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Background: In humans, particularly among individ-
uals trying to lose weight, cycles of hypophagia followed
by cycles of hyperphagia are quite common and may lead
to an increased cardiovascular morbidity. The aim of the
present study was to evaluate the alterations in daily mean
arterial pressure (MAP) and heart rate (HR) during short-
term (5-day) changes in food intake.

Methods: Adult male rabbits instrumented for contin-
uous (24 h/day) telemetric recording of blood pressure
(BP) and HR were subjected to five 14-day periods of
altered food intake. Each period consisted of 5 days in
which food intake was set to �50%, �25%, �25%,
�50%, or �100% (food ad libitum) per day followed by
9 days at 150 g/day of maintenance diet.

Results: The increase in food intake induced an imme-
diate and significant increase in HR and a less pronounced
increase in MAP. Similarly, a 25% and 50% decrease in

food intake induced a decrease in HR and MAP. Unlike
the increase in HR during hyperphagia, which reached a
plateau after 1 day, the decrease in HR during hypophagia
was progressive. The effect of hyperphagia on MAP and
HR was reversible within 1 day, whereas hypophagia
induced changes were persistent over several days.

Conclusions: A highly significant linear relationship
can be established across the alterations in food intake
(from �50% to �100%) and the respective changes in
blood pressure (BP) or HR. These data suggest that prompt
changes in hemodynamics induced by alterations in food
intake might be implicated in the early events during
weight gain or during weight loss. Am J Hypertens
2003;16:302–306 © 2003 American Journal of Hyperten-
sion, Ltd.
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O verweight and obese individuals in industrialized
societies are under constant medical and social
pressure to lose weight. Because long-term

weight loss is rarely attained, this leads to repeated bouts
of dieting that usually interchange with the same number
of weight regain intervals. Health consequences of weight
cycling are still a subject of controversy.

On the other hand, even short periods of overeating or
fasting without significant changes in body weight may
affect metabolic and hemodynamic parameters. It cannot
be excluded that frequent, short-term, hyper-/hypophagia
induced hemodynamic changes may have deleterious ef-
fects on overall cardiovascular risk and thus possibly con-
fer the harmful health effects of weight cycling. However,
not much is known about the nature of the relationship
between short-term alterations in food intake and blood
pressure (BP) and heart rate (HR), particularly in humans.
In a series of six normotensive subjects of normal weight,
O’Dea et al1 reported minor changes in BP and sympa-
thetic activity (noradrenaline turnover) after 10 days of

either over- or underfeeding. In moderately obese and
borderline hypertensive women, a short (3-day) protocol
of semistarvation had very little effect on hemodynamic
parameters.2 A number of animal studies have focused on
the hemodynamic changes that occur with high fat diet
induced obesity or with food restriction; however, most of
the studies focused on the long-term effects of food alter-
ations rather than on the early phase changes, ie, within the
first few days of food alterations.

High fat diet overfeeding induces hypertension and
tachycardia in dogs3,4 and rabbits.5,6 Surprisingly, in our
rabbits,6 tachycardia and hypertension occurred within the
very first days following the switch to high fat diet. This
effect was clearly independent of weight gain, which oc-
curred later in the experiment, and was mediated to a large
extent by the activation of the sympathetic nervous sys-
tem.7 However, because the experimental protocol in our
previous studies was designed to assess the chronic effects
of high fat intake and obesity, we were unable to distin-
guish the effects of hyperphagia per se from the effects of

Received May 21, 2002. First decision July 11, 2002. Accepted
October 30, 2002.

From the Department of Medicine/Physiology, University of Fri-
bourg, Fribourg, Switzerland.

This work was supported in part by grants from the Swiss National

Science Foundation (3100-061634.00 and 3200.061687).
Address correspondence and reprint requests to Dr. Jean-Pierre Mon-

tani, Department of Medicine/Physiology, University of Fribourg, Rue
du Musée 5, CH-1700 Fribourg, Switzerland; e-mail: jean-
pierre.montani@unifr.ch

AJH 2003; 16:302–306

0895-7061/03/$30.00 © 2003 by the American Journal of Hypertension, Ltd.
doi:10.1016/S0895-7061(02)03272-7 Published by Elsevier Science Inc.

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by RERO DOC Digital Library

https://core.ac.uk/display/85212347?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


high fat diet and to study in more detail the acute changes
induced by hyperphagia with a normal fat diet.

In the present study, to gain insight into the relationship
between acute changes in food intake and hemodynamic
parameters, we followed the dynamics of BP and HR
changes and sodium balance during transient alterations in
food intake in rabbits. To keep the proportions of nutrients
ingested constant, as well as to eliminate the specific
effects of increased fat intake, normal rabbit chow was
used throughout the experiment.

Materials and Methods
Animal Preparation

Adult male lop-eared rabbits (body weight 4.33 � 0.10
kg) of the breed Bélier Français were used in this study.
All protocols were approved by the State Animal Com-
mittee. Under halothane anesthesia and aseptic techniques,
the rabbits were instrumented with an implantable pres-
sure transducer and radio transmitter (model TA11PA-
C40, Data Sciences International, St. Paul, MN) to
monitor arterial pressure by telemetry, as described previ-
ously.6 After surgery, the rabbits were housed in individ-
ual cages customized for urine collection, in a quiet air-
conditioned room with a 12-h light–dark cycle. The
rabbits were allowed to recover for at least 10 days before
the start of the experiments. All animals had free access to
tap water and were fed 150 g of standard rabbit chow daily
(Provimi Kliba, Kaiseraugst, Switzerland).

Continuous Hemodynamic
Monitoring By Telemetry

Each metabolic cage was equipped with receivers, con-
nected via a multiplexer to a calibrated pressure analog
adapter, as described previously.6 The analog pressure
signal was then sent to an A/D converter and processed by
a personal computer using customized algorithms8 to com-
pute mean arterial pressure (MAP) and HR on a beat-to-
beat basis. The signal was sampled at 500 Hz, for 5-sec
periods every 30 sec, from 10 am to 8 am the next
morning.

Experimental Protocol

Nine rabbits kept on standard rabbit chow (150 g/day)
were subjected to five 14-day cycles of altered food intake.
Each cycle consisted of 5 days of increased or decreased
food intake of regular chow followed by 9 days of recov-
ery at 150 g/day of regular chow. Altered amount of food
were �50% (75 g/day), �25% (112.5 g/day), �25%
(187.5 g/day), or �50% (225 g/day) as compared with
maintenance of 150 g/day and a period with ad libitum
food intake (301.6 � 8.4 g/day, thus about �100%). The
sequence of cycles was randomly chosen for each animal,
but such that a cycle of restricted food intake was followed
by a cycle of increased food intake. Body weight was
measured twice per week. The amount of 150 g/day of

regular chow as maintenance diet was established based
on the energy need of rabbits and empirically as quantity
that allows Bélier Français rabbits to reach 4.5 kg of body
weight at the age of 35 weeks.

Analytical Measurements

Urine sodium was determined by flame photometry (mod-
el IL 943, Instrumentation Laboratory, Lexington, MA).

Statistical Analysis

Statistical analysis within group was performed by analy-
sis of variance for repeated measurements. As each rabbit
within a group served as its own control, experimental
values were compared with control values in each group
using Dunnett’s multiple comparison procedure. Changes
were considered to be statistically significant if P was �
.05.

Results
No significant fluctuations in body weight were observed
throughout the experiment. Five-day alterations in normal
chow intake induced changes both in HR and in BP (Fig.
1A). The increase in food amount by 25% (to 187.5 g/day)
caused a slight but statistically nonsignificant rise in BP,
whereas HR increased significantly from 176.6 � 2.3
beats/min to 187.4 � 2.5 beats/min on day 1 and remained
stable until day 5 of altered food intake (188.6 � 2.1
beats/min at day 5). A 50% increase in food intake (225
g/day) induced a modest but statistically significant rise in
BP, from 66.5 � 3.9 mm Hg to 68.5 � 4.1 mm Hg at day
1 (P � .01), which remained unchanged through the 5-day
period (68.8 � 3.9 at day 5). Heart rate increased con-
comitantly from 177.2 � 3.3 to 198.7 � 2.1 beats/min on
day 1 and to 201.0 � 2.0 beats/min on day 5 of �50%
food intake. Five days of food ad libitum (301.6 g and 8.4
g/day) or �100% caused even more pronounced changes
in hemodynamic parameters. The MAP increased from
63.5 � 3.6 to 66.5 � 4 mm Hg on day 1 and to 67.9 � 4.1
mm Hg on day 5 of ad libitum intake. In parallel, HR
increased from 175.6 � 2.3 to 218.6 � 3.5 beats/min on
day 1 and to 219.5 � 4.6 beats/min on day 5.

The decrease in food intake by 25% (to 112.5 g/day)
induced a drop in BP (from 69.0 � 2.9 to 65.2 � 3.4 mm
Hg; P � .01), as well as a progressive reduction in HR
from 181.0 � 2.7 to 172.8 � 3.6 beats/min on day 1 and
to 163.5 � 3.2 beats/min on day 5. Furthermore, a 50%
decrease in food intake (75 g/day) induced a significant
drop in BP from 69.2 � 2.8 to 63.6 � 2.9 on day 5, and
a marked and progressive drop in HR from 183.0 � 4.0 to
164.1 � 4.6 beats/min on day 1 and to 151.6 � 3.4
beats/min on day 5 of the restricted food period. The
effects of moderate hyperphagia on MAP and HR were
reversible within 1 day. However, the recovery of HR after
5 days of reduced food intake was not complete within 1
week of observation. In addition, the normalization of BP
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and HR after 5 days of food intake ad libitum required
several days.

To assess the relationship between observed changes in
MAP and HR on one hand and food intake alterations on
the other, linear regression analysis was performed. For
each 5-day period of altered food intake, the mean change
in MAP and HR was calculated. As shown in Fig. 1B, a
linear relationship can be established when alterations in
MAP and HR are plotted against the changes in food
intake. Both regression lines show a highly significant
correlation (P � .001; r2 � 0.9).

Sodium balance followed the changes in MAP and HR.
Increases in food intake of 25%, 50%, and ad libitum (ap-
proximately 100%) induced a positive sodium balance of 0.9
� 1.8 mmol/day, 2.6 � 1.5 mmol/day and 6.5 � 1.0 mmol/
day, respectively, whereas decreases in food intake of 25%
and 50% caused a negative sodium balance of �0.8 � 0.6
mmol/day and �5.5 � 0.4 mmol/day, respectively.

Discussion
Although the effect of caloric restriction on reducing BP
and HR is well established in long-term experiments,9,10

the dynamic characteristics of this relationship in the
short-term are not well known. Furthermore, there is
scarce information on the acute effect of step-change in-
creases in the amount of standard diet on these hemody-
namic parameters.

We assessed the effects of 5-day quantitative alterations
in food intake. Despite the absence of body weight
changes, hemodynamic changes occurred rapidly after the
switch to altered food intake. Increase in food intake by
25%, 50%, and 100% caused a prompt increase in HR that
reached a plateau the very first day, with no further sig-
nificant increase observed during the next 4 days. This
increase in HR was accompanied by a slight but significant
increase in MAP (at the �50% and �100% food intake
levels) that followed the same dynamics. The effect of the
increase of food intake by 25% and 50% on HR and BP
was reversed within 1 day when the amount of food given
was reversed to the baseline value (150 g/day). However,
the observed increases in HR and BP with feeding ad
libitum (�100%) was more pronounced and reversed only
within several days after the end of food intake alterations.
The consequences of food intake restriction were compa-
rable in amplitude to the previously mentioned changes
with increased food intake; however, several distinctions
should be mentioned. The HR decrease induced by re-
duced food intake was progressive and did not reach a
plateau within 5 days. In addition, recovery of HR after 5
days of restricted food intake was not complete over a
period of several days. This data suggest that metabolic
adaptation and mechanisms implied in the adaptation to
reduced food intake cause changes in cardiovascular reg-
ulation that persist well beyond the period of altered food
intake.

The novel finding of this study is the information on the
nature of the relationship between the short-term alter-
ations in food intake and changes in HR and MAP. We
found that a remarkably linear relationship can be estab-
lished between the percentage change in food intake and
the respective change in HR and BP. However, it should
be noted that the relationship applies to a range from
�50% to �100% of food intake when compared with the
food quantity of the maintenance diet. One may hypothe-
size that the relationship beyond these limits, particularly
toward even more restricted food intake, is not necessarily
linear. In addition, in this study, the steady state level for
HR was not reached during 5 days of 50% food restriction,
although our linear regression is based on the average for
the 5 days of altered food intake. However, it should be
noted that linear regression based on the values from day
5 for each period shows also respectable linearity with r2

� 0.9 (data not shown).
Alterations in the autonomic nervous activity is the

most likely mechanism implicated in the hemodynamic
changes observed, although this was not tested in our
study. Adaptation to excess food intake includes an in-
crease in sympathetic activity that may lead to a rise in HR
and BP and a parallel increase in energy expenditure.11

FIG. 1. A) Changes in mean arterial pressure (MAP) and heart rate
(HR) induced by 5-day alterations in food intake. All values are
significantly different from the control value that precedes the al-
teration (P � .05), except for changes in MAP induced by 25%
increase in food intake (n � 9). All values are expressed as mean �
SEM. B) Regression analysis for mean values changes in MAP and
HR over 5-day periods plotted against the respective alterations in
food intake (n � 9). All values are expressed as mean � SEM. bpm
� beats per minute.
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However, this adaptation in rabbits shows a rapid rise to
the maximum values, which is likely driven by overfeed-
ing induced changes and which also vanishes rapidly after
the period of overfeeding. Consistent with the role of the
sympathetic nervous system is the finding that sympathetic
blockade prevents or attenuates the hypertension induced
by long-term fat overfeeding in rabbits7 and dogs.12 Hu-
man studies on short-term excess or restriction in food
intake similarly suggest a major role of the sympathetic
system in the observed hemodynamic changes.1,2,13 In
addition, a significant decrease in parasympathetic activity
may occur in overfeeding, as found in both animal14 and
human15 studies.

Insulin is a plausible candidate for the mediator of the
early effect of overfeeding on sympathetic nervous activ-
ity. The acute effects of insulin on sympathetic nervous
activity have been extensively documented.16–19 How-
ever, the role of acute hyperinsulinemia in elevating BP
remains controversial.20 Postprandial alterations in endo-
thelial function are likely to potentiate the effect of sym-
pathetic activation on the vasculature.21–23 In parallel with
impaired endothelium-dependent vasodilation, stimulation
of endothelin production by insulin may also promote
vasoconstrictive effects.24,25

Leptin, in addition to its presumed role in the chronic
regulation of food intake and energy expenditure, may also
participate in the acute changes induced by alteration of
food intake. Overfeeding induces an increase in plasma
leptin concentration within several hours.26 Elevated lev-
els of leptin through its hypothalamic peptidergic media-
tors may stimulate the sympathetic nervous system.27,28

Conversely, food restriction rapidly reduces leptin levels
in both animals29 and humans.30

The rapid changes in sodium balance that we observed
may have more than one source. Again, sympathetic acti-
vation and its renal sodium retaining effects are likely to be
involved.3 In addition, acute hyperinsulinemia may di-
rectly induce sodium retention.31

We hypothesize that even short-term fluctuations in
food intake may have harmful consequences on the car-
diovascular system. The practically continuous postpran-
dial state induced by overfeeding may alter functional
characteristics of the endothelial cells and promote vaso-
constricting events that may in turn potentiate BP eleva-
tion. In addition, the reported detrimental effects of weight
cycling on the cardiovascular risk32–34 may in part be due
to acute hemodynamic alterations induced by frequent
dieting and overfeeding.
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