
RESULTS

Maternal voluntary exercise before
randomization and before and
during pregnancy

A preliminary test was conducted to ensure that all ran-
domized dams engaged in similar levels of voluntary
exercise. Dams with average daily running distance
;10 km and the least day-to-day variation were se-
lected (Fig. 2A) and randomly assigned to either the U
or L group. The results of randomization (Fig. 2B) show
that there were no overall differences between the 2
groups during the 7 d preliminary test (P = 0.58).

U and L dams were then individually caged with their
respective running wheels for 1 wk before mating. For
mating, males were in the cages for an average of
2 d (range, 1-4). Average daily runningdistance ofUdams
declined from 15.1 to 10.5 km during the acclimation pe-
riod, and progressively diminished during pregnancy
(Fig. 2C). Notably, however, even at the beginning of the
3rd trimester of pregnancy, U dams were still running
;3 km each day. Aside from a small postpartum surge,
running was minimal during lactation. Average running
velocity also decreased during pregnancy (Fig. 2D).
Hence, although the U dams still ran;1 km/day even in
late pregnancy, average running velocity was about half
that at the beginning of pregnancy.

Maternal exercise before and during
pregnancy increases offspring birth weight,
but does not affect adult body weight or
body composition

OnP1, therewasnogroupdifference in litter size [L=8.56
0.4 (means6 SEM)andU=8.060.4pups/litter,P=0.4], but
U pups were significantly heavier than L pups (P = 0.007)
(Fig. 3A). By P21, therewere no longer groupdifferences in
body weight, and no differences were observed thereafter
(Fig. 3B). Likewise, we detected no differences in body
composition (% fat) between U and L offspring at P160, in
either males or females (Fig. 3C). These growth and body

composition data represent both the offspring that un-
derwentCLAMSstudies and those thatdidnot. In females,
inclusion in theCLAMS studies had no effect on growth or
P160body composition (P=0.44 andP=0.51, respectively)
but among males, those included in the CLAMS studies
followeda slightly lower bodyweight trajectory (P=0.001)
andwere slightly leaner at P160 (P = 0.007). Therewere no
significant group3 CLAMS interactions in either sex.

Maternal exercise before and during
pregnancy increases offspring physical
activity and energy expenditure

Our previous studies (16, 17), indicated that develop-
mental programming of physical activity behavior is often
sex specific. We therefore wished to determine whether
potential sex-specific effects of maternal exercise were
evident in the offspringdirectly afterweaningor only after
sexual maturation. Accordingly, physical activity (both
wheel running and home cage activity), energy expendi-
ture, and food intake data were collected from male and
female U and L offspring at P21 (weaning), P60 (sexual
maturation), and P160 (adult).

In a few cases, subtle group differences in food intake
andwheel activity were evident during lights-on (resting)
periods (Fig. 4). However, because food intake and
physical activity are relatively low during the lights-on
period, our description of the results focuses on the dark
period. Relative to L males, U males exhibited no dark-
period differences in food intake or energy expenditure at
any age (Fig. 4A, 4D). U males showed no differences in
physical activity at P21 or P60, but by P160 they ranmore
(Fig. 4B) and moved in their cages more (Fig. 4C) than L
males. (P21 energy expenditure data were not collected
because of an instrument malfunction.)

More consistent and substantial effects, particularly
in physical activity and energy expenditure, were ob-
served in female offspring (Fig. 4). At P60, dark-period
food intake was slightly higher in U than in L females
(Fig. 4A); however, the opposite trend was observed at
P160. At P21, there were no group differences in wheel
activity (Fig. 4B) or total cage activity (Fig. 4C) among
the females. By P60, U females ran more (Fig. 3B) and

Figure 3. Group differences in
body weight were found only at
P1. A) P1 body weight of U pups
(n = 6 litters) was higher than
that of L pups (n = 8 litters). P =
0.007. Box plots show median
(thick line), 25–75th percentiles
(box), and 5–95th percentiles
(whiskers) of 48 U and 68 L
pups; sex was not ascertained.
B) There was no group differ-
ence in body weight at P21,
P60, P120, or P160 (n = 23–41
mice/group per sex at each age).
C) There was no group differ-
ence in percentage body fat at
P160 (n = 23–41 mice/group per
sex).
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