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Abstract

It has been previously reported that overweight and obese individuals perceive exercise as more
difficult than their lean counterparts, and this difference may not be solely attributed to
physiological differences. Therefore, we tested the hypothesis that individual differences in the
perception of exercise difficulty during exercise, independent of concurrently measured
physiological markers of exertion, are predictive of weight regain, after completion of a weight
loss program. One-hundred and thirteen formerly overweight women who had previously
completed a weight loss program to achieve a normal body weight (BMI <25) underwent a sub-
maximal aerobic exercise task while measures of physiological and perceived exertion (RPE) were
recorded. Weight gain was assessed following a subsequent 1-year free-living period. Average
weight regain 1 year following the intervention was 5.46 + 3.95 kg. In regression modeling, RPE
(B =0.21, P = 0.01), but not physiological exertion (p = 0.02, P = 0.81) was positively associated
with 1-year weight regain following weight loss in premenopausal women, independent of
measured confounding variables. The association between RPE and weight regain suggests that
perception of exercise difficulty is an important predictor of weight regain following a weight loss
intervention.
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Introduction

Methods

Participants

Success rates for long-term weight loss maintenance through traditional lifestyle strategies
are poor, with high recidivism rates being the norm.1=3 This is in part attributable to
individual-level barriers that may prevent weight-reduced individuals from achieving the
amount of daily physical activity necessary to prevent weight regain.#~8 Daily physical
activity has been consistently shown to be a critical factor in maintaining long-term weight
loss.4~8 However, achieving the necessary quantity and quality of physical activity to
prevent weight regain after successful weight loss has remained challenging. The
preponderance of physical activity research has focused on frequency, intensity, and
duration of physical activity needed to facilitate weight loss and prevent weight regain, but
research identifying individual-level barriers to achieving these recommendations is still
very much inchoate.

It has been previously reported that overweight and obese individuals perceive exercise as
more difficult than their lean counterparts. Perception of exercise difficulty during exercise
is measured with the highly validated Borg rating scale of perceived exertion (RPE). The
tool is predicated on the signaling connection between the physiological response to exercise
and the subsequent perception in higher brain centers of these physiological perturbations.
Ratings of perceived exertion have been consistently correlated with individual markers of
physiological exertion, such as heart rate, blood lactate, percent VOomax, VOo, ventilation,
and respiration rate.®~14 In addition, psychological constructs have been reported to affect
perceptual responses to exercise as well, 1% 16 and it is commonly assumed that perception
of exercise difficulty in overweight individuals is solely reflective of the physiological
demands of the additional body weight.1: 18 |t appears plausbile to suggest that an amalgam
of physiological and psychological stimuli serve as a composite sensation to produce the
perceived effort sense of exercise, as others have reported.19—21 If perception of exercise
difficulty is not solely explained by physiological or metabolic parameters, then credence is
lent to the proposition that “perception” of exercise difficulty might be a salient factor in
long-term weight loss maintenance.

The purpose of this study was to explore whether ratings of perceived exertion recorded
during a submaximal aerobic exercise test in formerly overweight women were related to 1-
year weight regain. This question was explored among formerly overweight women who
had lost weight via an investigator-administered lifestyle intervention program with the goal
of reducing body weight to the normal range on the body mass index scale (BMI < 25kg/
m?2). We hypothesized that perceived exertion measured during a submaximal aerobic
exercise task in formerly overweight women would be positively associated with weight
regain during a 1-year free-living period, and this relationship would be independent of
concurrently measured physiological markers of effort.

Participants in this study were selected from premenopausal previously overweight (mean +
SD; initial BMI, 28 + 1.32; initial weight; 76.8 + 6.95; weight lost during intervention, 12 +
2.42 kg) women who had completed a weight loss intervention to achieve a BMI < 25 kg/
m?2. Those eligible for inclusion in this study had also completed a one-year follow-up
weight maintenance assessment. All women were nonsmokers and reported experiencing
menses at regular intervals.
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Following the weight loss program, women underwent 4-weeks of supervised weight
maintenance, and baseline testing for the present analysis was conducted during the last 2
weeks of this period. Participants were weighed 3-5 times per week and there was < 0.5%
weekly weight variation for the two weeks prior to evaluation. Participants also underwent
submaximal and maximal exercise testing to evaluate physiological and perceptual
responses to exercise in a weight-reduced state and then entered the long-term follow-up
free-living period. Measurements of weight and height were obtained prior to, following,
and one-year after the weight loss intervention.

Procedures followed were in accordance with the ethical standards of the institution
committee on human experimentation. Before participating in the study, the women
provided informed consent to the protocol, which was approved by the Institutional Review
Board and Human Services Regulation for Protection of Human Research Subjects.

Submaximal Aerobic Exercise Test

In the morning following an overnight fast, submaximal ventilation (VE), oxygen uptake
(VOy), carbon dioxide production (VCO»), respiratory exchange ratio (RER), heart rate
(HR), and rating of perceived exertion (RPE) were obtained while walking at 3 mph on a
calibrated treadmill for 5 minutes. Ventilation, VO, and VCO, were determined by open-
circuit spirometry using a MAX-I1 metabolic testing system (PHYSIO-DYNE, Quogue,
New York). Heart rate was monitored by a Polar Vantage XL heart rate monitor (Polar Beat,
Port Washington, NY). Three mph was selected since it is a common walking velocity for
which steady state oxygen uptake can be achieved.22 The average of the third and fourth
minutes was used as the steady state VO,. All subjects underwent at least two previous
treadmill walks to insure familiarity with the treadmill. A rating of perceived exertion for
“whole body effort sense” was obtained during the last minute of the walk using the Borg
Scale at the same time the physiological variables used in the composite physiological
variable.

Maximal Oxygen Uptake (VO,max)

In the morning following an overnight fast, VO,max Was determined by indirect calorimetry
on a treadmill using a modified Bruce Protocol to exhaustion. Ventilation, pulmonary gas
exchange, heart rate, and RPE were determined as described previously.

Composite Physiological Exertion

Statistics

The physiological response to the submaximal aerobic exercise test was evaluated by three
common variables measured during exercise: Heart Rate (HR); Ventilation (VE);
Respiratory Exchange Ratio (RER). Relative physiological effort during the submaximal
walk was calculated by dividing the absolute submaximal walking values by maximal values
obtained during the VOypax test: 1) %HRpax = submaximal HR/HRax; 2) %VEmax =
submaximal VE/VEpax; 3) WRERmax = submaximal RER/RERy,«. Z-scores were then
calculated for each of the physiological effort variables (% effort/standard deviation). In
order to obtain a composite relative measure of physiological stress during the 3 mph walk
test, we averaged the Z-scores for %HRmax, %VEmax, and %RERyax. Percent of VOomax
was not included in the composite variable because it is known to affect each of the other
variables and thus would be redundant.—-14

Descriptive characteristics are reported as means and standard deviations. Simple Pearson
correlations were used to identify potential predictors of 1-year weight regain. Age, race,
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cardiorespiratory fitness (both VO,max and % VO, during the submaximal aerobic exercise
test), composite physiological measure of exertion during the submaximal aerobic exercise
test, RPE during the submaximal aerobic exercise test, BMI prior to weight loss (we
postulated that those that presented with a higher initial BMI might be predisposed to regain
more weight during the follow-up period), and the number of days required to achieve a
BMI < 25 kg/m? (the initial weight loss program was open-ended, and the subjects had no
set time point to lose the goal weight; we thought it might be plausible that individuals who
had greater difficulty losing weight, would have a more difficult time keeping the weight off
in the follow-up period). Potential predictors of 1-year weight regain were then analyzed
using multiple linear regression.

Fifty-one European-American and 62 African-American women, aged 34.6 + 6.2 years were
included in the present analysis. Summary characteristics are reported in Table 1. Average
weight regain 1 year following the intervention was 5.46 + 3.95 kg. The results of the post
weight loss sub-maximal aerobic exercise test are reported in the lower half of Table 1.
Simple Pearson correlations revealed four potential predictors of 1-year weight regain: days
to initial weight loss goal (r = 0.49, p < 0.001); pre-weight loss BMI (r = 0.26, p < 0.01),
perceived effort measured during the submaximal aerobic exercise test (r = 0.18, p = 0.03)
and the composite physiological effort variable measured during the submaximal aerobic
exercise test (r = 0.06, p = 0.26). Although the composite physiological effort variable was
not associated with 1-year weight regain, we included it in the regression analysis to
determine if the perception variable was independent of the concurrently measured
physiological response. The percentage of the VOymax (fitness level) utilized during the
submaximal aerobic exercise test was not correlated with (r = 0.05, p = 0.3) or predictive of
1-weight regain (p = 0.69).

Table 2 reports the results from the regression model. Participants who took a long time to
achieve their weight loss goal during the initial intervention subsequently gained more
weight during the 1-year follow-up period, independent of their baseline BMI prior to
weight loss. As hypothesized, RPE, but not physiological exertion, during the submaximal
aerobic test was associated with weight regain, independent of BMI prior to weight loss and
number of days needed to achieve the initial weight loss goal. The direction of the
association between RPE and weight regain suggests that perception of exercise difficulty
during a standardized submaximal aerobic exercise task is an important predictor of weight
regain following a weight loss intervention. Accounting for other variables, each ~.5
increase in RPE during the 3 mph walk test resulted in a 1 kg weight regain at 1-year. This
finding was observed regardless of whether the physiological variables were summed as a
composite of physiological exertion or analyzed independently as indices of physiological
exertion (i.e. HR, VE, RER, VO,).

Discussion

The results of this investigation provide support for our hypothesis that perception of
exercise effort during a common, submaximal aerobic exercise modality is an important
predictor of weight regain following a weight loss program. The fact that perceived exertion
was compared to a composite of physiological exertion, rather than to heart rate alone,
attenuates the possibility that the inaccuracy between the physiological and perceptual
responses is due to the sensing of other physiological signals of exertion. To our knowledge,
this is the first report that heterogeneity of perceptual responses to an exercise challenge has
been associated with recidivism in weight-reduced, formerly overweight women.
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In our cohort the RPE during the submaximal walk test was ~9 + 1.8 (range 6 to 13), which
is below the reported RPE (12-14) to be associated with the lactate threshold and suggests
that psychological constructs may be the likely explanation for any potential over perception
of effort during the submaximal exercise test.21: 23 This is congruous with Ekkekakis’s dual
mode hypothesis that states that at lower intensities of exercise, such as our walk test, the
primary driving forces in the perceived exertion of exercise are anchored in cognitive factors
and as exercise intensity increases interoceptive factors such as blood lactate and ventilation
become the salient factors that drive perception of exercise.? Furthermore, Williams et al2°
have recently reported that more positive affective responses and lower RPE scores to an
acute, moderate-intensity exercise task is associated with greater physical activity
participation 6 and 12 months later. Although, affective responses were not measured in the
current study, Willams et al work does suggest that affective responses to acute exercise add
to the predictive capacity of long-term participation in physical activity, mostly independent
of RPE and should therefore be considered two distinct components that deserve further
exploration.

With these two bodies of work in mind, it can be reasonably inferred that the formerly
overweight participants in our cohort may have experienced diminished affective responses
and cognitions that led to higher RPE scores during the submaximal walk test and these
cognitions made it less likely that these weight-reduced women would engage in the
necessary volume of physical activity to prevent weight regain.2>=3! Indeed, itt seems
plausible that the relationship between perception of exercise difficulty and weight regain is
related to actual engagement in physical activity. Our group has previously found that RPE
tends to be higher during exercise for women with lower levels of free-living physical
activity.32 In addition, in a subset (n = 85) of the women in the present analysis, we
observed that RPE recorded during the exercise task was significantly related to reduced self
reported time in physical activity between 4 and 5.9 METS (r = 0.28, p < 0.02) during the 1-
year follow-up period. However, it is not known whether the higher RPE is the cause of, or
is consequent to, low levels of physical activity. We are limited in our ability to further
analyze the physical activity connection, since the original trial was not designed to answer
this question. Future research needs to explore whether the association between perception
of exertion and weight regain is mediated by engagement in free-living physical activity,
and the direction of this relationship.

Although this study was limited in scope to fully elucidate the observed findings, the
identification of a factor that appears to impair weight loss maintenance is not insignificant,
considering the dismal success rates for long-term weight loss. Importantly, by investigating
this phenomenon in a weight-reduced state, we have shown that individual differences in the
perception of exercise difficulty may be an underlying phenomenon that persists after
weight loss and makes it less likely that long-term weight maintenance will be achieved.
This may in part explain differences in weight regain following successful weight loss.

In conclusion, findings from the present analysis suggest that perception of exercise
difficulty during a submaximal, aerobic exercise task after weight loss is an important
predictor of weight regain during a one-year follow-up period in women who have
successfully completed a weight loss program. Elucidating the underlying mechanisms to
identify additional treatment targets as well as developing exercise preference tools based on
perceptual and affective responses for different exercise modalities/intensities may have a
substantial impact on the likelihood that participants will be successful in maintaining a
healthy body weight.

Obesity (Silver Spring). Author manuscript; available in PMC 2010 August 20.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Brock et al.

Page 6

Acknowledgments

Th

is research was in part supported by National Institute of Health grants T32-HL007457-25, R01 DK 49779,

General Clinical Research Center grant MO1 RR-00032, and Clinical Nutrition Research Unit grant P30-DK 56336.

References
1

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20

. Anderson JW, Konz EC, Frederich RC, Wood CL. Long-term weight loss maintenance: a meta-

analysis of U.S. studies. Am J Clin Nutr 2001;74:579-584. [PubMed: 11684524]

. Wadden TA, Butryn ML, Byrne KJ. Efficacy of lifestyle modification for long-term weight control.

Obes Res 2004;12:1515-162s. [PubMed: 15687411]

. Weiss EC, Galuska DA, Khan LK, Gillespie C, Serdula MK. Weight regain in U.S. adults who

experienced weight loss, 1999-2002. Am J Prev Med 2007;33:34-40. [PubMed: 17572309]

. Peters A, Pellerin L, Dallman MF, Oltmanns KM, Schweiger U, Born J, Fehm HL. Causes of

obesity: looking beyond the hypothalamus. Progress in Neurobiology 2007;81:61-88. [PubMed:
17270337]

. Owen N, Leslie E, Salmon J, Fotheringham MJ. Environmental determinants of physical activity

and sedentary behavior. Exerc Sport Sci Rev 2000;28:153-158. [PubMed: 11064848]

. Weinsier RL, Hunter GR, Desmond RA, Byrne NM, Zuckerman PA, Darnell BE. Free-living

activity energy expenditure in women successful and unsuccessful in maintaining a normal body
weight. Am J Clin Nutr 2002;75:499-504. [PubMed: 11864855]

. Klem ML, Wing RR, Lang W, McGuire MT, Hill JO. What predicts weight regain in a group of

successful weight losers? J Consult Clin Psychol 1999;67:177-185. [PubMed: 10224727]

. Sharpe PA, Granner ML, Hutto B, Ainsworth BE, Cook A. Association of body mass index to

meeting physical activity recommendations. Am J Health Behav 2004;28(6):522-530. [PubMed:
15569586]

. Skinner JS, Hustler V. Perception of effort during different types of exercise and under different

environmental conditions. Med Sci Sports Exerc 1973;5:110-155.

. Edwards RT, Melcher A, Hesser CM, Wigebtz O, Ekelund LG. Physiological correlates of

perceived exertion in continuous and intermittent exercise with the same average power output.

Eur J Clin Invest 1972;2:108-114. [PubMed: 5027236]

Gamberale F. Perception of exertion, heart rate, oxygen uptake and blood lactate in different work

operations. Ergonomics 1972;15:545-554. [PubMed: 4660278]

Skinner JS, Hustler V, Bersteinova V, Buskirk ER. Perception of effort during different types of

exercise and under different environmental conditions. 1973;5:110-155.

Robertson RJ. Central signals of perceived exertion during dynamic exercise. Med Sci Sports

Exerc 1982;14:390-396. [PubMed: 7154895]

Robertson RJ, Falkel JE, Drash AL, Swank AM, Metz KF, Spungen SA, LeBoeuf JR. Effect of

blood pH on peripheral and central signals of perceived exertion. Med Sci Sports Exerc

1986;18:114-122. [PubMed: 3959854]

Dishman RK, Gettman LR. Psychobiologic influences on exercise adherence. J Sport Psychology

1980;2:295-310.

Rowland TW. The biological basis for physical activity. Med Sci Sports Exerc 1998;30:392-399.

[PubMed: 9526885]

Ekkekakis P, Lind E. Exercise does not feel the same when you are overweight: the impact of self-

selected and imposed intensity on affect and exertion. Int J Obesity 2006;30:652—660.

Mattsson E, Evers Larsson U, Rossner S. Is walking for exercise too exhausting for obese women?

Int J Obesity 1997;21:380-386.

King AC, Kiernan M, Oman RF, Kraemer HC, Hull M, Ahn D. Can we identify who will adhere to

long-term physical activity? Signal detection methodology as a potential aid to clinical decision

making. Health Psychology 1997;16:380-389. [PubMed: 9237091]

. Lind E, Joens-Matre RR, Ekkekakis P. What intensity of physical activity do previously sedentary
middle-aged women select? Evidence of a coherent pattern from physiological, perceptual, and
affective markers. Preventive Medicine 2005;40:407-419. [PubMed: 15530593]

Obesity (Silver Spring). Author manuscript; available in PMC 2010 August 20.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Brock et al.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Page 7

Gibson AS, Lambert EV, Rauch LHG, Tucker R, Baden DA, Foster C, Noakes TD. The role of
information processing between the brain and peripheral physiological systems in pacing and
perception of effort. Sports Med 2006;36:705-722. [PubMed: 16869711]

Weinsier RL, Hunter GR, Zuckerman PA, Redden DT, Darnell BE, Larson DE, Newcomer BR,
Goran MI. Energy expenditure and free-living physical activity in black and white women:
comparison before and after weight loss. Am J Clin Nutr 2000;71:1138-46. [PubMed: 10799376]
Craig AD. How do you feel? Interocpetion: the sense of the physiological condition of the body.
Nature Reviews 2002;3:655-666.

Ekkekakis P, Petruzello SJ. Acute aerobic exercise and affect: current status, problems, and
prospects regarding dose-response. Sports Med 1999;28:309-326.

Williams DM, Dunsiger S, Ciccolo JT, Lewis BA, Albrecht AE, Marcus BH. Acute response to a
moderate-intensity exercise stimulus predicts physical activity participation 6 and 12 months later.
Psych Sport and Exerc 2008;9:231-245.

Bandura, A. Social foundations of thought and action: A social cognitive theory. Englewood Cliffs,
NJ: Prentice Hall; 1986.

Bandura A. Social cognitive theory: An agentic perspective. Annual Rev Psychol 2001;52:1-26.
[PubMed: 11148297]

Focht BC, Knapp DJ, Gacin TP, Raedeke TD, Hichner RC. Affective and self-efficacy responses
to acute aerobic exercise in sedentary older and younger adults. J of Physical Activity and Aging
2007;15:123-138.

McAuley E, Blissmer B. Self-efficacy determinants and consequences of physical activity. Exer
Sport Sci Rev 2000;28:85-88.

McAuley E, Elavsky S, Jerome GJ, Konopack JF, Marquez DX. Physical-activity related well-
being in older adults: Social cognitive influences. Psychology and Aging 2005;20:295-302.
[PubMed: 16029093]

Rejeski WJ, Focht BC. Aging and physical disability: On integrating group and individual
counseling with the promotion of physical activity. Exer Sport Sci Rev 2002;4:166-170.

Hunter GR, Weinsier RL, Zuckerman PA, Darnell BE. Aerobic fitness, physiologic difficulty and
physical activity in black and white women. Int J Obesity 2004;28:1111-1117.

Obesity (Silver Spring). Author manuscript; available in PMC 2010 August 20.



Page 8

Brock et al.

1581 55315 XBWZOA e Buinp painsesw sanjeA wnwixew sso| ybiam isod s juedioued
yoea Buisn Aq parenajed alam sajqelen [ealfojoisAyd ayy Joy sanjen abejuadlad 'ssoj Jybiam Jaie 158} Bupyjjem Jewixewqns ydw € pazipJepuels ayl Bulinp sanfeA painseaw s3aa)yal T 9|qe L JO JJey wonog ay L

6T¥26 (a1eas Biog) 34y :uo1Iax3 PaAIadIad Jo sbuney

6'0F 019 XeW o1jey abueyox3 Aloresidsay o
0S+8¥¢ X®UuoneUaA 9%
L'LF268 Xeligrey 1eaH %
T9+89¢ XRWZHA 0
S0'0¥080 wanond Alorelidsay
EFQTC (urwy/1) uoneNUBA
6'GT ¥ 6807 (wdq) a1ey HeaH
STF002T (unwyB/iw) Zon

1831 B\ [BWIXRIN-GNS SSO7T 1YBISA-1S0d

G6'EFOV'S (65) ure yBiap dn-mojjo Jeak-T
TLF VST (p) 109 sso 1BIsAA 01 SAe
0G¥0€ee (Urw/Boy/ju) ¥4 O $5077 3619 150d
ET¥T8 (zw/B) 1N g
69FT'LL (63) yBrap
TOFGS9T (w) yb1aH
TI9F9VE (A) 8By
das + ues|n So1Is1I8)oeIRYD

(ETT = N) sonsnels aAnduasaq
To|qeL

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Obesity (Silver Spring). Author manuscript; available in PMC 2010 August 20.



Page 9

Brock et al.

pue papua uado sem welboid ssoj JyBram paiaisiulwipe-101ebisanul

100>d
.

s00>d

¥

x

‘(pabelane
puUe $31023S Z 0} PALIBAUOD 3Jam ‘1sa) XBWZ A ayy Burinp paurelqo sanjeA [ewixew painseaw uo paseq ‘sabejuadlad) 1581 Bunjiem fewixewqns ssoj 3ybram-1sod ay) 03 sasuodsal ojel abueyoxa Alojesidsal
pue ‘uoie|IusA ‘a)el Leay = Uoluaxa [ealbojoisAyd ausodwo) (1sa1 Bunjjem Jewixewqgns ssoj ybiam-1sod syl Burinp painseaw = UOILIBXa PaAIadad ybiam [eob J1ayl anaiyoe o} auljawil ou pey sjuedioned

11Ul 8y = |eob sso| ybiam 03 sAeq ‘weiboud sso| 1ybram paiaisiuiipe-iorelbnsaaul [eniul Buliaiua aioyaq NG = 1ING SSO| Jubram-ald

v0'0 600 — Oy xewqns
500 100 - 3A Xewans
100 - 500 — dH xewaqns
800 — 2ro - COA xewans
(£00>d) LT°0 610 — (e[eas Biog) uonaxs panlsdlad
870 810 1eoB sso] B1em 01 sAeq
%7€ 0 ST0 1g ss0] yBram-aid
yro- 10 XUEON
vT°0 90°0 wBreMm
900 600 by
ureBay 1yblapn JBOA-T  JOIARYSg 8S1949XT aanseajn

(£TT = N) uswom yBramiano Ajsnoinaad ul urebai 1ybiam Jeak-auo Bundipaid Joj [opow uolssalbhoy

(e1T = N) poutad dn-mojjo) Jeak-T ayy ul urebad ybam pue JolAeya( 9S1949X3 10) Usam1ag (1) suolre|allod uosiead sjdwis

NIH-PA Author Manuscript

¢?olqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Obesity (Silver Spring). Author manuscript; available in PMC 2010 August 20.



Page 10

Brock et al.

(£TT = N) uswom yBramiano Ajsnolnaid ul JoiAeyaq asidlaxa pue urefal ybiam Jeak-auo Bunoipaid 1oj sjopoll uoissaibay

NIH-PA Author Manuscript

890 700 60S'S uoiaxa [eaibojoisAyd susodwod
8900  181°0— 9¢'0— UOIHaXa PanIadlad
¥0€'0 60T°0 5000 1eoB sso] 1yBiam 03 skeq
8€C°0 eTAN0] weo 1IN sso] yBram-ald

l- AERIENT|

600 800 101ABY3( 8S1949%3 dN-MO[|0} JedA-T :Z |3POIN
7180 ¢00 YIL'T uonJaxa [eabojoisAyd ansodwod
ST0°0 90¢'0 v¥'0 UOI1I9X3 PaAIadIad

T00'0 > 70 9200 1e0f sso| ybrem 03 sAeg
182°0 €600 S.C0 1IN sso] yBram-ald
(A AERIENT|
7000 > 2620 urebaJ ybram Jeak-T :T |9poN
d d 2SI [8POIN

€9lgel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Obesity (Silver Spring). Author manuscript; available in PMC 2010 August 20.



