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Abstract

Calorie restriction (CR) delays the development of age-associated disease and increases lifespan in rodents, but the effects in humans remain
uncertain.
Purpose: Determine the effect of 6 months of CR with or without exercise on cardiovascular disease (CVD) risk factors and estimated 10-year
CVD risk in healthy non-obese men and women.
Methods: Thirty-six individuals were randomized to one of three groups for 6 months: Control, 100% of energy requirements; CR, 25% calorie
restriction; CR + EX, 12.5% CR + 12.5% increase in energy expenditure via aerobic exercise. CVD risk factors were assessed at baseline, 3
and 6 months.
Results:  After 6 months, CR and CR+EX lost approximately 10% of body weight. CR significantly reduced triacylglycerol
(=31 % 15mg/dL) and factor VIIc (—10.7 £2.3%). Similarly CR + EX reduced triacylglycerol (—22 4+ 8 mg/dL) and additionally reduced
LDL-C (—16.0 £ 5.1 mg/dL) and DBP (—4.0 & 2.1 mmHg). In contrast, both triacylglycerol (24 £ 14 mg/dL) and factor VlIc (7.9 +2.3%)
were increased in the Control group. HDL-cholesterol was increased in all groups while hsCRP was lower in the Controls versus CR + EX.
Estimated 10-year CVD risk significantly declined from baseline by 29% in CR (P <0.001) and 38% in the CR+EX (P <0.001) while
remaining unchanged in the Control group.
Conclusions: Based on combined favorable changes in lipid and blood pressure, caloric restriction with or without exercise that induces
weight loss favorably reduces risk for CVD even in already healthy non-obese individuals.
© 2008 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction lifespan and improve quality of life. While data are convinc-
ing in shorter-lived species [1], whether calorie restriction
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worsened with aging [3-6]. At least a portion of these
age-related changes appear to be secondary to increases in
adiposity and/or reductions in physical activity [7,8] and,
therefore, may be amenable to improvements through pro-
longed caloric restriction and/or increased physical activity.

It is well established that obesity is associated with
increased CVD mortality [9] and weight loss in obese indi-
viduals by CR is associated with improvements in CVD risk
factors [10] and a lowering of coronary heart disease event
rates [11]. Increased physical activity, primarily through aer-
obic exercise also reduces the risk for atherosclerotic disease,
acute cardiovascular events, stroke and Type 2 diabetes mel-
litus [12,13]. Thus, it would be expected that increasing
physical activity as a means to achieve a negative energy bal-
ance in conjunction with CR would provide benefits at least
equivalent (or superior) to that of simply reducing caloric
intake.

The Comprehensive Assessment of the Long Term Effects
of Reducing Intake of Energy (CALERIE) study examined
the potential health benefits of CR in sedentary, non-obese,
healthy individuals. While the primary aim of the study was
to determine the impact of CR on biomarkers of longevity
and metabolic adaptation [14] the secondary aims were to
evaluate the changes in risk factors for type 2 diabetes mel-
litus [15] and CVD. We hypothesized that 6 months of CR
would improve markers for CVD and that changes in CVD
risk factors would be similar whether the energy deficit
was produced by combining exercise with CR or by CR
alone.

2. Methods
2.1. Study participants

Forty-eight healthy, non-smoking male (25-50 years)
and female (2545 years), overweight participants
(25 <BMI<30) were recruited to participate in a 6-
month intervention [14]. Participants were excluded if
they had a history of CVD, elevated blood pressure
(>160/90 mmHg), high fasting blood glucose (>126 mg/dL),
chronic medications (except oral contraceptives), smoking,
regular exercise (more than twice a week), abnormal thyroid
function or abnormal ECG. The study was approved by
the Pennington Center Institutional Review Board and the
CALERIE Data Safety Monitoring Board. All subjects
provided written informed consent.

2.2. Study design

Participants were randomized into one of four groups
for 24 weeks: Control =healthy weight maintenance diet,
CR =25% caloric restriction from baseline energy require-
ments, CR+EX=12.5% caloric restriction and 12.5%
increase in energy expenditure through structured aerobic
exercise and LCD =1low calorie diet (890 kcal/day) to rapidly

achieve 15% weight loss. Because of the different rate and
extent of weight loss (rapid over 3 months) and different
macronutrient composition, we did not include the LCD
group in this analysis. Study outcomes were assessed dur-
ing a 5-day inpatient stay at baseline and during weeks 12
(M3) and 24 (M6) of intervention.

2.3. Energy prescription

Individual values used to prescribe the daily energy con-
tent during the intervention were calculated at baseline from
total daily energy expenditure assessed during two 14-day
periods by doubly labeled water and changes in body weight
during a 2-week period when participants consumed all meals
prepared by our metabolic kitchen [14].

2.4. Diets and diet delivery

All diets were based on the American Heart Associa-
tion guidelines; 30% fat, 15% protein and 55% carbohydrate
and provided the RDA for all essential vitamins and min-
erals. During weeks 1-12 and 23-24 of the intervention,
participants consumed only foods prepared by our metabolic
kitchen. During weeks 13-22 participants self-selected a diet
based on their individual calorie target. Multivitamin and
mineral supplements (including calcium) were not permit-
ted.

2.5. Exercise

Except for participants in CR+EX, other participants
were not permitted to modify their physical activity pat-
tern. The CR + EX group increased their energy expenditure
by 12.5% above baseline by undergoing supervised aero-
bic exercise, 5 days/week. The exercise time necessary to
expend the 12.5% calorie target was determined for each
individual by indirect calorimetry (V-max, Sensormedics,
Yorba Linda, CA) and exercise sessions were monitored by
heart rate (Polar S-610, Polar Beat, Port Washington, NY)
[14]. Participants self-selected their exercise intensity which
ranged from 47 to 76% VOsmax (Women: 47-70% VOomax
and men: 48-76% VOymax). The energy expenditure target
for the exercise intervention was 403 £ 63 kcal per session
for women and 569 =+ 118 kcal for men per session which at
the self-selected exercise intensity represented 53 & 11 and
45 £ 14 min per session for women and men, respectively.

2.6. Behavioral intervention

Commencing at baseline, participants attended weekly
meetings to teach subjects how to adhere to their meal and
exercise plans and to boost motivation and morale. Empha-
sis was placed on teaching participants the skills necessary
to modify eating behavior and comply with the interventions
during the out-patient phase of the study.
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2.7. Analytical methods

Serum lipids were analyzed using a Beckman-Coulter
Synchron CX7 (Brea, CA). Total cholesterol (Total-C)
was assayed by the cholesterol esterase/oxidase/peroxidase
method, triacylglycerols (TG) by the GPO-Trinder method
and HDL-cholesterol (HDL-C) by an assay from Trinity
Biotech (Jamestown, NY). LDL-cholesterol (LDL-C) was
calculated using the Friedwald equation. The coefficient of
variation for the above assays is less than 2.0%.

Factor VII and fibrinogen were assayed on an Instrumen-
tation Laboratory ACL 3000+ (Lexington, MA). Factor VII
coagulant activity was assayed by determining the ability
of test plasma to correct the clotting time of factor VII-
deficiency plasma and expressed relative to a serial dilution
of pooled plasma. Fibrinogen was measured following a stan-
dard protocol [16]. C-reactive protein (hsCRP) was measured
by automated immunoassay with chemiluminescent detec-
tion on a DPC-2000 instrument with reagents supplied by
the instrument manufacturer.

Measurements of systolic (SBP) and diastolic (DBP)
blood pressure were taken twice 5 min apart in a quiet room
at thermo-neutrality from the participant’s right arm with a
manual sphygmomanometer by a certified staff member after
10 min seated rest.

Brachial artery ultrasound images were obtained using
a multi-frequency 7.5 MHz linear array transducer as pre-
viously described [17]. Images were acquired in the
longitudinal plane just proximal to the olecranon process of
the elbow by a single trained operator. The Doppler signal
was obtained by placing the gate in the center of the vessel,
and using an angle of incidence of <60°. Induction of hyper-
emia was accomplished by inflation of a blood pressure cuff
to 300 mmHg for 5 min on the non-dominant arm. Images
were analyzed using the Brachial Analyzer software pack-
age (MIA Vascular Tools, Coralville, IA) to obtain baseline
artery diameter, maximum post-release change in diameter
(absolute and percentage), and time to maximum post release
diameter change.

2.8. Estimates of 10-year CVD risk

Ten-year CVD risk was calculated using the gender-
specific equations developed by Anderson et al. [18]. These
equations rely upon values for total and HDL cholesterol
(expressed as their ratio), systolic blood pressure, age and
gender. Because smoking, presence of diabetes, and abnor-
mal ECG were exclusionary, these risk factors were set to
zero for all participants. Relative risk estimates at months 3
and 6 were taken as the ratio of the 10-year risk at these times
to the baseline 10-year risk.

2.9. Statistical analysis

SAS Version 9.12 (SAS Institute, Cary, NC) was used for
data analysis. Changes from baseline at M3 and M6 were

analyzed by a repeated measures approach with respect to
treatment and time and treatment X time interaction, with
baseline values included as covariates. A Bonferroni adjust-
ment was used for all pair-wise comparisons to maintain an
overall Type-I error rate of <5%. S normalizing and variance-
stabilizing logarithmic transformation was applied to CRP
variable.

3. Results
3.1. Study population

The baseline characteristics of the 35 men and women
who completed the 6-month CALERIE trial are summa-
rized in Table 1. As expected, the three groups were
matched for weight, BMI and age. They all had normal
fasting plasma glucose concentration. Furthermore, their
fasting plasma insulin concentration and insulin sensitiv-
ity measured by the minimal model [15] were suggestive
of normal glucose tolerance. Average baseline levels for all
groups were within normal ranges for blood lipids (Total-
C, HDL-C, LDL-C, TG), and blood pressure (SBP and
DBP).

3.2. Body weight

Weightloss in CR and CR + EX groups continued through-
out the study leading to a significantly greater reduction in
body weight at M6 relative to M3 in both CR (P <0.01) and
CR +EX (P <0.001), with no significant difference between
the two groups. These differences were significant with
respect to baseline and to changes in the Controls (—0.4%
(NS); Table 2).

Table 1
Participant characteristics obtained during the baseline period

Control CR CR+EX
Number (M/F) 5/6 6/6 517
Age (years) 38+8 3945 366
Race (C/AA/O)? 7/4/0 7/4/1 /411
Weight (kg) 81.8+9.3 809+114 819+105
BMI (kg/m?) 27.6+2.0 27.8+1.4 275+1.6
Total-C (mg/dL) 175+33 177+£25 169 +33
LDL-C (mg/dL) 110£32 107 £24 105 £28
HDL-C (mg/dL) 38+15 41+9 44+38
TG (mg/dL) 134 £65 146 £113 98 £ 66
SBP (mmHg) 113+ 12 111+7 111+10
DBP (mmHg) 74£10 72+8 7248
Factor VIIc (%) 1105 111£5 106 5
Fibrinogen (mg/dL) 405+19 369+29 35417
hsCRP (mg/dL) 0.30+0.08 0.25+0.07 0.15£0.03
Homocysteine (pumol/L) 6.9+0.5 7.5+0.6 6.8+0.4
Flow-mediated dilation (%) 9.8+1.9 11.6£2.1 11.7£2.1

Data are mean & S.D.
2 Abbreviations for participants’ race: Caucasian (C), African American
(AA), Asian or Latino (O).
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Table 2

Effect of caloric restriction alone or in combination with exercise on change in weight, body composition, and risk factors for CVD

Month 6

Month 3

CR+EX

CR

Control

CR+EX

CR

Control

—8.1 & 0.8%7* (=9.940.9)

—1.7 £23(-1.1£2.1)

—8.2 + 0.8%M (=10.2+0.9)

—27 %+ 1.7(=23+1.5)

—2.1 4 1.7(—24+24)
—10.7 £ 2.3 (—9.8£2.4)

—0.4 £09(-05%+1.2)
1.70 £ 2.0 (1.5+1.6)

—4.6 £ 0.4%" (=5.6+0.5)

—23£22(-1.9+20)
—1.7 £23(-1.4+3.6)
—6.5 + 1.7 (=6.3£1.6)

—5.8 & 0.4%T (=7.2+£0.4)
12 +22(1.34+2.0)
03+ 1.9(0.8+2.6)

—7.5 4 2.2 (=6.7+2.0)
—4 427 (9.6+15.7)

—0.43 + 0.10° (=31+7)

—0.3 £ 0.7 (-0.4£0.9)

A Weight, kg (% A)

0.5+ 1.8 (0.6+ 1.6)
—09+12(-12£1.7)

A SBP, mmHg (% A)

—4.0 £ 2.1° (—4.7£2.8)
—33 £ 58(=24459)

—0.7 £ 1.2(-09%+1.7)

A DBP, mmHg (% A)

79 +£23*(7.1£2.2)
—50 £ 22 (—12.1£5.6)
—0.39 £ 0.12* (=27+£8)

22 +40(2.1£3.6)
—18 £ 24 (-24%£5.7)
—0.13 £ 0.20 (12£31)

A Factor VIIc, % (% A)

-2+ 14(-03+£42)

—048 £ 0.17° (=27 + 14)
—0.07 £ 0.32 (1.0+4.5)

—6+ 27 (84+154)
—0.14 + 0.22 (29 +53)
—0.04 + 0.23 (0.042.7)

—13 £ 17 -2.8+4.7)
—0.36 £ 0.14* (=24 £9)

A Fibrinogen, mg/dL (% A)

A In(hsCRP), In(mg/dL) (% A)*
A Homocysteine, pmol/L (% A)

0.02 £ 0.34 (1.8 +£3.9) 0.07 £ 0.28 (1.5+4.4) 0.05 +£ 0.22 (2.24£3.5)

—0.03 £ 0.18 (=1.1£2.5)

12. Statistically significant from baseline: 2P <0.05; °P <0.01; P <0.0001. Statistically

11;CR,n=12,CR+EX, n

Data are mean & S.E.M. Percent change from baseline are shown in parenthesis; Control, n
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significant from Control: *P <0.01; TP <0.0001. Statistically significant from month 3: YP<0.01; 2P <0.001.

# Percent change calculated from non-transformed data.

3.3. Blood lipids

Significant reductions from baseline in LDL-C were
observed in CR + EX at both M3 and M6 (P <0.001). LDL-
C was not significantly changed in either the Control or CR
groups (Fig. 1). At M6, the reduction in LDL-C in CR + EX
was significantly different compared to Controls, but not to
CR. HDL-C was unchanged at M3, but was significantly
increased at M6 in all groups. There were no significant dif-
ferences in HDL-C between the groups at any time point. TG
concentrations increased (P <0.05) in the Control group but
decreased at M3 (P <0.05) and M6 (P<0.001) in CR and
CR +EX groups. At both time points, changes in TG levels
in CR and CR + EX were significantly different (P <0.05 to
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Fig. 1. Effects of caloric restriction alone or in combination with exercise
on serum lipid levels. Data are changes from baseline for (Control group:
n=11; CR group: n=12; and CR+EX group: n=12) at months 3 and 6.
Error bars are S.E.M. Statistically significant from baseline: a, P <0.05; b,
P<0.01; ¢, P<0.001.
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P <0.001) when compared to the Control group, but not when
compared to each other.

3.4. Blood pressure

At M6, DBP was significantly reduced relative to baseline
in CR + EX (P <0.05; Table 2). However, there was no effect
of either intervention on SBP.

3.5. Hemostasis factors, homocysteine and markers of
inflammation

Factor VIIc was reduced in CR at M3 (P<0.05) and
M6 (P<0.01), while it remained unchanged in CR+EX
(Table 2). In contrast, factor VIIc in the Control group was
significantly elevated from baseline at M6 (P < 0.05). The fac-
tor VIIc reduction in CR was significantly (P <0.01) different
from the Control group at M6. Fibrinogen and homocysteine
concentrations were not changed in the Control or the inter-
vention groups over the course of the study. hsCRP levels
were significantly reduced in CR +EX at both time points
and in CR at M3 only (P <0.01). hsCRP was reduced in the
Control group at M6 only (P < 0.05). However, there were no
differences in the change in hsCRP at M3 or M6 between the
two interventions and the Control groups.

3.6. Brachial artery flow-mediated dilation

Brachial artery flow-mediated dilation (BA-FMD), a
marker of endothelial function, was not significantly changed
relative to baseline in any group across time (Fig. 2). Further-
more, there were no significant effects of either intervention
group on endothelial function.

3.7. Estimated 10-year CVD risk

Estimated 10-year CVD risk at baseline was low in
all groups (Control, 3.4 4+ 1.3%; CR, 2.5 £0.6%; CR +EX,
1.5 4£0.6%) due primarily to the relatively young age and
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Fig. 2. Effects of caloric restriction alone or in combination with exercise
on brachial artery flow-mediated dilation (BA-FMD). Data are change from
baseline for the Control group (n=11), CR group (n=12) and CR+EX
group (n=12) at months 3 and 6. Error bars are S.E.M.
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Fig. 3. Effects of caloric restriction alone or in combination with exercise on
estimated 10-year CVD risk relative to baseline. Data are the log of the ratio
of months 3 and 6 over baseline values for 10-year estimated CVD risk for
the Control group (n=11), CR group (n=12) and CR+EX group (n=12)
at months 3 and 6. Error bars are S.E.M. Numbers at the top of each bar are
estimated percent reduction in risk. Statistically significant from baseline: c,
P<0.001.

good health of the study population. Caloric restriction had a
substantial effect on estimated CVD risk (Fig. 3). Expressed
as estimated risk relative to baseline values, relative risk lev-
els at M6 were significantly reduced in CR and CR+EX
(P<0.001). The reduction in relative risk was achieved more
quickly in the CR + EX group in that it was already signifi-
cantly reduced at M3 and tended to be larger at M6 compared
to the CR group. Relative risk in the Control group was
unchanged.

4. Discussion

This randomized clinical trial examined the short-term
benefits of 25% caloric restriction with and without exer-
cise on established and emerging risk factors for CVD. We
observed significant reductions in triacylglycerol (TG) in
both the CR and CR+EX groups. Additionally, LDL-C,
blood pressure and hsCRP were reduced in CR + EX group
while factor VIIc level was reduced only with CR. Fibrino-
gen, homocysteine and endothelial function were not changed
by either intervention, despite 10% reductions in body weight
in both groups. Estimated 10-year CVD risk was signifi-
cantly reduced by the interventions, with a tendency towards
a greater reduction in the group assigned to caloric restriction
and structured exercise.

Weight loss reduces LDL-C and TG whereas active weight
loss reduces HDL-C even if HDL-C is increased once weight
loss is stabilized. Based on prediction equations [19] and the
degree of weight loss achieved in our study at 6 months,
we would expect the CR group to experience a 5.8 mg/dL
reduction in LDL-C, a 10.3 mg/dL reduction in TG, and a
2.1 mg/dL reduction in HDL-C if in active weight loss (or a
2.7mg/dL increase at weight stability). For CR, the change
in LDL-C (—4.1 mg/dL) was close to that predicted while
HDL-C was increased (+1.2mg/dL). The decrease in TG
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(—31 mg/dL) was however substantially greater than pre-
dicted. Weight loss and changes in HDL-C and TG were
similar in the CR + EX group versus the CR group. However,
the reduction in LDL-C in the CR + EX group (—17 mg/dL
versus Control) was four-times greater than that observed in
the CR group and much greater than predicted by weight
loss alone. Such a large effect of exercise on LDL-C has not
been typically observed [20,21] and may in part reflect the
carefully controlled exercise protocol.

Both atherosclerosis and CVD are recognized as inflam-
matory diseases [22] and consistently elevated levels of
hemostatic factors (factor Vllc, fibrinogen), homocysteine
and C-reactive protein (hsCRP) are associated with increased
risk for CVD and cardiac events [23-25]. In our study, fac-
tor VIIc levels were significantly reduced in the CR group,
but not the CR + EX group. This contrasts with an increase
in factor VIIc levels in the Control group at M6 providing
a significant treatment effect. Changes in factor VIIc levels
are known to correlate with changes in TG [26] which may
in part explain the observed changes in the Control and CR
groups. Homocysteine levels were not affected by the inter-
ventions confirming other data [27]. hsCRP and fibrinogen
are both acute phase reactants and markers of inflammation
[25]. There was a trend for both interventions to lower hsCRP.
However, the responses were inconsistent with a large degree
of variability and the data suggest that the observed favor-
able change in inflammatory markers was a function of an
improvement in diet quality, rather than an effect of CR or
CR+EX.

Endothelial dysfunction, an early event in CVD, can
be assessed by measures of flow-mediated endothelium-
dependent vasodilation of the brachial artery (BA-FMD).
Impaired BA-FMD predicts coronary endothelial dysfunc-
tion and is influenced by plasma lipoprotein levels [28], Type
2 diabetes [29], insulin resistance [30] and hypertension [31].
Thus, many of the risk factors targeted by caloric restric-
tion could commonly impact endothelial function. However,
despite generally favorable changes in many of the CVD risk
factors and insulin sensitivity [15], we did not observe an
improvement in BA-FMD in either intervention group. Pre-
vious studies of the effects of caloric restriction and weight
loss on BA-FMD are controversial with some studies show-
ing improved endothelial function [32] while others have not
[27,33] and may be reflective of health status of the studied
population. It is conceivable that an effect of the interven-
tions could be identified with a longer intervention period
and a larger sample size.

While the changes in individual risk factors were gener-
ally modest, when combined in a single prediction equation
for CVD risk [18], the overall effect of caloric restriction
was impressive. A 32% reduction in 10-year CVD risk was
predicted based upon the combined changes in total choles-
terol, HDL-C and systolic blood pressure. All participants
in the CR and CR + EX groups experienced some degree of
CVD risk reduction relative to baseline, while only 5 of 11
participants in the Control groups experienced such reduc-

tions. Furthermore, although not statistically significant, the
addition of exercise appeared to be associated with a more
favorable CVD risk profile than caloric restriction alone. By
study design, we did not examine the effects of energy deficit
by exercise alone, but a recent study published by Fontana
et al. observed a similar reduction in CVD risk between by
exercise alone as compared to CR alone [34]. Several caveats
must be considered when interpreting these changes. First,
our population was relatively young and included four par-
ticipants under the age of 30 and therefore outside of the age
range (30-74) used to generate the risk equations. Further-
more, the risk equations take into consideration only changes
in serum lipids and blood pressure. Newer equations, cur-
rently available for women only [35], also consider the effects
of hsCRP on CVD risks. However, when applied to women
only, the equation still predicted a 25-30% reduction in 10-
year CVD risk in the CR and CR + EX groups while it was
essentially unchanged in the Control group (+2%).

The lack of clear independent effect of training on CVD
risk factors was of surprise to us. Yates et al. [36] system-
atically reviewed all the controlled trials to determine the
independent effect of exercise on glucose levels and risk of
type 2 diabetes in people with prediabetes (IGT and/or IFG).
They concluded that the contribution of physical activity
independent of dietary or weight loss changes to the pre-
vention of type 2 diabetes in people with prediabetes was
equivocal. However, studies such as the Diabetes Preven-
tion Program clearly identified that intensive lifestyle changes
including increased physical activity reduced the incidence of
diabetes in persons at high risk [13]. Finally in a prospective
epidemiology study, low physical fitness was found to be a
strong and independent predictor of CVD and all-cause mor-
tality [37]. However, in a randomized clinical trial of graded
dose of exercise training in previously sedentary, overweight
or obese postmenopausal women with elevated blood pres-
sure, Church et al. did not find exercise training to reduce
blood pressure despite observing a graded increase in fitness
across doses of exercise [38]. Taken together, while exercise
is clearly protective against premature mortality and morbid-
ity the mechanisms responsible for this are unclear with many
studies observing common CVD risk factors not improving
in response to exercise.

The design of this study was unique from several per-
spectives. First, care was extended in establishing baseline
energy requirements and tailoring the subsequent interven-
tion to achieve a 25% deficit in energy intake in each
participant. Second, all estimates of CVD risk factors were
obtained while participants were consuming diets of iden-
tical macronutrient composition, albeit at different absolute
amounts. Importantly this approach allows us to isolate the
effects of changes in caloric intake independent of changes
in diet composition, a variable known to strongly influence
several CVDrisk factors. Finally, the interventions were care-
fully delivered and monitored. As a result, both intervention
groups (CR and CR+EX) had gradual and almost identi-
cal reductions in body weight throughout the course of the
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study. However, there are some limitations that should be
noted when interpreting these results. First, our study sam-
ple size was relatively small limiting our power to detect
between group differences. Second, our study was only 6
months in length. Caloric restriction is viewed as a lifestyle
change extending over years. However, the data are gen-
erally consistent with the benefits observed with longer
caloric restriction in self-selected individuals engaging in CR
[39].
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