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Abstract
Context—Prolonged calorie restriction (CR) increases lifespan in rodents. Whether prolonged CR
affects biomarkers of longevity, markers of oxidative stress, and reduces metabolic rate, beyond that
expected from reduced metabolic mass, has not previously been tested in humans.

Objectives—To examine the effects of 6 months of calorie restriction, with or without exercise in
nonobese (25≤BMI<30) humans.

Design, Setting, and Participants—Healthy, sedentary men and women (n=48) were
randomized to one of four groups for 6-mo; Control=100% of energy requirements; CR=25% diet
restriction; CREX=12.5%CR+12.5% increase in energy expenditure; LCD=low calorie diet until
15% weight reduction followed by weight maintenance.

Main Outcome Measures—Body composition, dehydroepiandrosterone sulfate (DHEAS),
glucose, insulin, protein carbonyls, DNA damage, 24h energy expenditure (24h-EE, metabolic
chamber) and core body temperature.

Results—Weight change at M6 was -1.0(1.1)% (Control), -10.4(0.9)% (CR), -10.0(0.8)% (CREX),
-13.9(0.7)% (LCD). At M6, fasting insulin was reduced from baseline in CR, CREX and LCD groups
(all, p<0.01), whereas DHEAS and glucose were unchanged. Core temperature was reduced in CR
by 0.2(0.05)°C and by 0.3(0.08)°C in CREX (both, p<0.05). After adjustment for changes in body
composition, sedentary 24h-EE was unchanged in controls (-18(52) kcal/d; p>0.05), but decreased
in CR (-135(42)kcal/d), CREX (-117(52)kcal/d) and LCD (-125(35)kcal/d, (all, p<0.008). These
“metabolic adaptations” (~6% more than expected based on loss of metabolic mass) were statistically
different from controls (p<0.05). DNA damage was also reduced from baseline in CR, CREX and
LCD groups at M6 (p≤ 0.002).

Conclusion—These results show that two previously reported biomarkers of longevity (fasting
insulin and body temperature) are reduced by prolonged CR in humans and support the theory that
metabolic rate is reduced beyond the level expected for reduced metabolic body size. Studies of
longer duration are now required to determine if CR attenuates the aging process in humans.
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Introduction
Prolonged calorie restriction (CR) increases lifespan in rodents and other shorter-lived
species1. Whether this occurs in longer-lived species is unknown, although the effect of
prolonged CR in non-human primates is under investigation. One hypothesis to explain the
anti-aging effects of CR is reduced energy expenditure (EE) with the consequent reduction in
reactive oxygen species (ROS) production 2, 3. However, other metabolic effects associated
with CR, including altered insulin sensitivity and signaling, altered neuroendocrine function,
altered stress response, or a combination of these may retard aging 4.

Total EE is made up of resting EE (50-80% of energy), the thermic effect of feeding (~10%),
and non-resting EE (10-40%) 5. Whether energy expenditure is reduced beyond the level
expected for a given reduction in the size of the metabolizing mass following CR is debated.
Leibel et al. 6 showed that 10% weight loss reduced sedentary 24h energy intake for weight
maintenance between 15-20% in obese subjects, suggesting that metabolic adaptation is
occurring in humans. However, weight loss was achieved quickly with liquid diets and except
for a few normal weight subjects in that study, the effects of prolonged CR on energy
expenditure in non-obese humans have not been tested. In rhesus monkeys, resting EE adjusted
for fat-free mass and fat mass was lower after 11 years of CR 7. Similarly, total EE was lower
in CR monkeys following 10 years of weight clamping 8. Studies in rodents have proven more
controversial with reports of decreased, no change, or increased adjusted EE between CR and
ad libitum fed animals 9-13.

One of the most widely accepted theories of aging is the oxidative stress theory, which states
that oxidative damage produced by ROS accumulate over time leading to the development of
disease such as cancer, aging, and ultimately death. ROS are byproducts of energy metabolism,
with 0.2-2.0% of oxygen consumption resulting in ROS formation 15, 16. ROS attack lipids,
proteins, and DNA generating a number of products that affect normal cell functioning 17.
Studies in rodents demonstrate a 30% decrease in 8-oxo7,8-dihidro2’deoxyguanosine
(8oxodG) in brain, skeletal muscle and heart, similar reductions in carbonyl content in brain
and muscle18- 22 and exhibit transcriptional patterns that suggest decreased oxidative stress
in response to CR23. However, rhesus monkeys subjected to calorie restriction exhibit
divergent responses in the expression of genes involved in oxidative stress 24.

Core temperature, dehydroepiandrosterone sulfate (DHEAS) and insulin are proposed
biomarkers of CR and longevity in rodents and monkeys 25. Data from the Baltimore
Longitudinal Study of Aging support the association between longevity and temperature,
insulin, and DHEAS with men with plasma insulin concentration or oral temperature below
median and DHEAS above median living longer 26. Furthermore, in a cross-sectional study
comparing individuals on self-imposed nutritionally adequate CR for 6 years to normal weight
controls, Fontana et al 27. reported that CR subjects had lower serum glucose, insulin, and
markers of atherosclerosis.

The aims of this study were to establish whether prolonged CR by diet alone or in conjunction
with exercise can be successfully implemented in non-obese subjects and to determine the
effects of the interventions on established biomarkers of CR, sedentary energy expenditure,
and oxidative damage to DNA and proteins.
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Methods
The Comprehensive Assessment of the Long Term Effects of Reducing Intake of Energy
(CALERIE) study is a randomized clinical trial funded by the National Institute on Aging
conducted at the Pennington Biomedical Research Center, Louisiana. The Internal Review
Board at Pennington and an independent data safety monitoring board approved the protocol
and subjects provided written informed consent. The study was conducted between August
2002 and July 2004.

Subjects
Potential participants completed 3 screening visits during which many parameters were
recorded to ensure subjects were physically and psychologically healthy, including height,
weight, blood pressure, electrocardiogram, chemistry 15 panel, and complete blood counts.
Five hundred ninety nine individuals were screened; 551 were excluded, 460 of these were
ineligible and 91 withdrew during screening (Figure 1). Race and ethnicity were self reported.

Baseline
Total energy expenditure was measured twice (two-week periods) at baseline using doubly
labeled water, once while participants followed their usual diet at home (B1) and another time
while being provided with a weight maintenance diet (B2). Briefly, subjects provided 2 urine
samples before being dosed (2.0 g of 10% enriched H2

18O and 0.12 g of 99.9%
enriched 2H2O per kg of estimated total body water) and additional timed samples were taken
at 4.5 and 6h and 7 and 14 days after dosing. Carbon dioxide production and energy expenditure
were calculated as previously described 28, 29. After B2, subjects attended a 5-day inpatient
stay (M0) where numerous metabolic tests were conducted. Subjects repeated the inpatient
stay at M3 and M6.

Intervention
After stratification by sex and BMI, subjects (n=48) were sequentially randomized into one of
four groups for 6-months: Control (weight maintenance diet), CR = 25% calorie restriction of
baseline energy requirements, CREX = 12.5% CR + 12.5% increase in energy expenditure by
structured exercise, LCD = very low calorie diet until 15% reduction in body weight followed
by weight maintenance diets. Except for the intervention team all personnel involved in data
collection were blinded to subject information including treatment assignment.

Diets
Energy requirements at baseline were individually calculated from measured EE. Menus were
then prescribed for each subject within 100 kcals of daily target intake. Menus were designed
using Moore’s Extended Nutrient Database (MENu 2000, PBRC, Baton Rouge, LA) and
ProNutra 3.0 (Viocare, Princeton, NJ). Participants were provided with all their food at baseline
(B2) and for the first 12 weeks after randomization. Participants ate 2 meals at the centre each
week-day with 1 meal plus snacks packaged for take-out. From weeks 13-22, participants self
selected their diet based on individual calorie targets. From weeks 22-24 they returned to the
in-feeding protocol. All diets (except LCD) were based on American Heart Association
recommendations (≤ 30% fat). LCD participants were placed on 890 kcal/d (HealthOne, Health
and Nutrition Technology, Carmel, CA) given as 5 shakes containing 75g protein, 110g
carbohydrate, 5g of fat plus a 10g bolus of fat per day. Once target weight loss (-15%) was
achieved, participants were slowly re-fed to an energy level that maintained body weight.
Generally, target weight was achieved by week 8 in men and by week 11 in women.
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Behavioral and Exercise Strategies
Subjects attended weekly group meetings and initiated a mid-week phone call to report energy
intake so that any problems adhering to the protocol were quickly addressed. Cognitive-
behavioral techniques were utilized to foster adherence to diet and exercise prescriptions
including self-monitoring and stimulus control. The Health Management Resources Calorie
System (HMR™, Boston, MA) was used to train participants to estimate the caloric content
of food.

CREX participants increased energy expenditure by 12.5% above resting by undergoing
structured exercise (walking, running, cycling) five days per week. The target energy cost was
403(63) kcal per session for women and 569(118) kcal per session for men. Individual exercise
prescriptions were calculated by measuring the oxygen cost (V-Max29 Series, SensorMedics,
Yorba Linda, CA) at three levels of the prescribed activity and an equation for estimating
energy expenditure was generated. Mean exercise duration per session was 53(11) min in
women and 45(14) min in men. Participants were required to conduct 3 sessions per week
under supervision and wore portable heart rate monitors (Polar S-610, Polar Beat, Port
Washington, NY) to assess compliance during unsupervised sessions.

Biochemical Analysis
Fasting serum insulin, DHEAS, thyroxine (T4) and tri-iodothyronine (T3) were measured using
immunoassays (DPC 2000, Diagnostic Product Corporation, Los Angeles, CA). Glucose was
analyzed using a glucose oxidase electrode (Syncron CX7, Beckman, Brea, CA). The carbonyl
content in proteins was determined using a modified 2,4-dinitrophenylhydrazine (DNPH) assay
according to the method of Mates et al 30.

Metabolic Tests
Weight was measured weekly in a hospital gown following a 12-h fast, after participants had
voided. All other tests were conducted while participants were inpatient at M0, M3 and M6.
Fasting blood samples were taken. Body composition was measured by DEXA (Hologics,
QDA 4500A Bedford, MA). Sedentary EE (24h-EE) was measured over 23-hours in a whole
room indirect calorimeter as previously described 31. Three meals and one snack were provided
at scheduled intervals and participants were instructed to eat all their food within 30 minutes.
EE was calculated from VO2, VCO2 and 24h urinary nitrogen excretion 32 and extrapolated
to 24h. Sleeping EE was calculated between 02:00-05:00 am, when the motion detectors were
reading zero activity. At baseline, energy intake was matched to measured energy expenditure.
In keeping with the assigned protocols, controls were fed the same calories on their return
visits, whereas CR subjects were fed 25% less and CREX subjects 12.5% less than measured
baseline 24h-EE at M3 and M6. At M3, LCD participants were fed so energy intake was
matched to measured energy expenditure. In conjunction with the metabolic chamber at
baseline and M6, core temperature was measured every minute by telemetry pills (CorTemp™,
HQ inc, Palmetto, FL) 33. Mean 24-h, day (8am –10:30pm) and night (2am – 5am)
temperatures were computed. Due to malfunctions with the monitor or subjects passing the
pill, complete data was only obtained in 7/11 controls, 11/12 CR, 8/12 CREX and 9/11 LCD
subjects.

DNA Fragmentation measured by Single Cell Gel Electrophoresis (Comet assay)
The comet assay was conducted according to Deutsch et al 34. Briefly, whole blood cells were
suspended in low melting point agarose on commercially available slides (Trevigen,
Gaithersburg, MD). The slides were viewed under a UV microscope (Nikon Microphot FXA,
Hamamatsu high resolution 512 lines, Image I AT software, FITC 3 filter). The extent of DNA
damage was determined by calculating the comet tail moment, which is the integrated density
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in the comet tail multiplied by the distance from the center of the nucleus to the center of mass
of the tail of 25 cells using freely available software (Herbert M Geller;
http://www2.umdnj.edu/~geller/lab/comet-Scoring-Macro.txt). In 20 individuals measured on
two consecutive days, the intraclass correlation coefficient of the method was 0.95.

Statistical Analysis
Data in text and tables are provided as means (SEM). SAS Version 9.1 was used for analysis.
The change in variables from baseline at M3 and M6 were analyzed by repeated measures with
treatment and time interactions and baseline values included as covariates. Linear regression
at baseline (n=48) was used to generate equations for predicting EE and the predicted values
were generated using the equation with measured FFM. Differences between predicted and
measured EE were calculated and analyzed by ANOVA as described above. To reinforce our
conclusion, a similar approach was used to generate predictive equations from a reference
population of 865 non diabetic individuals measured in a similar metabolic chamber 35. A
normalizing and variance-stabilizing logarithmic transformation was applied to the calculated
tail moments for the comet assay. The target samples size of 48 provided the necessary power
to detect a 15% reduction in the primary endpoint, sedentary energy expenditure.

Results
Two individuals withdrew prior to completion of the study, one from the control group at week
4 (personal reasons) and one from the LCD group at week 5 (lost to follow up). Subjects were
provided monetary compensation during and upon completion of the study. This, along with
frequent contact with the interventionist facilitated the excellent retention rate.

Baseline characteristics of subjects by sex are described in Table 1. Weight loss at M6 by group
was −1.0(1.1) % (C), −10.4(0.9)% (CR), -10.0(0.8)% (CREX), -13.9(0.7)% (LCD) of initial
body weight (Figure 1). Fat mass (FM) was significantly reduced in all 3 intervention groups
as compared to baseline and the controls at M3 and M6 (M6; CR - 24(3)%, CREX -25(3)%,
LCD -32(3)%, p<0.001). FFM was significantly reduced in CR - 5(1)%, CREX -3(1)% and
LCD -6(1)% groups as compared to baseline and controls at M6 (all, p<0.001).

Fasting insulin was significantly reduced from baseline at M3 and M6 in CR and CREX groups
(both, p<0.01; Figure 2) and at M6 in all groups (all, p<0.01, Figure 2). Fasting glucose and
DHEAS were not changed in any group. Subjects randomized to CR (- 0.2(0.05)°C) and CREX
(-0.3(0.08) °C) had reduced mean 24-h core body temperature (both, p<0.05, Figure 3). There
was no change in core temperature in control or LCD groups.

Absolute 24-h EE and sleeping EE were significantly reduced from baseline in CR, CREX and
LCD groups (all, p<0.001, Table 2). At baseline, FFM accounted for 86% of the variance in
sedentary 24h-EE [24h-EE (kcal/d) = 596 + 26.8 * FFM, r2 = 0.86, p<0.001], whereas FM,
age and sex did not statistically account for any additional variance. Compared to predicted
values from this equation, measured daily 24h-EE at M3 and M6 were unchanged in controls
and reduced in CR, CREX, LCD (Table 2). Individual data points at M6 and the baseline
regression line for 24h-EE vs. FFM are presented in Figure 4. When subjects from the three
intervention groups were pooled, adjusted 24-h EE values were statistically lower than controls
at M3 and M6 (p < 0.05). Since the above equations were generated in only 48 subjects, we
also compared the 24h-EE data from each group to 865 individuals measured in a similar
metabolic chamber at NIDDK in Phoenix 35. Importantly, 24h-EE was not different between
the reference population and the CR, CREX or LCD groups at baseline or at any time point in
the controls. However, adjusted 24h-EE was significantly lower at M3 and M6 in CR, CREX
and LCD (all, p<0.01). Similar to 24h-EE, measured sleeping EE was lower than predicted at
M3 and M6 in CR and CREX groups (Table 2 and Figure 4). There were no significant changes
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from baseline in the level of spontaneous physical activity and in the thermic effect of food
expressed as percentage of energy intake.

Plasma T3 was reduced from baseline in the CR (-10.2 ng/dL (0.15 nmol/L)) and LCD (-18.9ng/
dL (0.29nmol/L)) groups at M3 (both, p<0.01) and in CR (-8.9ng/dL (0.13nmol/L)), CREX
(-4.52ng/dL (0.07nmol/L)) and LCD (-23.24ng/dL (0.36nmol/L)) groups at M6 (all, p<0.02).
A significant treatment effect for plasma T3 (p=0.001; Figure 2) with only a tendency for a
time effect (p=0.07) was observed. Similar results were found for change in plasma T4 in
response to treatment (p<0.05). When the subjects in the three treatment groups were combined,
we observed significant linear relationships between the change in plasma thyroid hormones
and deviations in measured 24h-EE from predicted values at M3 only (T3; r=0.40, p=0.006
and T4; r=0.29, p=0.05).

Serum protein carbonyl concentrations were not changed from baseline to M6 in any group
(Figure 5). DNA damage was reduced from baseline in CR (-0.56 (0.11)au), CREX (-0.45
(0.12)au) and LCD (-0.35 (0.12)au) groups at M6 (all, p<0.005), but not in the controls (Figure
5). This decrease was not statistically different to controls when the three treatment groups
were combined. We found no significant relationships between the changes in DNA damage
and the changes in adjusted EE, FM, or body weight.

Discussion
Since the pioneering experiments by McCay et al. 36, it has been known that calorie restriction
(CR) extends lifespan in rodents and other lower species. However, little is known about the
long-term effects of CR in humans. In the present study, we examined the effects of 6-months
CR on biomarkers of CR, energy expenditure, and oxidative stress in humans. Our results
indicate that prolonged CR caused: 1) a reversal of two out of three previously reported robust
biomarkers of longevity (fasting insulin and core body temperature); 2) a metabolic adaptation
(decrease in EE larger than expected on the basis of loss of metabolic mass) associated with
lower thyroid hormone concentrations and 3) a reduction in DNA fragmentation as a result of
less damage to DNA.

Numerous biomarkers of CR have been identified in rodents including temperature, DHEAS,
glucose, and insulin. Roth et al. 26 recently observed that body temperature, insulin, and
DHEAS were also altered in CR monkeys, validating their usefulness as biomarkers in longer
lived species. Importantly, they also showed that these parameters were altered in longer-lived
men. These findings support the role of these factors as biomarkers of longevity in humans.
Similar to the primate model, we observed significantly reduced fasting insulin and body core
temperature in CR and CREX groups. However, DHEAS and fasting glucose were unchanged
by intervention. Most likely, this study was of insufficient duration to detect changes in
DHEAS, which have been calculated to fall 2-4% per year in humans. Fasting glucose is not
consistently altered by prolonged CR in primates and thus we question whether fasting glucose
is useful as a biomarker in longer-lived species. On the other hand, Fontana et al. 27 observed
that fasting glucose and insulin were substantially reduced in CR subjects who had been
following self-prescribed nutritionally adequate CR diets for 6 years.

Previous studies are inconclusive regarding whether metabolic rate is reduced following
prolonged CR. In rodents, adjusted resting EE was not different from controls after restricting
energy intake for six months 11 or for the entire life span 12. In monkeys, adjusted resting EE
was reduced by 60kcal/d after 11 years of CR 7, but previously these authors had reported no
metabolic adaptation after 42 months 38. Indeed, there are numerous reports in the literature
showing either reduced or unchanged adjusted EE after prolonged CR in monkeys 8, 25. In
humans, the effects of prolonged, nutrient dense, calorie restricted diets on non-obese subjects
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have not been formally investigated. In the Keys starvation study 39, adjusted resting EE was
decreased and this coincided with a reduction in temperature indicating a real metabolic
adaptation 40. Adjusted 24h-EE was also lower in 5 subjects after 2-years CR in the Biosphere
2 experiment as compared to 152 control subjects 41. However, resting-EE was not altered in
overweight women following liquid calorie diet to normal body weight and 10 days of weight
stabilization 42. In this study, we observed a metabolic adaptation over 24-hour in sedentary
conditions and during sleep following 6-months of CR. The metabolic adaptation in the CREX
group was similar to that observed in CR group, suggesting that energy deficit rather than CR
itself is driving the decrease in energy expenditure. Importantly, the metabolic adaptations
were closely paralleled by a drop in thyroid hormone plasma concentrations confirming the
importance of the thyroid pathway as a determinant of energy metabolism43. Of significance,
the metabolic adaptation occurred in the first 3-months after intervention with no further
adaptation at 6 months, even though weight loss continued in CR and CREX groups. Metabolic
adaptation was also observed over 24 hours but not during sleep in LCD subjects who were
weight stable when measured at M3 and M6. Possible explanations for the lack of significant
adaptation during sleep in this group include a smaller sample size and that two men were
regaining weight at M6. Interestingly, core temperature and fasting insulin at M3 were also
not changed in this group, despite the largest amount of weight loss. Whether metabolic
adaptation persists during weight loss maintenance remains to be determined in humans.
Spontaneous physical activity and the thermic effect of food were not changed from baseline.
However, even if these two factors can account for some of the metabolic adaptation, it should
be remembered that the thermic effect of food account for only 10% of daily energy expenditure
44 and the cost of activity is already accounted for by a decrease in body weight. Therefore,
these 2 factors can only account for a minor part of the metabolic adaptation.

The inverse relationship between increased free radical production, oxidative damage to DNA
and maximum lifespan has been demonstrated in numerous studies 45, 46. Caloric restriction
in mice down regulates genes involved in oxidative stress and reduces oxidative damage
(8oxodG), lipid peroxidation and protein carbonyls 18, 20, 21, 23. In non-human primates,
genes involved in protection against oxidative stress are not altered by CR, although protein
carbonylation is reduced 22. In obese humans, protein carbonylation is also reduced after 4
weeks of CR 47. Whilst we observed no change in protein carbonylation, we are the first to
report a significant decline in DNA damage following six months of CR in nonobese humans.
Contrary to our hypothesis, the reduction in DNA damage was not associated with reduced
total or adjusted O2 consumption in the metabolic chamber. Considering the lack of correlation
between these parameters and the lack of response in protein carbonylation in response to CR,
we are hesitant to conclude that CR reduces oxidative stress overall. Clearly, more studies
investigating different measures of oxidative stress, such as 24-h urinary samples of 8oxodG
are required. Furthermore, other factors (such as mitochondrial function) may play an important
role in the accumulation of oxidative stress. Indeed, the importance of uncoupling proteins in
protection against ROS production, independent of changes in proton kinetics and
mitochondrial respiration has recently been demonstrated48.

The results of this study show that prolonged CR by diet or by a combination of diet and exercise
was successfully implemented as evidenced by reduced weight, fat mass, fasting serum insulin
and body core temperature. This study is unique in that individual energy requirements were
carefully measured at baseline allowing us to feed and prescribe individual diet goals for each
subject. Furthermore, we observed that “metabolic adaptation” develops in response to energy
deficit in non-obese humans at 3 and 6 months leading to reduced oxygen consumption per
unit of fat-free mass, even after weight stability is achieved. Finally, this study confirms
previous findings that calorie restriction results in a decline in DNA damage. However, longer
studies are required to determine if these effects are sustained and impact the aging process.
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Figure 1.
Participant Flow in the Trial.
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Figure 2.
Percentage weight loss by group. Initial weight was recorded as the mean of 5 weights measured
weekly during the baseline phase. The change in weight over time was significantly different
between the control group and the three intervention groups (p<0.001) and between LCD and
CR, CREX groups (p<0.001), but percent weight loss at Week 24 was not significantly different
between LCD, CR and CREX groups.
Footnote: CR = calorie restriction, CREX = calorie restriction plus exercise, LCD = liquid
calorie diet.
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Figure 3.
Fasting plasma glucose, insulin, dehydroepiandrosterone sulphate (DHEAS), and triiodo-
thyronine (T3) at baseline, Month 3 and Month 6.
Footnote: CR = calorie restriction, CREX = calorie restriction plus exercise, LCD = liquid
calorie diet.
SI conversion factors: to convert glucose to mmol/L, multiply by 0.0555: insulin to pmol/L,
multiply by 6.945; DHEAS to nmol/L, multply by 3.47; and T3 to nmol/L, multiply by 0.0154.
* Statistically different from baseline p<0.05.
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Figure 4.
Change in core body temperature from baseline to M6 measured over 23h inside a metabolic
chamber set to 22.2 (0.2)°C.
Footnote: Values are in 7/11 controls, 11/12 CR subjects, 8/12 CREX subjects and 9/11 LCD
subjects. Mean total temperature, mean day temperature (8am – 10:30pm), and night
temperature (2am – 5am). * Statistically different from baseline p< 0.05.
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Figure 5.
Correlation between: Top panel: measured 24h-EE and fat-free mass. [24h-EE (kcal/d) = 596
+ 26.8 * FFM, r2 = 0.86, p<0.001]; Bottom panel: measured sleep-EE and fat-free mass. EE
[sleeping EE = 501 + 20.2 * FFM, r2 = 0.76, p<0.001]. Fat Free mass was the major determinant
of sleep-EE.
Footnote: EE = energy expenditure, CR = calorie restriction, CREX = calorie restriction plus
exercise, LCD = liquid calorie diet. Regression lines are drawn at baseline in all subjects (n=48)
with individual’s values at M6 in CR, CREX and LCD groups.
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Figure 6.
Fasting plasma protein carbonyls and DNA Damage measured by the Comet assay.
*Statistically different from baseline p<0.005.
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Table 1
Screening characteristics of subjects completing the study (n = 46).

Male (n = 20) Female (n = 26)

Race (C/AA/O) 14 / 5 / 1 16 / 10 / 0

Age (y) 37 (2) [26 – 48] 37 (1) [26 –44]

Weight (kg) 88.6 (1.3) [77.2 – 103.0] 75.0 (1.0) [58.1 – 90.5]

BMI (kg./m2) 27.8 (0.2) [25.7 – 29.8] 27.2 (0.2) [25.0 – 29.9]

Body Fat (%) 24.7 (0.7) [16.5 – 31.0] 37.2 (0.8) [29.1 – 46.2]

Values are given as Means (SEM) [Range].

C= Caucasian, AA = African-American, O = Other
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