality of sleep was assessed
by the Pittsburgh Sleep Quality Index (PSQI).

Statistical analysis

Statistical analysis was performed using SPSS version
23.0 (Statistical Package for the Social Sciences). The
Chi-square test was performed to compare the incidence
of AL level among different sociodemographic variables,
PA, and outdoor time. Binary logistic analysis was used
to analyze the relationships between PA, outdoor time
and AL. Odds ratios (ORs) and 95% confidence intervals
(95%Cls) were calculated for the explanatory factors and
adjusted for confounding factors, including quality of
sleep, sex, smoking and self-reported family economy.
Statistical significance was set at P<0.05.

Results

Characteristics of participants

Table 2 depicts the sample characteristics. There were
responses from 729 college students aged between 16
and 22 years old (mean £ SD: 19.0+3.07 years), 237
were males (32.5%) and 492 were females (67.5%). The
high level of AL was detected in 47.6% (347/729) of col-
lege students, female students’ AL level higher than
males (P<0.05). College students with higher economic
status were more likely to experience higher level of AL
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Table 2 Distribution of demographics characteristics of college
students (N=729)
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Table 3 Detection rate of AL level in college students of
different outdoor time and PA

Variables AL level x> Pvalue Variables AL level X Pvalue
Low (n=382) High (n=347) Low (n=382) High (n=347)

Gender 1421 <0.001 Total outdoor time 20.13  <0.001
Males 148 (62.4) 89 (37.6) High 138 (65.4) 73 (34.6)
Females 234 (47.6) 258 (52.4) Low 244 (47.1) 274 (52.9)

Registered residence 041 0524 Free day outdoor time 9.26  0.002
Rural 209 (51.4) 198 (48.6) High 122 (61.6) 76 (38.4)
Urban 173 (53.7) 149 (46.3) Low 260 (49.0) 271 (51.0)

Only child 0.18 0670 Work day outdoor time 29.20 <0.001
Yes 96 (51.1) 92 (48.9) High 114 (71.3) 46 (28.8)
No 286 (52.9) 255 (47.1) Low 268 (47.1) 301 (52.9)

Paternal education 024 0622 PA 7.18 0.007
<12 years 338 (52.1) 311 (47.9) Moderate and above 333 (54.6) 277 (45.4)
>12 years 44 (55.0) 36 (45.0) Low 49 (41.2) 70 (58.8)

Maternal education 040 0526 AL allostatic load, PA physical activity
<12 years 358 (52.1) 329 (47.9)
>12 years 24 (57.1) 18 (42.9)

Household economic 877 0012 Associations of PA, outdoor time and AL

status After adjusting for confounding factors including sex,
High 12 (30.0) 28 (70.0) smoking and self-reported family economy, results from
Moderate 289 (54.2) 244 (45.8) binomial logistic regression analysis showed that low
Low 81(51.9) 75 (48.1) PA (OR=1.83, 95%CI: 1.20~2.78) and low outdoor time

Cigarette use 1883 <0.001 (OR=1.90, 95%CI: 1.35~2.67) are independently associ-
Yes 39 (83.0) 8(17.0) ated with high AL (P<0.05, for each, Table 4). Then, we
No 343 (503) 339(49.7) stratified the data based on work day, free day, the results

Alcohol use 382 0051 showed that both work day outdoor time (OR=2.41,
Yes 92 (59.4) 63 (40.6) 95%CI: 1.63~3.58) and free day outdoor time (OR=1.51,
No 290 (50.5) 284 (49.5)

Quality of sleep 0.027 0871
High 334 (52.5) 302 (47.5) Table 4 Logistic regression analysis of outdoor time, PA level
Low 48 (516) 45 (48.4) and AL of college students

The figures in () are composition ratio or detection rate/%
AL Allostatic load

(P<0.05). Compared with smokers, non-smoking college
students showed higher levels of AL (P<0.05).

The Distribution Characteristics of PA and Outdoor Time
Table 3 depicts the distribution characteristics of PA
and outdoor time. College students who were low PA
reported higher rates of AL (58.8% VS 45.4%, respec-
tively, P=0.007). Higher rates of AL were also observed
in those with low level of outdoor time (52.9% VS
34.6%, respectively, P<0.001). Further analysis of
work days and free days shows that college students
who were low free day outdoor time (51.0% VS 38.4%,
respectively, P=0.002) or low work day outdoor time
(52.9% VS 28.8%, respectively, P<0.001) reported
higher rates of AL.

Variables Crude MODEL Adjusted MODEL ®
OR (95%C/) Pvalue  OR(95%Cl) Pvalue

Total outdoor time

High 1 1

Low 2.12(1.52~3.00) <0.001 1.90 (1.35~2.67)  0.001
Free day outdoor time

High 1 1

Low 1.67 (1.20~2.34)  0.002 1.51(1.07~2.12) 0019
Work day outdoor time

High 1 1

Low 2.78 (1.90~4.07)  <0.001 241(1.63~3.58)  <0.001
PA

Moderate 1 1
and above

Low 1.72(1.15~2.56)  0.008 1.83(1.20~2.78)  0.005

AL allostatic load, PA physical activity, 95%C/ 95% confidence interval, OR odds
ratio

@ Adjusted MODEL controlled quality of sleep, household finances, gender and
smoking
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95%CI: 1.07~2.12) are independently positively associ-
ated with AL (P<0.05, for each, Table 4, Fig. 1).

Interactions of PA, and outdoor time with AL

The results of regression analyses examining the inter-
actions of PA and outdoor time with AL were shown in
Table 5. Table 5 shows crude and adjusted OR (95%CI)
for AL in those with low PA or low outdoor time, low PA
or high outdoor time, high PA or low outdoor time com-
pared with the reference group (high PA or high outdoor
time). There was a positive interaction effects between
PA and outdoor time on AL (P<0.05), low PA college stu-
dent with low outdoor time were more likely to be with
high AL (OR=3.07, 95%CI: 1.86~5.07). After adjusting
for confounding factors, the positive interaction effects
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Discussion

This study assessed, for the first time, the independent
and interaction effects between PA and outdoor time
on AL, a measure of biological multi-system dysregula-
tion among a sample of 729 Chinese college students.
The prevalence of low PA, low outdoor time and high AL
were 16.3%, 71.1% and 47.6%, respectively. Participants
with low PA and outdoor time exhibit higher AL.

We observed that 16.3% and 71.1% of the participants
had low PA and low outdoor time, which was similar to
Brazilian adolescents (PA: 16.2%) [18] and slightly lower
than Chinese rural adolescents (outdoor time: 82.0%)
[19]. PA deficiency and outdoor time reduction of college
students is a common phenomenon, which has become
a public health problem all over the world, which may be

remained significant (OR=2.93, 95%CI: 1.73~4.94, related to heavy academic load and too much sedentary
P<0.05) (Table 5). time of college students.
: O Crude MODEL
- D —— M Adjusted MODEL
Total Outdoor Time
- : —a—
- : —a—
Free day Outdoor Time .
7 .
- E [ | 1
. ol 1
Work day Outdoor Time .
. . I i i
Physical activity :
- ‘—a—
1 T T T 1
0 1 2 3 4
Odds ratio (95%C/)
Fig. 1 Associations of Physical activity, outdoor time and Allostatic Load

Table 5 Interactions of PA, Outdoor time and AL in College Students

Outdoor timexPA Crude MODEL Adjusted MODEL ?

B OR (95%Cl) P value B OR (95%Cl) P value
HighxModerate and above 1 1
Highx Low 0.93 2.54 (1.00~6.46) 0.050 1.10 3.01(1.14~7.99) 0.027
Low x Moderate and above 0.79 2.19(1.53~3.14) <0.001 067 1.96 (1.14~2.84) 0.001
LowxLow 112 3.07 (1.86~5.07) <0.001 1.07 293 (1.73~4.94) <0.001

AL allostatic load, PA physical activity, 95%Cl 95% confidence interval, OR odds ratio
@ Adjusted MODEL controlled quality of sleep, household finances, gender and smoking
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We investigated high AL in 47.6% of participants,
which was the same as Calcaterra V’s investigation
(53.6%) [20]. However, another study in the United
States [21] showed that the detection rate of high level
(score>2) of AL among college students was 79%, which
was higher than our study. More than half of college stu-
dents are at Al high level, which may be due to insulffi-
cient physical activity and lack of outdoor time [22, 23].

Independent effects

Previous studies have also explored the relationship
between PA and outdoor time and AL. Forrester SN
et al. reported that moderate to high PA was beneficial
for lower AL [22]. Findings from the Generation XXI
birth cohort revealed that negative association between
outdoor time and AL in adolescence, suggesting that
the exposure of green environment may contribute to
improve adolescent health [23]. D’Alessio et al. also dis-
cusses the beneficial effects of yoga as a kind of PAs on
physical health and the reduction of AL [24]. Thus, it can
be inferred that low PA and low outdoor time exposure
can lead to elevated levels of AL in college students, lead-
ing to increased health risks.

In addition, in our study, we didn’t find a difference in
the relationship between free day outdoor time, work
day outdoor time, and AL levels. We not only observed a
positive association between short free day outdoor time
and high AL, but also observed a positive association
between work day outdoor time and Al. It’s the opposite
of a study of rural Chinese teenagers [25], work day out-
door time was associated with cardiovascular and meta-
bolic health, while free day outdoor time was not found
to be associated. It possibly because college students have
more freedom to schedule outdoor time on work days
and free days.

Interaction effects

Although there have been a few studies have illuminated
significant independent effects between PA and out-
door time on AL. Yet study on the interaction effects of
PA and outdoor time on AL is lacking. In fact, increas-
ing outdoor time has been shown to be an important
strategy for increasing PA levels, increasing the outdoor
time and the level of PA the same time have a more obvi-
ous impact on the health of the body [4]. A systematic
review by Thompson Cocoon | et al. suggests that the
health benefits of PA outdoors are greater than those of
PA indoors [26].

The review from Gorman S et al. indicated that out-
door time could synergise with physical activity to pre-
vent metabolic dysfunction, particularly that related to
lifestyle diseases of obesity, type 2 diabetes and metabolic
syndrome [27]. A series of new studies have shown that
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outdoor physical activity has varying degrees of impact
on metabolism, cardiovascular and immune systems [28,
29], which can be used as indirect evidence to support
the effect of PA and outdoor time interaction on AL. In
the meantime, our study provides further evidence of the
positive interaction effect between low PA and low out-
door time on AL and produce the different degree influ-
ence to the organism each physiological system.

Biological mechanism

AL reflects the cumulative effect of stress in daily life, as
a multi-system comprehensive index, it can be used as
an early predictor of poor health or function. Our study
found a correlation between AL and PA and outdoor
time, which were generally consistent with emerging evi-
dence from research on physical fitness development of
adolescent [29], research on PA outdoor of college stu-
dents suggesting that low level of PA and outdoor time
could have an adverse effect on physical health and
appeared to be associated with increased activation in
the nervous, cardiometabolic and immune systems.

The present research adds to a growing base of evi-
dence that suggests positive PA and outdoor time act as
mechanisms that modify biological pathways associated
with health risk. Chung WK et al. reported that low level
PA outdoor adolescents be associated with higher BMI
among a prospective study of the Netherlands [30]. A
recent intervention study from Wuhan, China, revealed
that PA outdoor improves the metabolic profile, cardi-
orespiratory fitness and insulin sensitivity in university
students [31]. Contrepois K et al. conducted a study on
the biological effects of PA on cardiovascular, meta-
bolic and immune pathways. The results showed that,
PA is associated with inflammatory response [32]. Less
PA induced an undesirable inflammatory response with
increased transcripts of ‘B cell receptor, ‘NF-kB signal-
ing’ and many interleukin signaling pathways. They also
detected many pathways associated with cardiovascular
related signaling highlighting the correlation between
PA and cardiovascular health. As our research has shown
that low PA and outdoor time exposure can affect physi-
ological processes in college students.

Research Prospect

Studies are now increasingly reporting on allostatic load
in younger populations, including children and adoles-
cents [12]. However, elderly people have higher AL lev-
els than other groups due to their lack of physical activity
and outdoor time in old age, as well as long-term experi-
ence of various chronic stresses. Therefore, in the future,
researchers can further explore the impact of PA and out-
door time on other populations, especially the elderly AL.
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Limitations and Strengths

Some aspects of the study constitute possible limi-
tations. First, the cross-sectional analysis precludes
causal interpretation, and further longitudinal studies
are needed to establish a causal relationship between
PA and outdoor time and Al. Second, there are con-
founding factors including neighborhood quality,
whichcontribute to AL that may not have been meas-
ured and included in analyses. Third, this study used
self-report to evaluate the PA and outdoor time, so it
may not be able to avoid reporting bias; however, the
large sample size available for analysis reduces the like-
lihood of this having a meaningful impact on the results
presented here. At last, the study objects were all col-
lege students, which have their own group characteris-
tics, so the study may have selection bias, the results of
the study to the general population extrapolation may
be limited. However, these data were randomly selected
which allows control for socioeconomic confounders
and provides strong support for an association between
PA, outdoor time and AL. Despite these limitations,
this study makes several contributions that could have
important implications. Our study uses AL as a com-
prehensive index to objectively and quantitatively eval-
uate the biological functions of multiple systems, which
is superior to single-dimensional biomarkers. This
study also addresses a gap in the literature by examin-
ing the independent and interaction effects between PA
and outdoor time on AL in college student. Last but not
least, we focus on the health risks of college students
and emphasize the impact of early risk exposure on the
whole life cycle.

Conclusions

In our study, PA and outdoor time are cross-sectional
associated with AL, with interactions of PA and out-
door time on AL. This research extends previous find-
ings on the detrimental effects of PA and outdoor time
by exploring and proposing a biological mechanism by
which it exert effects on physical health. In the future,
college students’ physical education can be arranged
reasonably, and outdoor activities can be advocated to
reduce the health risks of college students.
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