
Gastro Hep Advances 2024;3:724–726
RESEARCH LETTER

Baseline Physical
Activity Moderates
Intracellular Lipid
Deposition During
Overfeeding
The global rise in obesity prev-
alence is a major public health

challenge because of its contribution to
cardiometabolic disease risk (eg, insu-
lin resistance, dyslipidemia, and hy-
pertension). Prolonged overfeeding
trials consistently demonstrate that
excess adiposity fuels this car-
diometabolic risk.1 More specifically,
overfeeding-induced ectopic lipid accu-
mulation (ie, fat stored outside of adi-
pose tissue depots) and visceral
adipose tissue (VAT) impair insulin
signaling in many tissues and organs.2

Increased physical activity is one
way to counteract the negative effects
of the excess caloric intake that con-
tributes to obesity.3 Recent over-
feeding studies suggest that
sedentarism and low baseline fitness
are associated with greater increases
in adiposity.4 Therefore, we sought to
determine whether baseline physical
activity levels (PALs) can moderate the
effect of overfeeding on body mass
gain, whole-body composition, and
intracellular lipid deposition. In this
secondary analysis of a previously
published study,5 we investigated
whether generally more active in-
dividuals were able to better resist the
deleterious metabolic impact of 8
weeks of well-controlled overfeeding
compared to less active individuals.

Thirty-five participants completed
an 8-week, 40% overfeeding study that
resulted in an average of 8.8 � 2.7%
gain in body mass. Details of study
design and primary outcome results
were previously published.5 Prior to
overfeeding, baseline energy re-
quirementswere assessed using doubly
labeled water. Participants also
completed a 24-hour stay in ametabolic
chamber to quantify sleeping metabolic
rate. Subsequently, baseline PALs were
calculated as total daily energy expen-
diture divided by sleeping metabolic
rate. Next, participants began an 8-
week diet that provided 140% of
baseline energy requirements (41%
carbohydrate, 44% fat, and 15% pro-
tein). Participants remained free-living
but all meals were consumed under
supervision. Following the overfeeding
period, caloric needs for weight main-
tenance were determined, and partici-
pants received a weight maintenance
diet for 3 days before undergoing a se-
ries of cardiometabolic assessments.
Briefly, these assessments included
whole-body composition (percent body
fat, fat mass, fat-free mass) determined
by dual-energy X-ray absorptiometry
(QDR 4500A; Hologics, Bedford, MA);
abdominal subcutaneous adipose tissue
and VAT volumes measured by a 3.0T
magnetic resonance imaging scanner
(Excite HD System; General Electric,
Milwaukee, WI) with images obtained
from the highest point of the liver
through the pubic symphysis; and
intracellular lipids (anterior tibialis and
soleus intramyocellular, intra-
hepatocellular) assessed by proton
magnetic resonance spectroscopy using
the point-resolved spectroscopy box
technique as previously reported.5,6

Baseline clinical characteristics are
summarized as means (standard
deviation) and N (%) for continuous and
categorical variables, respectively
(Table A1). PAL was defined categori-
cally as inactive (PAL< 1.53), low active
(1.53� PAL< 1.68), active (1.68� PAL
< 1.85), or very active (PAL � 1.85).7

Differences in the changes in body
composition and fat depots from base-
line to postoverfeeding periods across
PAL categories were tested for using a
linear mixed model including fixed ef-
fects for time and baseline PAL, their
interaction, and a random effect for
participant. Simple correlations be-
tween changes in health outcomes from
baseline and baseline PAL (treated as a
continuous variable)were also explored.
Statistical significance was set at <0.05
with tests performed two-tailed and
analyses conducted in R (version 4.3.2).
There was no difference across
baseline PAL categories in overfeeding-
induced body mass gain (Figure A;
P ¼ .85). Consistently, the correlation
between change in body mass and
continuous baseline PAL was not sta-
tistically significant (�0.05; 95% con-
fidence interval [CI]: �0.28, 0.19;
P ¼ .69). Similarly, there were no
moderating effects of baseline PAL on
changes in whole-body composition or
subcutaneous adipose tissue/VAT fat
depots (Table A2). In contrast, intra-
hepatocellular lipids showed a dose-
dependent trend across categories of
baseline PAL with smaller increases
seen in individuals with higher base-
line PAL (Figure B; P ¼ .06). The
correlation between change in intra-
hepatocellular lipid and baseline PAL
showed a similar trend (�0.22; 95%
CI: �0.44, 0.01; P ¼ .06). Finally, there
were no significant differences in
overfeeding-induced changes in intra-
myocellular lipids (IMCLs) across cat-
egories of baseline PAL, although there
was a trend towards decreased IMCL
accretion of the anterior tibialis with
greater baseline PAL (Figure C; P ¼
.07). This trend was corroborated by a
statistically significant correlation be-
tween change in IMCL and baseline
PAL (�0.28; 95% CI: �0.48, �0.05;
P ¼ .02). No effect was observed for
IMCL of the soleus across categories of
baseline PAL (Figure D; P ¼ .19).

Our secondary analysis investi-
gated the potential impact of objec-
tively measured habitual physical
activity in moderating overfeeding-
induced weight gain and ectopic fat
accrual. While we did not observe a
moderating effect of baseline PAL on
total body weight or adipose tissue
gain, participants with higher PAL at
baseline displayed a trend towards
reduced ectopic fat accretion in
response to overfeeding. Because
ectopic fat is intricately linked to car-
diometabolic disease, this observation
suggests a potential protective effect of
greater habitual PAL. These findings
are of particular interest in the context
of prolonged (possibly lifelong)
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Figure. Change in (A) body mass, (B) intrahepatocellular lipids, (C) tibia intramyocellular, and (D) soleus intramyocellular lipids
from baseline to the end of 8 weeks of overfeeding across categories of physical activity level (PAL). PAL categories were
defined as <1.53 (inactive), �1.53 and <1.68 (low active), �1.68 and <1.85 (active), and �1.85 (very active). Data are pre-
sented as median (horizontal line) within the interquartile range, with whiskers extending to minimum and maximum values (ie,
1.5 times the interquartile range from either end of the box). Two outliers in plot B were removed for ease of viewing (delta
of þ13% and �6.6%).
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periods of overfeeding and associated
weight gain in populations that are
exposed to the modern obesogenic
environment.8 Habitual physical activ-
ity mitigated ectopic fat accumulation
in the absence of an overt influence on
body mass (or adipose tissue) gain
during positive energy balance. This
provides further evidence on the
complex interplay between physical
activity, energy balance, and car-
diometabolic health. Future research is
warranted to explore underlying
mechanisms as well as targeted in-
terventions directed at attenuating
adverse metabolic consequences of
overfeeding in the context of the
modern obesogenic environment.
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