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Title: Health-Related Quality of Life in Adolescent Athletes: Correlations with Energy

Availability, Disordered Eating, and Compulsive Exercise Behaviors

Abstract:
Context: Low energy availability, disordered eating, and/or compulsive exercise behaviors may
negatively impact health-related quality of life (HRQOL), and this has not been studied

specifically in adolescent athletes.

Objective: Assess the correlations of HRQOL with energy avail rdered eating, and

, o <
compulsive exercise in adolescent athletes. \

Design: Cross-sectional
Setting: A single sports medicine @nt n al athletic partnerships

Participants: 13-18-year-oldymal emale athletes who were actively engaged in at least

one organized spo atithe®ime of study participation

Main Outcome Measures: Participants completed the Pediatric Quality of Life Inventory
(PedsQL), the Eating Disorder Examination Questionnaire (EDE-Q), the Compulsive Exercise
Test (CET), and seven days of exercise monitoring (via wrist-worn heart rate activity monitor)

and dietary intake reporting to assess energy availability.

Results: Sixty-four participants (n=39 female, mean age=15.5+1.5 years) completed the study.

There were no significant associations between energy availability (3= -0.07, 95% CIl=-0.32,

$S900E 98] BIA GZ-60-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy woll papeojumoc]



28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

55
56

0.19, p= 0.56) or CET scores (p=-0.28, 95% CI=-1.28, 0.72, p= 0.58) and PedsQL scores, but
there was a significant association between EDE-Q scores (= -4.78, 95% Cl=-8.53, -0.76, p=
0.01) and PedsQL scores, after adjusting for participant sex. We observed a significant

association between female sex and lower PedsQL scores (8= -6.43, 95% Cl=-12.1, -0.76, p=

0.03).

Conclusion: Adolescent athletes who reported more significant disordered eating behaviors
demonstrated worse HRQOL. Female athletes reported worse HRQOL overall compared to the

male athletes. This highlights the importance of screening and earl n for disordered
eating behaviors to prevent the potential negative impact P HRQOL, ell as the

consideration of sex-specific differences regarding HRQOL in‘adoleéscent athletes.

Keywords: Health-related quality of life, disor@ating, compulsive exercise, energy

availability, adolescent athlete

Abstract Word Count: 67 ’\
Manuscript Word Count: 336

Key points:

1. More signific ered eating behaviors, even at a subclinical level, were
associated with worse health-related quality of life in male and female adolescent
athletes.

2. Clinicians who work with adolescent athletes should be aware of the negative impact

disordered eating can have on health-related quality of life, emphasizing the importance

of screening and early intervention for disordered eating behaviors in athletes.
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Introduction:

Health-related quality of life (HRQOL) includes the physical, social, and psychological
domains that influence quality of life (QOL) relative to one’s health." HRQOL has become
increasingly recognized as an important outcome used to measure overall pediatric well-being.?
Adolescent athletes report better HRQOL than their non-athlete peers, likely secondary to the
myriad physical and psychosocial benefits of regular physical activity and organized sport
participation.® Despite these numerous benefits, adolescent athletes are at risk for the sequelae
of low energy availability (i.e. inadequate caloric intake to support nor physiological
functioning after accounting for energy expended through exercise K high levels of
exercise energy expenditure and poor nutrition patterns th@t caflllead toinsufficient nutritional
intake.* Low energy availability can lead to relative enérgy defiei in sport (REDs), a
condition which includes multiple negative effects on pRysical and psychological health and

sports performance.® Despite the known healtmrformance impairments associated with

low energy availability/REDs, the relation

¢

adolescent athletes has not beep,ex

energy availability and HRQOL in

X
Low energy availability isk of malnutrition can occur due to unintentional

inadequate energy in ered’eating and/or compulsive exercise behaviors.® Disordered

eating includes purp strictive eating behaviors, pathogenic behaviors to control weight
or shape, and preoccupation with food and/or one’s body weight or shape.” Compulsive
exercise includes driven exercise behaviors for the purpose of preventing or reducing distress
that continue despite interference in daily routines, the presence of injury, or lack of enjoyment.?
Disordered eating is associated with lower HRQOL in adolescents,” but this has not been
assessed specifically among adolescent athletes, who may be more vulnerable to disordered
eating behaviors than their non-athlete peers secondary to internal and external pressures of

t.10

the sport environment.™ Similarly, while more severe compulsive exercise behaviors correlate

with lower HRQOL in adults, """ this relationship has not been explored in the adolescent
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athlete population. Adolescent athletes face unique challenges, such as peer or coach
pressures to fit an “ideal” body type, weight cycling, and pressure to optimize performance,
which can put them more at risk for low energy availability, disordered eating, and compulsive
exercise.”"® Understanding the associations of energy availability, disordered eating, and
compulsive exercise behaviors with HRQOL is important for healthcare providers, coaches, and
parents to better care for and support adolescent athletes. If HRQOL is lower in athletes with
low energy availability, disordered eating, and/or compulsive exercise behaviors, we can tailor
interventions to specifically address QOL concerns. While some of these, associations have

4,6,9,11

been studied in isolation, no studies to date have integrated e of elements into a
S

single investigation. Therefore, the aims of this study were‘o ess lationships of
HRQOL with energy availability, disordered eating, ap@’'compUlsivelexercise in adolescent
athletes. We hypothesized that lower energy availabili ore disordered eating and

compulsive exercise behaviors would be asso@vith lower HRQOL in male and female

adolescent athletes.

¢

Methods: \

Study Participants:

We conducte s=sectional study of adolescent athletes who were recruited from a
single sports medicine center, local high schools, club sport organizations, and community
events. We included male and female participants ages 13-18 years old who were actively
engaged in at least one organized sports team (e.g. high school team, club team, or recreation
center league) at the time of study enroliment. We excluded those with an active or prior clinical

eating disorder diagnosed by a healthcare professional, athletes currently under the care of a

dietitian, and injured athletes not actively participating in their sport.
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Study Procedures:

Local Institutional Review Board approval was obtained prior to study commencement.
Written informed assent/consent was obtained from participants and their legal guardian if under
the age of 18 years. At the initial assessment, participants completed a series of questionnaires
including a health history, the Eating Disorder Examination Questionnaire (EDE-Q),™ the
Compulsive Exercise Test (CET)," and the Pediatric Quality of Life Inventory (PedsQL)."® Sex
was determined based on participant self-report as “male” or “female,” and gender identity

information was not collected. Body mass index (BMI) was calculated from height and weight

obtained at the visit. All participants completed a dual energy x-ray% etry (DXA) scan

of the total body to obtain body composition data. P &

Subsequently, participants underwent a one- k pen\) xercise monitoring via
wrist-worn actigraphy as well as a dietary intake assesSment. A trained research professional
provided participants with a wrist-worn heart r ivity monitor (Fitbit Inspire 2 device, FitBit,
San Francisco, CA, USA) and assistancegwi mup a nutrition tracking application on their
smartphone (MyFitnessPal, Inc. n’ s onh how to record each exercise session with the
wearable activity monitor and tX dietary intake with the phone application were

given. Adequate time

ovided for questions/answers to ensure that the participant (and

family) understood the g requirements and were able to complete them for the following
week. Participants also were provided with a paper log to record exercise and dietary intake if
the activity monitor and phone application were not functioning, not available for data collection,
or per participant preference.

For seven consecutive days after the initial visit, all participants recorded each exercise
session (via wrist-worn actigraphy, paper log, or both), and all dietary intake (via the phone
application, paper log, or both). The research professional monitored the participants’ data

records and provided reminders to complete data collection if missing data was noted in the

applications at any point during the one-week monitoring period. Following this monitoring
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period, the participant and a parent met virtually with either the research professional and/or the
consulting sports dietitian to review the data and ensure accuracy of the records. If participants
used the paper logs in addition to the activity monitor and phone application to record data, the
data from both sources was reconciled. The research team used the United States Department
of Agriculture Five-Step Multiple Pass method and portion size guides to validate any
unmeasured portions for dietary intake."” For exercise sessions not captured by the activity
monitor (e.g. if the participant was required to remove the device for competition), metabolic
equivalents were calculated based on exercise sessions recorded in t aper log. After
X

jture were

verification of all data entries, daily energy intake and exercise eneg

analyzed and subsequently used in energy availability calwla ions.

Disordered eating: The Eating Disorder, ination Questionnaire (EDE-Q) is a 36-item

Outcomes Measures:

questionnaire used to aide in the diagnosi isorders." The questionnaire asks
respondents to rate the frequen g‘ isofidered eating thoughts/attitudes in the prior 28 days on
a 7-point scale from “No days” teg y,” and the frequency of disordered eating behaviors

(such as binging and g selffreported number of episodes in the prior 28 days. There

are four subscales: ating concern, shape concern, and weight concern. The global
score is calculated by summing the subscale scores and dividing by four. Higher scores are
indicative of more severe disordered eating behaviors (range 0-6). There are published
normative EDE-Q scores for adolescent girls and boys."®"

Compulsive exercise: The Compulsive Exercise Test (CET) is a 24-item questionnaire
evaluating components of compulsive exercise behaviors, including the five subscales of
avoidance and rule-driven behavior, weight-control exercise, mood improvement, lack of

exercise enjoyment, and exercise rigidity. "> It asks respondents to rate how much they relate

to a statement on a 6-point scale from “Never” to “Always true.” Subscale scores are obtained
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163 by taking the average of the sum of points within each subscale, and the total score is

164 calculated as the sum of the mean score for each subscale. Higher scores reflect more severe
165  compulsive exercise behaviors (range 0-25)."

166 Health-related quality of life: The Pediatric Quality of Life Inventory (PedsQL) is a 23-
167 item questionnaire designed to evaluate HRQOL in children and adolescents by assessing
168  physical, emotional, social, and school functioning domains.? The questionnaire includes

169 statements about these topics, asking the respondents to rate how much they relate to each
170 statement on a 5-point scale from “Never” to “Almost always.” Items age reverse scored and
171  then linearly transformed to a 0-100 scale. A higher total score refl be RQOL." A

172  psychosocial health summary score is calculated as the mgan he of the emotional,
173  social, and school functioning scale scores, and a physical N mmary score is the same
174  as the physical functioning scale score.?'
175 Energy availability: Energy availability Iculated for each participant using the

176  equation: Energy availability = [energy in mexercise energy expenditure (kcal)] / fat
177  free mass (kg).” Energy intake % r energy expenditure were quantified as described
178 above. Fat free mass (FFM) w :erom the total body DXA scan data. Daily energy
179  availability was calcu en averaged across the seven-day monitoring period for each
180 participant.

181

182  Statistical Analysis:

183 Data are presented as mean (SD) for continuous variables and the number within group
184  (corresponding percentage) for categorical variables. Descriptive statistics were performed to
185 evaluate demographics, physical activity and nutrition characteristics, and questionnaire scores
186  for the study sample. We used Pearson’s R correlations to assess the relationships between
187 PedsQL scores and energy availability, EDE-Q, and CET scores. We selected Pearson’s r

188  correlations because, given our sample size (n=64) and the Central Limit Theorem's assurance
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of normality in the sampling distribution,?* we determined that Pearson’s r was an appropriate
and interpretable method for evaluating associations between continuous measures in this
context. Correlations were considered low <0.39, moderate (+)0.4-0.59, moderately high
(£)0.60-0.79, and high =(+)0.80. As a post-hoc analysis, we also assessed the correlation
between EDE-Q and PedsQL psychosocial health summary scores and physical health
summary scores. In addition, we constructed multivariable linear regression models to assess
the association between energy availability, EDE-Q, and CET scores (predictors) with PedsQL

scores (outcome), while adjusting for the effect of participant sex (covariate). We adjusted for
&ur predictors and

participant sex because of past research suggesting that sex influe
outcome of interest.?*?*?>?® e performed standard lineargeg s@nostics, including
examining residual plots for linearity, homoscedasticifif,"and approximate normality to ensure
the data conformed to regression assumptions. This in€ltided assessment of residual plots and

computing adjusted R? to gauge generalizabil%ﬁonally, we assessed multicollinearity via

variance inflation factors (VIF), with all predigt biting VIF <1.02, confirming minimal

collinearity. Statistical significan WX t o= 0.05. All analyses were two-sided and
performed using Stata StatisticalgSo re? Version 18 (StataCorp, LLC, College Station, TX,

USA).

Results:

There were 65 participants from a variety of sports enrolled in the study, of which 64
completed the entire protocol (98% retention rate; 60% female participants, average
age=15.5+1.5 years, Table 1). Sixty-five participants completed all questionnaires, but only 64
participants (25 males, 39 females) completed exercise and dietary intake data collection and
were included in the final analysis. Table 1 outlines the exercise, energy intake, body
composition, and energy availability data, as well as the average scores on the PedsQL, EDE-

Q, and CET questionnaires among the male and female participants. We used established
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clinical cutoffs to categorize energy availability as low (< 30 kcal/kg FFM), subclinical (30-40
kcal’kg FFM/day in males, 30-45 kcal’kg FFM/day in females), and optimal (> 40 kcal/kg
FFM/day in males, > 45 kcal/lkg FFM/day in females).?”?® Using these cutoffs, the proportion of
female participants demonstrating low energy availability was 21%, subclinical was 49%, and
optimal was 31%. For the male participants, 27% demonstrated low, 23% demonstrated
subclinical, and 50% demonstrated optimal energy availability measurement.

There was no significant correlation found between PedsQL scores and energy

availability (Pearson r = -0.11, p=0.39) or CET scores (Pearson r = -OgSi p=0.51). However,

(Pearsonr = -

there was a low inverse correlation found between PedsQL and ED
0.30, p=0.02). Furthermore, we identified a low correlatlon&et\& scores and the
PedsQL psychosocial health summary scores (Pear: , 0.007), but a weak

correlation between EDE-Q and the PedsQL physical

0.13, p=0.31).
Results from the multivariable lin ion models demonstrated no significant

association of energy availability, r’x ores'with PedsQL scores, after adjusting for

Ith summary scores (Pearson r = -

participant sex (Table 2). Ther s ificant association between higher EDE-Q scores and

lower PedsQL scores 3 ting*for participant sex (Table 2). For every 1-point increase in

@ re decreased by an average of 4.78 points, adjusting for the

effect of participant sex. Across all models, we observed a significant association between

EDE-Q score, the P

female sex and lower PedsQL scores (Table 2).

Discussion:

Our data indicate that those with more significant disordered eating behaviors
demonstrated lower HRQOL among both the male and female athletes, while HRQOL was not
significantly associated with energy availability or compulsive exercise behaviors. The female

athletes reported lower HRQOL overall than the male athletes in our sample.
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The finding of an inverse correlation between disordered eating behaviors and HRQOL
aligns with what has been previously reported in the literature in non-athlete populations. A
recent systematic review and meta-analysis demonstrated that disordered eating behaviors and
attitudes were associated with impaired HRQOL in children and adolescents from school- or
community-based studies (vs. study samples with specific disease conditions such as obesity).°
To our knowledge, there are no other published studies examining this relationship specifically
in the adolescent athlete population. It has been shown that the minimal clinically important

difference (MCID) for PedsQL total score is a 4.36 point change.'® The,MCID is defined as the
e beneficial and

smallest difference in a score of a domain of interest that patients p, iv

that would direct a change in the patient’s management.16¥Ve erage 4.78 point
decrease in PedsQL score for every 1 point increase #f EDE-Qyscobe among our study sample,
after adjusting for participant sex. This suggests that disordered eating behaviors (i.e.
increase in 1 point or more on the EDE-Q) are iated with a reduction of self-reported
HRQOL (i.e. a 4.78-point decrease on th @

thus, representing a change tha g be perceived as meaningful to the patient and
treating healthcare profession &&d eating may contribute to lower HRQOL in

adolescents through i

xceeding the established MCID value and

ce With social functioning, academic functioning, and

sustaining peer relatio 303132 This is supported by our finding of a low, significant

correlation between EDE-Q and the PedsQL psychosocial health summary scores, which
reflects emotional, social, and school functioning. Furthermore, there are many psychological
risk factors (e.g. body dissatisfaction, low self-esteem, perfectionism) and sociocultural factors
(e.g. peer, coach, and media pressures, weight stigma) associated with disordered eating in
athletes,” and the presence of these factors may also influence/reduce HRQOL. Future studies

should examine the various mediators that may exist in the relationship between disordered

eating and HRQOL in the young athlete population.

10
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Disordered eating can be conceptualized on a continuum, with the progression to a
clinical eating disorder (e.g. anorexia nervosa) on the most severe end of the spectrum.®® It is
important to consider the severity of disordered eating behaviors in our study sample. Using
normative values for EDE-Q scores in adolescent girls'® and adolescent boys,'® the average
global score for the female athletes was below average, but was above average for the male
athletes, in our sample. Despite these differences, the association between more severe

disordered eating behaviors and reduced HRQOL persisted after adjusting for sex. Generally,

subscale or global scores of 4 or higher indicate greatest risk for a clinical eating disorder.
While no one in our sample reached this threshold, we still found a &n between lower
HRQOL and subclinical disordered eating behaviors. Thesg fi gs%formative for
clinicians who should not underestimate the impact ofgeven mile orsubclinical disordered eating
behaviors on HRQOL in both male and female adolesCent athletes. It also highlights the
importance of screening for disordered eating oviding nutrition and mental health
resources if these behaviors are identifie @hasizing support for the potential negative
consequences on HRQOL in th * letes. Optimizing HRQOL could include support in
)

navigating difficulties with actividi ily living and school functioning, challenges with peer

relationships, and progessing otions.
We did not o ignificant correlation between HRQOL and energy availability. We
recognize there are inherent limitations in measuring energy availability outside of a
laboratory,* and methodological limitations could have influenced our findings. Our study
participants reported lower energy intakes compared to calculated estimated energy
requirements using the National Academies’ equations,®® suggesting possible under-reporting of
energy intake despite our careful efforts to ensure accuracy through our methodology. Further
discussion of the study findings related to energy availability have been published elsewhere.*

Keeping in mind that under-reporting of dietary intake may have led to inaccurately low energy

availability measurements, those with lower energy availability in our sample did not report

11
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lower HRQOL. It would be expected that those experiencing the physiological, psychological,
and/or performance impairments accompanying low energy availability (as described in the
REDs model)’ would lead to worse HRQOL. However, we did not directly examine signs or
symptoms of low energy availability (e.g. gastrointestinal distress, sleep disturbance, decreased
training response and recovery) in our study. Future research should include the assessment of
symptomatology of low energy availability and its influence on HRQOL in athletes.

Our results did not support our hypothesis that more compulsive exercise behaviors
would be associated with worse HRQOL. One possible explanation is ghat the CET scores for
our sample were relatively low and may not have been severe eno &nce HRQOL.
Compulsive exercise is associated with poor HRQOL in a@Itsﬂi%disorders.”’38
Additionally, one study of adult recreational exercisersfand aN

und more compulsive

exercise behaviors correlated with higher levels of an , depression, and stress and lower

self-esteem and life satisfaction, even after ad@‘or eating disorder symptoms."'" Other

studies have shown compulsive exercise
impairment, and depression,’? a x impair HRQOL. However, a study of adults who
were considered exercise-addi on the Exercise Addiction Inventory) showed no

significant difference jg

sSQciated with increased risk of injury, social

ompared to the control group.® More research is needed to

better understand t hip of compulsive exercise and HRQOL in adolescent athletes,

who may be vulnerable t0 develop compulsive exercise behaviors due to pressures to perform
in their sport.

Female athletes demonstrated lower HRQOL than male athletes in our sample, which is
consistent with what has been previously reported in the literature. Female adolescents (not
specifically athletes) demonstrated poorer HRQOL, worse life satisfaction, and more

40,41

psychological distress than male adolescents, and similar findings also were noted among

adolescent athlete populations.?** While athletes generally report better HRQOL than non-

12
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athletes,? clinicians, coaches, and parents should recognize that female athletes may be more
at risk for lower HRQOL than their male athlete peers.

Our study had several limitations. As noted above, the methodological limitations of
energy available measurement should be considered. We attempted to address potential
inaccuracies in energy availability measurement by having multiple data sources of dietary and
exercise data collection (paper and electronic records) for each participant, sending regular
reminders to participants to complete data collection, and verification of the data at the

conclusion of the monitoring period via interview with the research tea .. Other limitations

include the biases associated with self-report questionnaires,*? % ct that the EDE-

Q and CET are not specific to athlete populations (althougath&O

used in athletes).™* Finally, our findings may not be g€neral

only accepted and
other populations outside

of the single geographic area in which the study was ¢ ucted, or to non-athlete populations

as there was no control group of adolescents ere not participating in organized sports
included. Additionally, a large proportl pants in our study were soccer athletes,
and sport type may have influen ults

In summary, the findiggs of@ur udy demonstrated that worse HRQOL, particularly in

significantly associated with more severe disordered eating

es. However, we did not find significant associations with HRQOL
and energy availability or compulsive exercise behaviors. Additionally, our data supports the
existing research showing that female adolescent athletes have worse HRQOL compared to
their male athlete peers. Clinicians, coaches, and parents should be aware of the negative
impact disordered eating, even at a subclinical level, can have on HRQOL, emphasizing the
importance of screening and early intervention for disordered eating behaviors and efforts to

optimize HRQOL in adolescent athletes.

13
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Table 1. Demographics, health history, physical activity, and questionnaire scores of
male and female athlete groups. Continuous variables are represented as mean (SD), and
categorical variables are presented as n (%).

Variable Male Participants Female Participants
(n=26)? (n=39)%
Age (years) 15.3 (1.3) 15.6 (1.6)
American Indian or Alaska
Native Asian 2 (8%) 0(0%)
Black or African-American | 1 (4%) 1 (3%)
Race Native Hawaiian or Pacific o o
Islander 0(0%) 1(3%)
White 24 (92%) 34 (87%)
Unknown or not reported | 0 (0%) 4 (10%)
Hispanic or Latino/a 4 (15%)
Ethnicity | Not Hispanic or Latino/a 21 (81%)
Unknown or not reported | 1 (4%)
Height (cm) 172.6 (9.0)
Weight (kg) 61.2 (13.7) d :
BMI (kg/m?) 20.7 (3.7) 0.4 (2.9)
Sex-specific BMI-for-age percentile 47.0 (27.2) 45.7 (23.5)
Soccer 9 (35%) 16 (41%)
Football 3 (12%) 0 (0%)
Volleyball 0 (0%) 6 (15%)
Baseball/softball 1(3%)
Basketball 0 (0%)
. Swimming/diving 1 (3%)
SPFr)gr:tary Cross Country 6 (15%)
Track and Field" 2 (5%)
Dance 3 (8%)
Lacrosse ) 0 (0%)
Tennis 0 (0%) 1 (3%)
Ice Hocke 0 (0%) 1 (3%)
None li 1(4%) 2 (5%)
Moderate-to-Vigorou
Activity (Minutes/Day) 71.4(35.2) 61.8(374)
Light Physical Activity (Minutes/Day) | 227.7 (60.9) 263.5 (51.6)
Step count (mean steps/day) 10,429 (3,694) 10,631 (3,799)
Mean daily exercise energy
expenditure (kcalld) 562.9 (296.1) 435.0 (228.2)
Body fat percentage 20.6 (6.8)% 28.0 (6.2)%
Fat free mass (kg) 46.5 (13.9) 38.7 (5.4)
Mear) daily energy intake (mean 2277 (437) 2001 (405)
calories consumed/day)
Energy availability (kcal/kg-FFM/day) | 36.0 (12.4) 40.4 (12.2)
Global EDE-Q score 0.7 (0.8) 0.7 (0.7)
Total CET score 10.7 (3.2) 11.1 (2.8)
PedsQL score 87.7 (10.6) 81.2(12.4)
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#N=65 participants completed all questionnaires, but only 64 participants (25 males, 39
females) completed the full protocol.

® Including all running and field events

°Did not select a primary sport but was still active in an organized sport

X
0\&%
%,
N\
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Table 2. Multivariable linear regression results describing the association between
predictor variables and PedsQL while adjusting for sex. B coefficients provided are non-

standardized.

95% Confidence

Model 1 B coefficient P value
Interval

Energy availability -0.07 -0.32, 0.18 0.56

Sex -6.23 -12.4,-0.10 0.04

Model 2 B coefficient 95% Confidence P value
Interval

EDEQ score -4.78 -8.53, -1.03 0.01

Sex -6.43 -12.11, -0.76 0.03

Model 3 B coefficient 95% Confidence alue
Interval

CET score -0.28 -1.28,0.72 8

Sex -6.34 -12.30,4£0.3 0.04

N\

%,

SS900E 93l} BIA GZ-60-GZ0Z e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



	tp
	ms
	Article File
	Table 1
	Table 2




