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ABSTRACT

Poor physical fitness contributes to the early progression of
cardiometabolic disease, yet the physiological and psycho-
logical factors underpinning poor fitness in at-risk adolescents
are not well understood. In this study, we sought to determine
the relationship of physical fitness with two developmental
phenomena of adolescence, insulin resistance and depression/
anxiety symptoms among at-risk youth. We conducted second-
ary data analyses of 241 overweight or obese adolescents
(12-17 years), drawn from two study cohorts. Insulin sensitiv-
ity index was derived from oral glucose tolerance tests. Ado-
lescents self-reported depressive symptoms and anxiety symp-
toms on validated surveys. A walk/run test was administered
to determine perceived exertion and physical fitness (distance
traveled). Insulin sensitivity was positively associated with walk/
run distance (b=0.16, P<0.01), even after accounting for all
covariates. Anxiety symptoms were inversely related to per-
ceived exertion (b=-0.11, P<0.05), adjusting for covariates.
These findings suggest that insulin resistance and anxiety
symptoms are associated with different dimensions of physical
fitness in overweight or obese adolescents and could both po-
tentially contribute to declining fitness and worsening meta-
bolic outcomes in at-risk youth.

The progressively earlier onset of preventable lifestyle-related dis-
eases has become an alarming public health issue among adoles-
cents in the United States. In particular, type 2 diabetes is increas-
ingly prevalent in adolescents, especially adolescent females from

historically disadvantaged racial/ethnic groups [4]. Early onset of
type 2 diabetes is associated with a more severe and aggressive dis-
ease course, necessitating a better understanding of the potential-
ly modifiable precursors to cardiometabolic disease [23].
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A modifiable risk factor, poor physical fitness, caused by insuf-
ficient moderate-to-vigorous physical activity and high amounts
of sedentary behavior [8], is correlated with reduced insulin sensi-
tivity in adolescents, above and beyond the effects of adiposity and
body mass index (BMI; kg/m?2) [1]. Adolescence is marked by a no-
table decrease in moderate-to-vigorous physical activity and anin-
crease in sedentary behavior, especially in girls from historically
disadvantaged racial/ethnic groups [15, 24], potentially exacerbat-
ing the pubertal increases in insulin resistance [14]. Conversely, the
decreases in insulin sensitivity accompanying puberty also have
been posited to lead to fatigue, triggering adolescents’ withdraw-
al from physical activity and subsequently, poorer fitness [3].

In addition, adolescence is notable for a rise in affective distur-
bances, including internalizing symptoms of depression and anxi-
ety [18], which may contribute to declining physical activity and
fitness during this stage of development [24]. In adults, symptoms
of depression and anxiety have been associated with obesity, phys-
ical inactivity, poor physical fitness, and type 2 diabetes [19, 28, 34].
Although there is a smaller body of literature examining these as-
sociations among adolescents, existing data suggest that adoles-
cent depressive symptoms relate to less reported physical activity
over time, possibly due to the vegetative symptoms of depression
such as fatigue and psychomotor retardation [13]. Social isolation,
which frequently accompanies depression and anxiety symptoms,
also may play arole [9].

In the current study, we sought to evaluate how both insulin
sensitivity and symptoms of depression and anxiety were associ-
ated cross-sectionally with objectively-measured physical fitness
during walk/run testing in adolescents at heightened risk for car-
diometabolic disease. We hypothesized that insulin sensitivity
would be positively associated with physical fitness, whereas de-
pression and anxiety symptoms would be inversely associated with
fitness. We anticipated that these associations would exist inde-
pendently of current adiposity. We examined these aims and hy-
potheses in two adolescent cohorts; one was a group of over-
weight/obese females with elevated depression symptoms and a
family history of type 2 diabetes, and the other was a group of
males and females with obesity and obesity-related health comor-
bidities. Despite some expected descriptive differences between
the samples by study design (e. g., depression level and degree of
obesity/BMI standard score), we anticipated that the relations of
insulin sensitivity and internalizing symptoms with physical fitness
would be similar across cohorts.

Materials and Methods

Study participants

This study represents a secondary data analysis of two convenience
samples used to address the current research questions.

Cohort 1

Cohort 1 participants were recruited to take part in a behavioral
trial for the prevention of type 2 diabetes (NCT 01425905); the
main outcomes have been reported [29, 30]. Participants were ad-
olescent girls ages 12-17 years who were in good general health,

other than being overweight or obese (BMI = 85t percentile for
age and sex) and all reported a family history of diabetes. Adoles-
cents reported mild-to-moderate depressive symptoms, deter-
mined as a total score > 16 on the Centers for Epidemiologic Stud-
ies Depression Scale [26]. Volunteers were excluded if they had
current psychiatric symptoms requiring treatment; fasting glu-
cose>126 mg/dL; 2-hour glucose>200 mg/dL; pregnancy; use of
medication affecting insulin sensitivity, weight, or mood; and/or
were involved in current psychotherapy or weight loss treatment.
The present analysis uses data only from the baseline assessment.

Cohort 2

Cohort 2 participants were recruited for a medication trial for the
treatment of obesity (NCT00001723). Other exercise-related out-
comes have been reported elsewhere [6, 25, 27, 31]. Participants
were non-Hispanic Black and White adolescent boys and girls
12-17 years with obesity (BMI = 95th percentile for age and sex)
and > 1 obesity-related health co-morbidity, including hyperten-
sion, hyperlipidemia, sleep apnea, hepatic steatosis, insulin resist-
ance, impaired glucose tolerance, and/or type 2 diabetes. Volun-
teers were excluded for current or past medical problems that
would impair exercise testing performance, medication use for
weight loss, psychiatric symptoms that necessitated a referral and
would impede compliance, and pregnancy or nursing in females.
In the present analysis, we included data only from the baseline as-
sessment.

Procedures and measures

Unless otherwise noted, the same method was used in both sam-
ples. All assessments took place in the Mark O. Hatfield Clinical Re-
search Center of the National Institutes of Health. Procedures were
approved by the Institutional Review Board of the Eunice Kennedy
Shriver National Institute of Child Health and Human Development
and were consistent with the ethical standards of Sports Medicine
International Open [11]. Parents/guardians provided written in-
formed consent, and adolescents provided assent to participate.

Anthropometric measurements

Height was measured in triplicate by stadiometer and averaged.
Fasting weight was assessed using a calibrated digital scale. Height
and weight were used to compute BMI (kg/m?), BMI standard score
(z), and BMI percentile for age and sex. Fat and lean mass (kg) were
measured using dual-energy x-ray absorptiometry using either a
Hologic QDR-4500A instrument (Hologic Inc., Waltham, MA, USA)
or iDXA (GE Healthcare, Madison, WI, USA).

Puberty

Pubertal development was determined from physical examination
by an endocrinologist or nurse practitioner using Tanner staging
derived from breast development in females and testicular volume
in males [20, 21].

Physical fitness and perceived exertion

Physical fitness was measured using an individual 12-minute walk/
run shuttle test, running back and forth in a hallway, that has been
shown to correlate with cardiorespiratory fitness as measured dur-
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ing a maximal cycle ergometry test in adolescents with obesity [6].
Participants were instructed to give their best effort by covering as
much distance as possible in 12 min. Total distance traveled was
measured with a measurement wheel. Perceived exertion, refer-
ring to adolescents’ perceptions of degree of effort and intensity
level of their physical activity, was assessed upon completion of the
fitness test with the 20-point Borg Rating of Perceived Exertion
Scale (range =6-20) [2]. Participants were shown a diagram to fa-
miliarize themselves with the rating of perceived exertion scale.

Depression and anxiety symptoms

Adolescents completed widely-used, validated survey instruments
to assess depression and anxiety symptoms in this age group. Ad-
olescents completed questionnaires in a private room and were in-
structed that surveys would ask about their feelings and behavior.
Depressive symptoms were determined using adolescents’ reports
on the reliable and well-validated Children’s Depression Inventory,
a 27-item survey with the total score calculated as the sum of all
items (range =0-54) [16]. Anxiety symptoms were measured using
youth’s report on the 20-item State-Trait Anxiety Inventory for Chil-
dren (STAI-C)-Trait Version, a widely used reliable and valid meas-
ure, calculated as the sum of all items (range =20-60) [32].

Insulin sensitivity

Testing to assess insulin sensitivity was performed in a pediatric re-
search clinic in the morning following an overnight fast, in which
adolescents were asked to refrain from food or drink other than
water, after 10:00 pm the evening before the visit. A 2-hour oral
glucose tolerance test (OGTT) was used to determine insulin sen-
sitivity, calculated as Insulin Sensitivity Index (IS1) using reduced
time points of insulin and glucose at 0 and 120 min [5]. Using only
fasting samples, we also determined insulin sensitivity with quan-
titative insulin sensitivity check index (QUICKI) [10] and insulin re-
sistance with the homeostasis model assessment of insulin resist-
ance (HOMA-IR) formulae [22].

Statistical analyses

Analyses were conducted with SPSS version 23. Data were cleaned
by winsorizing outliers to fall 1.5 times the interquartile range below
the 25th percentile or above the 75t percentile. Characteristics of
cohorts 1and 2 were compared using chi-square for categorical var-
iables and independent samples t-tests for continuous variables. Mul-
tiple hierarchical regression models using listwise deletion to handle
missing data (0.6 %) were used to examine the associations of insu-
lin sensitivity, depressive symptoms, and anxiety symptoms (inde-
pendent variables) with physical fitness, including perceived exer-
tion and total distance traveled (dependent variables). We included
the following covariates in step 1 of the models: race/ethnicity, age,
puberty, height, lean mass, percent adiposity, sex, and study cohort.
In step 2, ISI, QUICKI, or HOMA-IR were entered in separate models.
In step 3, depression and anxiety symptoms were added. We com-
bined cohorts 1 and 2 in the analyses; however, given demographic
differences in the cohorts, by design, we also analyzed the models
separately, stratified by study cohort. Significance was determined
as a P<0.05. Effect sizes were estimated with Cohen’s d (~0.20:
small, ~0.50: medium, >0.80: large).

Results

Sample

Characteristics of the total sample (N=241), as well as differences
between cohort 1 (n=100) and cohort 2 (n=141), are displayed in
> Table 1. Average (SD) age of participants was 14.67 (1.46) years,
with no age difference between samples (P=0.15).

Perceived exertion

» Table 2 displays a summary of regression analyses for perceived
exertion during walk/run fitness testing. Within the combined co-
hort, anxiety symptoms were negatively associated with perceived
exertion (P=0.02; Cohen’s d=0.10), after accounting for all covar-
iates. When the analyses were stratified by cohort, anxiety symp-
toms remained significantin the model including cohort 1 (P<0.05;
Cohen’sd=0.23).

Walk/run distance

> Table 3 summarizes the results for the regression models for
walk/run distance traveled. Accounting for all covariates, insulin
sensitivity by ISl was significantly, positively associated with walk/
run distance (P<0.01; Cohen’s d=0.16). ISl explained 2 % of the
unique variance in walk/run distance (P<0.01), after accounting
for covariates. Parallel effects were observed for insulin sensitivity
measured via QUICKI (Cohen’s d=0.23) and insulin resistance es-
timated with HOMA-IR (Cohen’s d=0.25). When we also explored
controlling for perceived exertion in these models predicting walk/
run distance, the effects of insulin sensitivity/resistance remained
significant.

When analyses were stratified by study cohort, results were sim-
ilar. In cohort 1, the associations of QUICKI (Cohen’s d=0.25) and
HOMA-IR (Cohen’s d=0.31) remained significantly associated with
walk/run distance (P < 0.01), but the association of ISI with walk/
run distance was attenuated (P=0.13; Cohen’s d=0.14). In cohort 2,
the effects for all three indices of insulin sensitivity/resistance re-
mained significant predictors of walk/run distance (P<0.01; Co-
hen’sd=0.17-0.23).

In addition, after including covariates and insulin sensitivity in
the model, depressive symptoms were significantly, inversely as-
sociated with walk/run distance in cohort 2 only (P<0.05; Cohen’s
d=0.19).

Discussion

In the current paper, we conducted a secondary cross-sectional
data analysis of two adolescent cohorts at heightened risk for car-
diometabolic disease. The aim was to determine the relationship
of two developmental phenomena of adolescence - reduced insu-
lin sensitivity and increased depression and anxiety symptoms — to
physical fitness, measured during walk/run testing. In the total
combined sample, anxiety symptoms related to less perceived ex-
ertion, and insulin resistance related to less distance traveled, with
some slight, but potentially meaningful, differences by cohort.
Aninverse association of anxiety symptoms with adolescents’ per-
ceived effort during physical activity was apparentin cohort 1, the fe-
male-only cohort. These participants had more elevated symptoms
of depression and anxiety compared to cohort 2. Our results are con-
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> Table 1 Characteristics of the total sample and differences in characteristics between cohorts 1 and 2.

Total Sample Cohort 1 Cohort 2
N=241 n=100 n=141

Characteristic MSD n, % M£SD n, % MSD n, % P
Sex <0.001

Male 48,19.9% 0,0% 48,34.0%

Female 193,80.1% 100, 100% 93,66.0%
Race|ethnicity <0.001

Non-Hispanic Black 142,58.9% 59,59.0% 83,58.9%

Non-Hispanic White 76,31.5% 18,18.0% 58,41.1%

Hispanic 12,5.0% 12,12.0% 0,0%

Multiple or Other 11,4.6% 11,11.0% 0,0%
Age, y 14.67+1.46 14.83+1.50 14.56+1.42 0.15
BMI z score 231047 1.99+0.48 2.53+0.32 <0.001
Body fat, % 46.35+6.57 43.14£5.76 48.63+6.16 <0.001
Internalizing symptoms

Depressive symptoms 9.87+6.65 13.57+6.10 7.24+5.73 <0.001

Anxiety symptoms 35.03+7.54 38.80+£6.69 32.35£6.96 <0.001
Insulin sensitivity

] 2.67+1.71 2.80+1.90 2.59+1.57 0.36

QUICKI 0.30+0.02 0.31+0.03 6.05+3.33 0.36

HOMA-IR 5.86+3.30 0.30+0.02 5.59+3.26 0.28
12-Min. Walk-Run Test

Distance, m 1176.64+208.20 1220.29+216.40 1146.68+197.25 0.01

Perceived exertion 11.05+3.50 14.42+2.02 8.31+1.47 <0.001
Note: Abbreviations are: M+ SD =mean + standard deviation; BMI z score =body mass index standard score for age and sex; ISI=insulin sensitivity index;
QUICKI = quantitative insulin sensitivity check index; HOMA-IR =homeostasis model assessment of insulin resistance. For perceived exertion, N=219 for
the total sample, n=98 for cohort 1, and n=121 for cohort 2.

sistent with previous research suggesting that women with obesity
experience lower energy and report less pleasure from exercise than
women without obesity [7]. The current findings suggest that anxiety
may be a barrier to engagement in physical activity in heavier adoles-
cents, particularly in girls. Adolescence is notable forincreases in anx-
iety and body dissatisfaction, and adolescent girls who are heavier re-
port greater anxiety and more anxiety specific to body image and phy-
sique than females who are leaner [33]. Exertion relates to likelihood
to achieve fitness, and declining physical fitness is a key contributorin
the progressive course of cardiometabolic disease onset [1]; thus,
strategies for directly addressing this distinct psychological barrier
(e.g., altering the contextual features and/or type of delivery of phys-
ical activity interventions) warrant consideration.

In contrast, depression symptoms related to less distance trave-
led in cohort 2 only, the sample of adolescent girls and boys with
obesity and obesity-related health co-morbidities. This effect is con-
sistent with previous studies showing a relationship of depression to
cardiorespiratory fitness and to prospective declines in physical ac-
tivity over time in adolescents [13,31]. In theory, the vegetative
symptoms of depression, including fatigue, low energy, sleep dis-
ruption, appetite dysregulation, and anhedonia or lack of pleasure
in daily activities, are proposed to contribute to withdrawal from
physical activities, which, in turn, further worsens depressed mood
[13]. Indeed, behavioral activation - scheduling and doing activities
even when one does not feel like it - is an evidence-based interven-

tion for preventing and treating adolescent depression [12]. Address-
ing symptoms of depression may have the potential to encourage
engagement in physical activity that leads to improvements in phys-
ical fitness, and in turn, lessens cardiometabolic risk independent of
weight loss. In the current study, the lack of association of depres-
sive symptoms with physical fitness in cohort 1 cannot be deter-
mined with certainty, but one likely explanation is that this null ef-
fect may be explained by the more restricted variability in depres-
sion symptoms in cohort 1, all of whom were girls reporting some
degree of elevated affective disturbance.

Insulin sensitivity, assessed across multiple indices (ISI, HOMA-
IR, QUICKI), was positively associated with walk/run distance trave-
led. These associations were observed consistently in the combined
sample and across both cohorts examined separately, notably after
controlling for body composition and other possible confounds
(with the exception that the relationship of ISI to walk/run distance
was slightly attenuated in cohort 1). The relationship of insulin sen-
sitivity and physical fitness may be explained by several possible
underlying mechanisms. One possibility is that poorer physical fit-
ness may worsen insulin sensitivity in youth independent of adi-
posity [1]. Youth with recent-onset T2D, for instance, have less
moderate-to-vigorous activity and spend more time engaging in
sedentary behaviors than youth with obesity but no T2D, suggest-
ing a possible putative role for physical activity and fitness in T2D
onset, regardless of degree of adiposity [17]. Alternatively, it is pos-

Bruggink SM et al. Insulin Sensitivity, Depression/Anxiety, and ... Sports Medicine International Open 2019; 3: E40-E47 E43



& Thieme

"Z 10y0d 10} | Z| =U puUE ‘| 1J0Y0D 10} 86 =U ‘9jdwes |30} 3y} 10} 617 =N "due

-1S1S3J UI|NSU JO JUILSSISSE [9POLU SISBISOILIOY = Y|-YINOH X3PUl 32343 ANAIJISUIS UljNsul dAI3EHIUBND = PDIND X3pul ANARISUIS UINSUL = [S] ‘3]qelieA Juapuadap ay3 Ul 10} pajunodde dueliea jo abejuadiad =y
JUBID1Y20D UOIssaIBal paziplepuels =q 10113 pIEPUE)S = 3§ {[BAIIUI DIUSPLYUOD % G6 =D % G6 JUBIDIY0D UoIssaibal pazipiepueisun =g :a1e sUOIILINSIQQY "SI|qeIIeA BZ pue | S|apou Joj buijunodde 1aye ale
S9IBWIISI € [9pouW ‘suolssaibal jeiedas 13}y d7 pue ‘q ‘ez S|I9POIN “[poW 3y} 0jul AU WOy 3. S9IRWIIST "7 HOYoD) = pUe | 310YoD = | Pap0d 10Y0d APNIS "L00°0>d 4 « » "LO'0>d « « ‘G0°0>d » :9ION

10°0=24V 70°0=24V L0'0=23V
60°0=2Y 9L'0=2d 9/°0=24
70— €0°0 [z0°0‘800-] €070~ +€C0- €00 [00'0“vL'0-] . 200- L LL0- 200 [L0°0-‘60"0-]5070- SENY €
oLo €0°0 [60°0 ‘v00-]1 €00 S0°0 ¥0°0 [600°90°0-] 200 90°0 200 [80°0200-] €00 uoissaidag dais
€0°0=23V 00°0=23V 00°0=24V
80°0=2Y z1o=24 +xxGLO=7Y T4
¥0°0- ¥0°0 7 [zo0°LL0-]200- Y00~ 60°0 7 [s1'0°0z0-]€00- 200~ ¥0°0 7 [900°LL0-]200- YI-VINOH daas
€0°0=23V 00°0=23V 00°0=23V
80°0=2Y zLo=z +xxGLO=7Y qz
€10 €29 7 [z90z's0v-]1 1228 ¥0°0 LooL 7 [o1vz86'21-]160€ 500 §9'G 7 [L19°£1°99'7 -] 8%"9 DIND dasg
€0°0=3V 00°0=23V 00°0=23V
80°0=2 1o=z vexGL0=2Y ez
610 60°0 7 [9g'0 ‘00°0] 8L°0 000 €10 7 [9z'0‘sz'0-] 000 S0°0 80°0 7 [9z0v00-]LL0 ISl dass
S0°0=3V ZLI0=adv v e GL0=24V
S00=2 1o0=24 vexGL0=2Y
200 200 [s0'0‘v00-1000 SL0- ¥0°0 [c00°€L0-1500- ¥0°0- 200 [z0°0‘900-] 200~ % ‘ssew 3eq
oL0- 200 [€0°0“90°0-] 200~ 00 €00 [LL1'0°z00-15070 L0°0 200 [90°0“10°0-] 200 B3 ‘ssew uea
L0°0- 200 [€0°0°90°0-] L0"0- vz 0- ¥0°0 [Lo0'0vL0-1200- L0L0- 200 [000 ‘80°0-] . 00— wd ‘Jyb1aH
6L°0 L0°0 [oz0‘co0-11LL0 zLro- oLo [60°0 0€0-]0L0- 000 90°0 [z10°zL0-]000 G Jauue|
L0°0- zLo [ezo‘vz0-]100- SL0- SL0 [oL'0°0s0-]0z°0- S0°0- 0L0 [80°00€0-]LLO- A 3by
S0°0 €0 [62:087'0-]9L°0 0L0- wo [evovzL-]1p0- €0°0- 9z'0 [eeooL0-]810- delg
€0°0- r€0 [65°092°0-]8070- 200 LEO [68°0°250-]91°0 3lews L
+ 1980~ 0€°0 [St'6-'€9'9-] « 4 . ¥0'9- 31040d Apnis days
q as [D%s6ld q as [D%se6ld q EN D %seld a|qerien 19PoN
T 3oyod L Hoyod a|dwes |ejoy.

‘}4oyod Apnis Aq paniel3s pue 3jdwies [e301 93 Ul UOILI9X3 PaAIadLad 10) suoissaibal [ediydlelaly o|diynuw Jo saLas g d|qel «

Sports Medicine International Open 2019; 3: E40-E47

Bruggink SM et al. Insulin Sensitivity, Depression/Anxiety, and ...

E44



"7 HOY02 10} || =U pUB ‘| 310Y0d 10} Q| = U ‘3|dwies |e303 3Y3 10§ [ =N "9DUBISISaL
Ul|NSUJ JO JUILISSISSE [9POW SISBISOIIOY = Y|-YINOH X3PUl 323y AJIAIISUIS ulnsul aAieIauenb = 3DINY xapul ANARISUIS UlNsUl =S| 3]qeLIEA JUSPUIdap 3y3 Ul Joj pajuNod2e dUeLIeA o abejuadiad =,y
£JUBIDIY0D UOISSaIBaL paziplepueys = q L10.113 PIEPUB)S = 3§ {[BAIIUI IUIPLUOD % G6 =D % G6 ‘IUBIDIY0D UoIssaIBal pazipiepueisun = ¢ 1218 SUOIILIADIQQY "SI|]BIIBA BZ pUB | S|apou 10y buijunodde 13yje

9B S3]BWIISA € [9pOL ‘suoissalbal ajeledas 303|jal OZ pue ‘Gz ‘ez S|POIA “|9POW Y3 03Ul A13UD WOy 31e S9IBWIIST "¢ 310Y0D = ¢ PUB | 1104y0D) = | PAPOI 1OY0d APNIS "L00°0>d 4 « » "LO0>d + » G0°0>d . :9ION

Z1oyo)

1 3104yod

sjdwes |ejo)

20°0=24V 10°0=23V 00°0 =74V 7
ve e V0= e s 250=23 v e e 0=2Y 7
€10 vt lessozL-loLe 900- | €47 [seetvL-1s0z- L0°0 v8'L [Lov‘sze-18€0 7 Aaixuy €
L6L0- | €0°€ [s9'0-‘€9ZL-] . #99- L0 L0E lo6'6 ‘s0°z-]126€ €00- | €T [L1eezs-TeoL- 7 uoissaidag daas
. 700=4V 4+ 50°0=24V v x 2 P00=2V 7
wexlP0=2Y e xVS0=2Y v 87°0=2Y 7 T4
L €20- | oty | l9rs-z9'iz-] . . 6€EL- .. 1€0- | €99 [Lez-poee-] .. tv0z- | ...520- | vse | [168-'882z-]...68561- | AI'VINOH dags
«« €0°0=24V v+ P0°0=2AV v x€0°0=23V 7
Y e 2 9P0=2Y .22 €50=23 e LB0=2Y 7 qaz
..020 | S6'p09 | [99°€26 'SE'0€S] . . 00'LTLL ..520 | s87zs |[ele8e'vo8ls] L. 687S1Z | ... €00 | 6698y | [S0°'L687 ‘€0'8L6] ... VS'LEGL | IO dags
L 20°0=74V 20°0=24V .+ 20°0=24V 7
v e x SP0=2Y T . OV0=7Y 7 ez
VAN 7 298 7 [262€ *88°€] . €6°0C vLo 7 sLoL [86°GE ‘se'v-]128°6L ++9L°0 7 L9 [€Lze‘589] 4 . 6V'6L 7 ISI dass
cxx EP0=24V s« 67°0=24V «x x PP 0=24V 7
e e EV0=2Y v s s 67°0=23 v e PP 0=2Y 7
cxxbP0- | 6LC [28°6-678L-] 44 9lVL- | +..60V0- | TOE [PTL-"8EPT-] 4 «6E8L- | «.«lS0- | 6L [sozL-0L6L-] 4« usLL9L- 7 % ‘Ssew 3e4
v s GP0- 6L [tzs-v8zL-] 4. . G0'6- 8L'0- | 29C [€5°0‘68'6-]891- FxxCE0- | €5°L [Pre-sv6-] « . GF9- 7 B3 *ssew uea
v s+ V€0 6€'C [ereLozyl ... 668 710 68°C [z8'6'99'L-] 80"t «+ 120 q8'L o6 ¢red « 909 7 wd ybiaH
S0°0- 86'9 [ss'6°L08L-]9C V- 900- | 86°L [LvoL ‘YT 1z-]6E'S- 900- | 62°S [L6'F P6'SL-]25°G- 7 G Jauue]
+ 020 6LLL [se'6v ‘80°s] L TT'LT 00— | vETL log8L “L1L0€-]10T'9- 80°0 '8 [e6'Lz se's-]6T°LL 7 A aby
[18'v0L-'67'6€2-] 7
60°0- L00€ [erzzz0'96-159'9¢ - «x+6E0- | 98°€E cxxSOTLL- | wuubTO- | €8T | [LLSS-"€L°SHL-] 4. SLO0L- xe|g
80°0- Lzee [zove ‘veL6-199'LE- €00- | €6°LE [bO'St ‘8L°08-] 1821~ 7 Slewsy L
LELO €€'9C [€5'70L'6£°0] . 99'CS | 310yod Apnis days
q s [ID%seld q EN 1D %seld q s [D%seld 7 3|qertepn | [PpO
|

*3doyod Apnis Aq payiied3s pue sjdwes |e303 3y3 ul (W) acuelsip uni/yjjem buiidipald suoissalbau |eaiydiesaly 3jdiynuw Jo saLRS € djqel «

E45

Sports Medicine International Open 2019; 3: E40-E47

Bruggink SM et al. Insulin Sensitivity, Depression/Anxiety, and ...



& Thieme

sible that poor insulin sensitivity may contribute to less physical
activity due to physiological consequences such as fatigue [3]. If
the insulin sensitivity-physical fitness connection represents a bi-
directional relationship, then theoretically, intervening to improve
insulin sensitivity (e. g., through pharmacological agents) might
enhance adolescent’s willingness to engage in physical activity,
thereby improving their fitness, just as improving fitness would be
anticipated to improve insulin resistance. These alternative hypoth-
eses require experimental testing in future research.

Limitations to the present study include the cross-sectional and
correlational design, making it impossible to determine the causal di-
rection of effects. All of the effects we did observe for the relationships
of psychological symptoms and insulin sensitivity with perceived ex-
ertion or walk/run distance were small, underscoring the multitude
of factors that are associated with physical activity in overweight or
obese adolescents. Generalizability of the observed effects are limit-
ed to adolescents at-risk for cardiometabolic disease and may or may
not apply to adolescents with lower risk of disease. Non-Hispanic Black
and non-Hispanic White adolescents were also disproportionally sam-
pled and there was limited representation of Hispanic adolescents or
other racial/ethnic groups at heightened risk for obesity and metabol-
icdisorders. Similarly, the cohorts did not include younger adolescents
at aless advanced pubertal stage. This feature made the participants
largely homogenous for the late pubertal stage, and thus, we could
not ascertain or isolate the distinctive association of pubertal devel-
opment or timing with the variables of interest examined in this study.
Though walk/run testing relates to cardiorespiratory fitness [6], anim-
portant risk factor for cardiometabolic disease, we did not evaluate
habitual physical activity. Future work should consider ambulatory
physical activity monitoring in relation to insulin sensitivity and de-
pression/anxiety symptoms to determine whether the observed as-
sociations apply to physical activity.

The current study supports a role for both insulin sensitivity and
affective disturbance in dimensions of physical fitness among ado-
lescents at high-risk for cardiometabolic disease. Most adolescents,
and particularly those who are overweight or obese, do not achieve
the recommended 60 min per day of moderate-to-vigorous physi-
cal activity [35]. Considering developmentally-sensitive factors
may be relevant in the design of more effective interventions to ad-
dress a strong need for increased physical activity and physical fit-
ness in at-risk adolescents.
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