Evaluating Stress Hormones’ Responses to Exercise in Lean Versus Obese Children Using Different Methodologies

• Blood samples obtained at baseline (PRE),
immediate post-exercise (IP), and 15, 30 &
60 minutes into recovery.
• Epinephrine (EPI), norepinephrine (NE) and
growth hormone (GH) were analyzed via
ELISA.

PRIOR TO LABORATORY ARRIVAL

INTRODUCTION
The role of obesity on stress hormone responses from an exercise bout have been analyzed
using various statistical models. Typically, absolute hormone concentrations are evaluated at
various time points to determine a hormone’s response to exercise and during recovery. Area
under the curve (AUC) is a diﬀerent method that calculates the hormone’s overall, integrated
response. Conversely, an uncommon method involves calculating the percent change from
baseline (PRE) to diﬀerent times following exercise. This latter method evaluates the
magnitude of the hormonal response from baseline to various times following the exercise
bout. The underlying issue is that there is no gold standard for evaluating the hormonal
response from exercise. Therefore, ﬁndings may diﬀer among methodologies, especially
when group diﬀerences already exist at baseline.

PURPOSE
The purpose of this study was to determine whether three diﬀerent methods to assess
changes in hormonal concentrations over time yielded results leading to similar conclusions.
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Statistical Analysis
Signiﬁcance was set at p < 0.05 for all analyses. Participant characteristics were analyzed using independent
samples t-test. Stress hormone data were analyzed by:
• M1 = 2 (group) x 5 (time) factorial ANOVA for absolute concentrations
• M2 = one-way ANOVA for AUC
• M3 = 2 (group) x 4 (time) factorial ANOVA for percent changes from PRE
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The ﬁndings suggest that evaluating the stress hormone response to exercise using one method
may not allow for a full understanding of the outcomes. It appears that when one group
experienced a signiﬁcant hormonal increase in response to exercise and the other group did not (i.e.,
EPI), diﬀerences were detected using the absolute concentration over time (M1) and calculated
percent change from PRE (M3) methods. AUC (M2), on the other hand, did not detect an overall
group diﬀerence as IP was the only time point in which there were any diﬀerences. In contrast, when
both groups had a similar concentration response to the exercise bout (i.e., NE), the ﬁndings from M1
and M2 were similar (speciﬁcally, no group diﬀerence for NE). M3 detected a signiﬁcant group
diﬀerence for NE likely since one group experienced a greater relative change from baseline for all
post-exercise time points than the other, as well as a negative percent change detected in one group
at +30. Lastly, when diﬀerences exist at multiple time points (i.e., GH), group diﬀerences were detected
using absolute concentrations over time and AUC. However, when using calculated percent change
from PRE, only a time eﬀect was detected for GH. It appears that for GH, using M3 accounted for the
group diﬀerence that existed at baseline (see Figure 3-M1), showing that the magnitude of the
hormonal response at each time during recovery was similar between lean and obese.
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Table 1. Participant characteristics and exercise responses to
intermittent submaximal bike protocol, presented as frequencies
or mean ± SD.
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• McMaster protocol (maximal, graded test based on sex and height) [3] on a pediatric cycle ergometer
(Corival Pediatric, Lode B.V., The Netherlands) to determine submaximal resistance.
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• Body composition via dual energy x-ray absorptiometry (GE Healthcare, GE Lunar, Madison, WI).
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• 11 obese children (OB = body fat percentage ≥ 95 percentile for sex and age) [1].

Participant characteristics and exercise responses are presented in
Table 1. Stress hormone responses by statistical model are presented
in Figures 1-3. For EPI, M1 and M3 detected a signiﬁcant group by
time interaction, while M2 revealed no group diﬀerence for the
overall EPI response (see Figure 1). For NE, M1 and M3 detected a
signiﬁcant time eﬀect (Figure 2). M3 also found a signiﬁcant group
diﬀerence that M1 and M2 did not. For GH, the ﬁndings from M2
(signiﬁcant group diﬀerence) complimented those of M1 (signiﬁcant
group by time interaction) (Figure 3). M3, on the other hand, only
detected a signiﬁcant time eﬀect.
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• 11 lean children (LN = body fat percentage between the 2nd and 85th percentile for sex and age) [1].
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Stress hormone responses from intermittent submaximal exercise analyzed by three diﬀerent methods (M1, M2, & M3), presented as mean ± SE.
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METHODS

ABSTRACT
Previous studies have evaluated the role of obesity on stress hormones’ responses to exercise.
Responses were typically evaluated by analyzing the; 1) change in absolute concentration of
the hormone over time; 2) calculated area under the curve (AUC); and 3) calculated percent
change from baseline (PRE) to various time points. It was hypothesized that depending on
the method used to assess changed from PRE, results and conclusions may diﬀer in groups
that present PRE diﬀerences. PURPOSE: This study determined whether three diﬀerent
methods to assess changes in hormonal concentrations over time yielded results leading to
similar conclusions. METHODS: Eleven lean (LN: 8M/3F; age = 9.3 ± 1.2 y; body fat = 17.3 ±
4.8 %) and 11 obese (OB: 7M/4F; age = 9.0 ± 1.1 y; body fat = 39.0 ± 6.4 %) children completed
a 30-min discontinuous submaximal bike test. Blood samples were collected at PRE,
immediate post-exercise (IP), and 15, 30 and 60 min into recovery. Epinephrine (EPI),
norepinephrine (NE) and growth hormone (GH) were analyzed using ELISA. Data were
analyzed by: M1 = 2 (group) x 5 (time) repeated measures ANOVA for absolute concentrations;
M2 = ANOVA for AUC; and M3 = 2 (group) x 4 (time) ANOVA for percent changes from PRE.
RESULTS: M1 and M3 detected an interaction for EPI as IP > all times in LN only (p < 0.01 for
both methods). For NE, M1 found a time eﬀect (IP > all times; p < 0.01 for all) and M3 found
group (LN > OB; p = 0.04) and time eﬀects (PRE to IP > all times; p < 0.01 for all). M1 showed
an interaction for GH with IP > all times in LN and OB (p < 0.01 for both) though at IP, LN > OB
(p < 0.01). In contrast, M3 found a time eﬀect (PRE to IP > PRE to 30 and 60 min; p < 0.01 for
both). M2 supported M1’s ﬁndings, but not M3, for all hormones. CONCLUSION: Findings
indicate that evaluating hormonal concentration changes over time using calculated percent
change from PRE resulted in diﬀerent conclusions compared to absolute changes over time or
AUC. This diﬀerence was speciﬁc for GH, as M3 may have accounted for diﬀerences at PRE
between groups. Therefore, researchers are encouraged to decide a priori the method for
analysis based on whether the objective is to compare possible absolute concentration
exposure of hormones to tissues, integrated responses or relative changes from PRE as
interpretation of results may diﬀer when PRE diﬀerences exist between groups.
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Evaluating the stress hormones’ response to exercise by analyzing absolute concentration describes
the hormone’s exposure to tissues before, in response to and during recovery from the stimulus. This study
showed that the results from other analytical methods (i.e., AUC or relative percent change) varied
depending on the ﬁndings obtained from evaluating absolute hormone concentrations over time.
For example, AUC did not detect a group diﬀerence when only one time point yielded a signiﬁcant
group diﬀerence. Additionally, evaluating the relative change for each time point (via calculated
percent change from baseline) appeared to be sensitive to instances where one group displayed a
larger magnitude of response from baseline for all time points, when concentrations fell below baseline
values, or when signiﬁcant group diﬀerences existed at baseline. Researchers are encouraged to decide
a priori the method for analysis based on whether the objective is to compare possible absolute
concentration exposure of hormones to tissues, integrated responses or relative changes from baseline.
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