Effect of Short-Term Exercise Training on Leptin and Insulin Action
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The purpose of the study was to determine the effect of short-term exercise training (7 consecutive days for 60 min/d at 75%
maximal oxygen consumption [Vo, max]), which did not change body mass on fasting plasma leptin concentration and insulin
action. Young, lean subjects (n = 16; age, 21.9 = 0.6 years; body fat, 17.5% = 1.5%) and older subjects with relatively more
adipose tissue (n = 14; age, 58.6 = 1.4 years; body fat, 28.3% * 1.3%) were studied (mean = SE). Fasting plasma leptin was
significantly (P < .05) related to adiposity (fat mass, r = .58; % body fat, r = .76) in this population. Body mass did not change
(P < .05) in any of the groups with training (71.8 = 2.5 v 71.9 = 2.5 kg). The insulin sensitivity index (S, determined from an
intravenous glucose tolerance test (IVGTT) improved significantly (P < .05) in both the young group (4.8 = 0.6 v6.9 = 0.8 x 10~/
min (pU/mL) and the older group (3.2 £ 0.6 v5.9 = 1.0 x 10~%/min (nU/mL)). Fasting leptin did not change with training in
either group (10.4 £ 1.6 v 9.2 = 1.0 ng/mL). These findings suggest that exercise does not independently affect the fasting
plasma leptin concentration and the improvement in insulin action with exercise is not associated with an alteration in fasting
leptin in healthy sedentary lean and relatively lean subjects.
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EPTIN is a hormone secreted by adipose tissue that may The purpose of this study was to discern if exercise training,
signal the relative size of the fat depot and control bodywhich improves insulin action but does not change body mass,
masst3 In support of this relationship, fasting induces a is linked with a change in the fasting plasma leptin concentra-
pronounced reduction in leptii whereas overfeeding can tion. Several groups have reported that 7 consecutive days of
increase plasma lepthWeight loss and weight gain are also exercise training improves insulin action without changing
associated with a reduction and an increase in plasma leptirbody mass or compositidi2® We thus used this model to
respectively:®7 Such findings suggest that leptin is responsive determine the effect of exercise on the plasma leptin concentra-
to changes in energy balance. tion, body mass, and insulin action in young lean and older
If leptin is reflective of energy balance, it is conceivable that subjects with relatively more fat mass. These groups were
anincrease in energy expenditure, ie, physical activity, may als@ompared since there is evidence that exercise may affect
modulate plasma leptin. In support of this association, inplasma leptin differently according to the degree of adip8siy

rOdentS, a Single bOU'[ Of exerCise or eXerCise training eliCitS %nd that aging may a|ter ’[he |eptin_fat mass re|ation§.hip_
reduction in plasma leptin andb mRNAZ& However, in

humans, the effect of exercise on plasma leptin is not as
definitive. Either a reductidd1® or no chang¥-1° have been
reported following a single exercise bout. Repeated dailyStudy Design

e?(erC|se bouts (ie, exercise training) have also begn reported Two groups of subjects were examined: (1) young lean individuals
either to decreaé,.erO’?Z o.r not t_o alte?0’23_plasma leptin. It '_S (n = 16, 9 women and 7 men) and (2) older individuals with relatively
thus difficult to discern if the increase in energy expenditure nore adipose tissue (a 14, 8 women and 6 men). The rationale for
with exercise recruits leptin as a possible signal to control bodyexamining these groups was to provide a comparison of a potential
mass, even in healthy, relatively lean individuals. exercise effect between individuals with initially different plasma leptin
The effect of exercise training on leptin is also potentially concentrations and adiposity. Subjects were screened for body composi-
important in relation to insulin action. Leptin has been demon-tion and cardiovascular fitness level. A pretraining insulin sensitivity
strated to induce insulin resistarféeSegal et & also reported index (§) was determined with an intravenous glucose tolerance test
that insulin resistance is independently associated with aflVGTT). Subjects then underwent 7 consecutive days of supervised

elevated plasma leptin concentration in males. It is thusexercise training. A posttraining IVGTT was performed 15 to 17 hours

conceivable that the reduction in plasma leptin with eX(_:‘rcis(_}afterthefinal training bout. A fasting sample from the IVGTT was used

trainingt®2%-22may improve insulin action. On the other hand, to determine the plasma leptin concentration.
any reduction in leptin may simply reflect the decrease in body
mass with exercise training rather than serving as a means t8ubjects

SUBJECTS AND METHODS

regulate insulin action. The subjects were volunteers who were not active in an exercise

program for at least the previous 2 years. They were also questioned
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Insulin Action and Plasma Leptin RESULTS

An insulin sensitivity index (§ was determined with an IVGTT as  Anthropometric and Exercise Data

.descr'bed by Bergma_n et .%H'The Sis a composite measure that‘ Age, anthropometric, and exercise data for the groups are
includes the effect of insulin on glucose disappearance and reducin

hepatic glucose production. Subjects reported to the laboratory in thgresentgd in Ta_ble 1. The older group had significaritly(.05) .
morning after a 12-hour fast and had consumed at least 250 ore adipose tissue (% body fat, fat mass, and body mass index
carbohydrate per day for the previous 3 days. They were instructed tdBMI]) and body mass than the younger groupoax was
record and consume the same foods for 24 hours prior to each IVGTTSignificantly @ < .05) lower in the older group. All groups
The pretraining IVGTT was performed in the sedentary condition, andexercised at approximately 75%o¥nax. Body mass did not

the posttraining test was performed 15 to 17 hours after the finachange P < .05) in any of the groups with the 7 days of

exercise bout. Two to 3 hours after the final exercise bout, the subjectgraining (mean for pooled data, 71282.5v 71.9+ 2.5 kg).
consumed a meal and then fasted overnight (12 hours). Briefly, the

IVGTT procedure consisted of 4 baseline samples before the intraver,gjin Action

nous injection of glucose (1.7 mmol/kg) at time 0 and insulin (150

pmol/kg) 20 minutes later. Twenty-five samples were obtained between There was a significantP(< .05) treatment effect with no

0 and 180 minutes and subsequently analyzed by spectrophotometry f&@ignificant interaction for an improvement in insulin actior) (S
glucose (procedure HK 16-UV; Sigma, St Louis, MO) and microparticle with age (Fig 1). There were no significar® & .05) differ-
enzyme immunoassay for insulin (IMx; Abbott, Chicago, IL). The S ences in initial or posttraining, ®etween the 2 groups. The
was calculated with the minimal model of insulin action (MINMOD nsulin action data were pooled to further compare the response
version 3.6%). The leptin concentration was determined with a commer- to training. There was a significant treatment (training) effect

cial radioimmunoassay (Linco Research, St Louis, MO). Each sampletp < .0001) for increasing §4.1= 0.4 v 6.5+ 0.6 X 104
. S4.1* 0. 5+0.

;/;/1::; Z\(r;oalyzed in duplicate, and the coefficient of variation was Iessmin wU/mL). There was a trend for elevated fasting insulin

(P = .06) and glucoseR = .07) in the older group. However,
fasting blood glucose and insulin were within normal values
] o ) and did not change with exercise in either group (Table 2). This
_ Maximal oxygen consumption @4max) was measured during s iy agreement with other 7-day training studies in which
incremental exercise on an electrically braked cycle ergometer (LOdefasting insulin and glucose did not change in obese patfemts

Diversified, Brea, CA). In the younger, leaner subjects, the initial . . . . - . .
workload was 50 W with an increase of 25 W every 2 minutes. In '[hepatIents with mild type 2 diabetsdespite enhanced insulin

older subjects with relatively more body fat, the initial workload was 25 sensitivity with exercise.

W with an increment of 25 W every 2 minutes until voluntary

exhaustion was achieved. For a valid test, 2 of the following criteria hagPlasma Leptin Concentration

to be fulfilled: (1) respiratory exchange ratio greater than 1.0, (2) heart e fasting plasma leptin concentration for each of the
rate at least 15 bpm less than the age-predicted maximal heart rate, @froups is presented in Fig 2. It was significantly elevated in the

_(3) malntgnance of oxygen consumption YVIthIn 2 mL/kg/min de_splte anoider group compared with their younger counterpats(.05).
increase in workload. Oxygen consumption was measured with open-

circuit spirometry using a metabolic cart (model 2900; Sensor Medics,Plasma leptin was significantly related to fat mals% ('58.'
Anaheim, CA). A 12-lead electrocardiogram (EKG) recorded the heart” < -001) and percent body fat ¢ .76, p < .0001) in this

rate and EKG tracings. The maximal exercise test was used (1) to screddopulation. Plasma leptin values did not chanBe=(.29 for

for potential heart disease and (2) to determine the heart rate and oxygdreatment effect ang = .13 for interaction effect) with training
consumption required to elicit the desired exercise intensity (70% todespite an improvement in insulin action with 7 days of exercise
75% Vo,max) during 7 days of training. A physician was present during in both groups (Figs 1 and 2). Values for the young group were
the maximal testing of all older subjects and interpreted the exercisey 1 + 1.3versus7.6- 1.3 ng/mL and values for the older group
EKGs. The percent body fat, fat mass, and fat-free mass werqyere 14.2+ 2.7 versus 11.0- 1.3 ng/mL pretraining versus
determined with the 7-site skinfold meth#d. posttraining, respectively. There was also no change in plasma
leptin with training when all subjects were combined (16.4.6

v 9.2+ 1.0 ng/mL beforev after training, respectively). There
The subjects exercised 1 h/d for 7 consecutive days on a cyclevere no differences in the response to exercise when the groups

ergometer. Exercise intensity was adjusted to achieve 70% to 75°/Were classified according to gender (ie, youngkjer women
Vomax as determined from Douglas bags collected at minute 5 and
every subsequent 15 minutes of exercise. All subjects exercised
continuously for 1 hour during the 7 days of training. They were

instructed to consume their normal diet during the exercise training
period with the addition of approximately 450 kcal, which represented

Cardiovascular Fitness and Body Composition

Exercise Training

Table 1. Age, Anthropometric, and Exercise Data for the Young and
Older Groups (mean = SE)

the energy expended daily with exercise. Variable Young Older P
Age (yr) 21.9 + 0.6 58.6 + 1.4* <.001
Statistics Bodly fat (%) 175+ 15 28.3 + 1.3* <.001
Data were compared wita 2 (group)x 2 (treatment before and after BMI (kg/m?) 23405 26.9 = 1.1* =01
exercise training) repeated-measures ANOVA. Contrast comparisons Body mass (kg) 66.9 = 1.9 175 = 4.6% =05
were used to determine specific differences when a significant interac- "2t ™ass k@) 11509 219 16* <001
tion or group effect® < .05) was obtained. Descriptive data (age, body Voz_m_ax (mL/kg/min) 358=20 23218 =001
Training %Vo,max 74.9 0.1 75.0 = 0.5 .92

composition, and exercise variables) were compared between the
groups with an independentest P < .05). *P < .05 vyoung.
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minutes) in sedentary individuals observed no alterations in the
postexercise or fasting plasma leptin concentratféf23The
current findings are in agreement with these latter data and
extend these findings to short-term exercise training that does
not alter body mass.
Pre-training Inthe current study, insulin action improved with the exercise
stimulus despite a lack of change in fasting leptin (Figs 1 and 2).
In humans, an elevated leptin concentration may be linked with
insulin resistancé*?®> The reduction in leptin reported with
exercise trainin2%21 may thus be potentially important for
regulating insulin action, particularly in individuals in whom
leptin is initially elevated such as the older subjects of our study
(Fig 2). However, it is not evident if the reduction in plasma
leptin with exercise training is secondary to a reduction in body
mass, rather than serving as a modulator for insulin action. The
Fig1. Insulin sensitivity (x10-4/min (uwU/mL)) determined from an current findings suggest that the improvement in insulin action
IVGTT in the young and older groups. *Significant (P < .05) improve- with exercise training is not associated with a decrease in
ment with training. plasma leptin, as insulin action was enhanced while the fasting
plasma leptin concentration was not altered (Figs 1 and 2). This
association was evident even in older subjects with a relatively
high fat mass and fasting plasma leptin concentration (Table 1

DISCUSSION and Fig 2).
One purpose of the current study was to compare the

The main finding of the present stud_y is that exercise traini_ngresponse to exercise training in a lean young group and older
which did not alter body mass also did not change the fasting, i qa1s with relatively more adipose tissue. This is a
plasma leptin concentration in young or older individuals.

These data suggest that exercise training does not independen

regu_late fasting plasma_1 leptin. In suppgrt O.f this _premise_, Ot_he(/vas unaltered in obese animals. However, Kohrt®traported
studies have reported little or no reduction in fasting leptin with that exercise training reduced fasting leptin disproprotionally

exercise training after statistical correction for a decrease in fa}nore in a subgroup of women with high adiposity compared
18,21 i
mass:®**However, the design of the current study allowed us towith leaner women. There is thus the potential that individuals

directly assess the exercise/leptin relationship since body mass. . .
L 7 With a larger fat mass respond differently to exercise versus
was not altered after the week of training. The current finding

Seaner subjects in terms of plasma leptin. In addition, the fat
imply that the exercise-induced negative energy balance thaF © bjects ol plas P d , (he 1a

) : . .~ “mass—leptin relationship may be altered with age such that there
produce_s a loss of fat mass 1S the pr!mary_factor |n_contro_lll_ngis a leptin deficiency relative to the fat ma8siowever, despite
the fasting plasma leptin concentration with exercise tralnlngthese potential differences between the groups in terms of leptin
rather than the exercise per se.

Additional insight into the exercise/leptin relationship may regulation, there was no significant difference in the response to

be gathered from studies examining the effect of a Singleexermse, regardless of the fact that the older group had a greater

exercise bout. Several reports have noted a reduction in plasrr}caat mass and a higher fasting plasma leptin level (Table 1 and
leptin following physical activity>13 However, the exercise
was somewhat extreme, ie, a 26-rhiler 101-milé?footrace. A
study by van Aggel-Leijssen etl@examined hourly to bihourly
plasma leptin concentrations following a single 2-hour bout of
exercise. They reported that the leptin concentration over a < |

24-hour period decreased after exercise when energy balanes

Post-training

Insulin sensitivity (SI)
=S
1

Young Older
Group

and men). Changes in insulin sensitivity did not correlate with
changes in plasma leptin.

ﬂé(/)tentially important comparison, as Pagano &trgport that
ptin decreased in lean animals after a single exercise bout but

20+

was maintained as compared with energy balance with n T L.
. . . . . . Pre-training
exercise. Studies examining a single shorter-duration exercis& Q
bout similar to that used in the current study (ie, 30 to 605 Post-training
3
Table 2. Fasting Insulin and Glucose Data for the Young and Older
Groups Before and After 7 Days of Exercise Training (mean * SE) \
Variable Before After
N
Young group
Fasting insulin (LU/mL) 58+ 05 57+08 Young Older
Fasting glucose (mg/dL) 87.8 £3.1 84.2 £ 3.0 Group
Older group
Fasting insulin (uU/mL) 85+ 1.2 83+ 15 Fig 2. Plasma leptin in the young and older groups before and
Fasting glucose (mg/dL) 93.9 + 4.6 94.8 + 4.1 after 7 days of exercise training. There was a significant (P < .05)

group effect, with older subjects having higher leptin levels.
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Fig 2). The relatively greater reduction in plasma leptin in moredently regulate fasting plasma leptin. The improvement in
obese individuals with exercise trainfigmay thus only insulin action with exercise training also may not be associated
become evident when there is a loss of fat mass. In agreemeniith an alteration in fasting leptin.
with other reportd/2133we observed a positive relationship
between adiposity and the plasma leptin concentration.

In summary, 7 consecutive days of exercise training (60 ACKNOWLEDGMENT

min/d, at 75% \b,max) did not alter the fasting plasma leptin  special thanks to Lydia Morgan for assisting with the minimal
concentration in young and older men and women despitgnodels, the research subjects for their diligence, and the East Carolina
enhanced insulin action. Exercise training did not alter the bodyuniversity Diabetes/Obesity Center for the facilities to perform this
mass. These data suggest that exercise per se does not indepstusy.
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