
There were no differences in body weight or com-
position (% fat) between U and L females at baseline,
and both groups achieved dramatic loss of body fat
during the 3 wk exercise program (Fig. 5). U females,
however, achieved a greater reduction in adiposity
than L females (P = 0.03). Because of technical diffi-
culties, we did not obtain data on running distance
during this test. However, based on our observations at
P60 andP160 (Fig. 4), it is likely thatU females lostmore
fat because they ran more. These data indicate that the
effects of maternal physical activity before and during
pregnancy persist to influence energy balance in ad-
vanced adulthood.

DISCUSSION

We found that maternal exercise directly before and dur-
ing pregnancy promotes physical activity in the offspring.
In female offspring this effect was first evident around
sexual maturity, and persisted into later adulthood. In-
creased physical activity was also observed in male off-
spring, but not until later in adulthood.

Previous studies have shown that nutrition can affect
developmental programming of physical activity (12,
16, 17, 25, 26), but we are aware of only one (27) that
examined effects of maternal exercise on offspring
physical activity. Consistent with our findings, that
study reported a significant positive correlation be-
tween maternal running distance during pregnancy
and offspring running distance in adulthood. Because
outbred ICR mice were used, however, those authors
concluded that this correlationwas likely due to genetic
inheritance (27). Our findings in an isogenic population
of mice therefore provide the first clear indication that
maternal voluntary exercise before and during preg-
nancy affects the establishment of lifelong propensity
for voluntary exercise in her offspring. Since maternal
running during lactation was nearly negligible (Fig.
2B), this effect almost certainly occurred either directly
before or during pregnancy.

Rather than study a large number of mice, we
employed several design refinements to achieve high
power. The first was to minimize the influence of ge-
netic variation by studying inbred mice. The second
was to include a preliminary test to assess voluntary
exercise in the dams. Even among inbred dams, it is
possible that subtle de novo genetic variation could
influence both their voluntary exercise level and that
of their offspring. The preliminary test eliminated
such potential confounding, while also ensuring that
all U offspring were exposed to a consistent level of
maternal exercise. Third, recognizing the nonindepen-
dence of offspring born to the same dam, our metabolic
cage studies included only 1 male and 1 female off-
spring of each dam. Last, we performed our metabolic
and physical activity measurements over an extended

TABLE 1. Summary of CLAMS statistical analysis: dark period only

Male Female

P21 P60 P160 P21 P60 P160

Variable Factor F P F P F P F P F P F P

Intake Group 0.0 0.96 1.6 0.21 0.0 0.92 3.5 0.06 8.0 0.005* 1.4 0.23
Time 3 group 1.6 0.21 0.0 0.93 0.2 0.69 0.0 0.87 0.1 0.7 0.6 0.45

Running Group 0.1 0.81 3.6 0.06 8.0 0.005* 2.9 0.09 11.6 0.0009* 5.4 0.02*
Time 3 group 3.1 0.07 1.6 0.21 47.6 ,0.0001* 1.2 0.28 9.6 0.002* 79.6 ,0.0001*

Cage Activity Group 3.7 0.06 2.2 0.14 7.8 0.005* 2.6 0.11 4.1 0.04* 3.1 0.08
Time 3 group 1.7 0.20 0.0 0.88 10.7 0.001* 1.4 0.25 21.4 ,0.0001* 23.1 0.003*

Expenditure Group No data 1.1 0.31 1.0 0.31 No data 5.0 0.03* 1.4 0.23
Time 3 group 0.2 0.62 20.7 ,0.0001* 2.2 0.14 29.2 ,0.0001*

In addition to the group effect and time3group interaction, all models also included Time (30 min increments; linear, as well as
second- and third-order polynomial), age (d), and age 3 group. The models for intake and expenditure included lean mass (g) and fat
mass (g). Experiment phase (phase 1 or 2) was evaluated in all models, but was not significant and so was omitted from the final models.
Variable units were intake (g/30 min), running (km/30 min), cage activity (counts/30 min), and expenditure (kcal/30 min). *Statistically
significant (P , 0.05).

Figure 5. At P300, U females showed a greater reduction in
adiposity in response to a voluntary exercise program. Before
exercise, U and L females had comparable body composition
(% fat). Over a 3 wk period of housing in a cage with a running
wheel, the U females achieved a greater reduction in percent-
age of fat than did the L females (P = 0.03).

2546 Vol. 30 July 2016 ECLARINAL ET AL.The FASEB Journal x www.fasebj.org
 Vol.30,  No.7 , pp:2541-2548, March, 2017The FASEB Journal. 141.166.176.15 to IP www.fasebj.orgDownloaded from 

http://www.fasebj.org
http://www.fasebj.org/

