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Abstract

Background. The age-related decline in mass, strength, and performance of skeletal muscle is associated with loss of independence, falls risk,
disability, institutionalization, and death.

Methods. To determine whether a cocoa supplement enriched in flavonoids can improve plasma markers of oxidative stress and inflammation,
physical performance and frailty in middle-aged and older subjects, we conducted a two-phase, randomized, double-blind, clinical trial. The
initial study included 60 subjects (55- to 70-year-old) allocated into placebo (P), highly alkalinized (no-flavonoid; NF), or flavonoid-rich
natural cocoa (F) beverage groups. The follow-up study included 74 older subjects (65- to 90-year-old) randomly distributed into NF or F
groups. Subjects were instructed to consume the beverages once/day for up to 12-weeks. A comprehensive (aging relevant) set of end points
were assessed, which included mean change in blood plasma metabolic and oxidative stress indicators, in physical performance tests and
quality of life (QoL).

Results. In the initial study, the F group showed improved glycemia, triglyceridemia, High-density lipoprotein cholesterol, Low-density
lipoprotein cholesterol, triglyceridemia/HDL index, and oxidative markers. Performance on the Up and Go test, skeletal muscle index, and
quality of life also improved. In the follow-up study, F treatment was associated with significant improvements in metabolic, oxidative stress,
and inflammatory endpoints and positive effects on physical performance, frailty indicators, and quality of life (F vs. NF group).
Conclusions. Regular flavonoids consumption positively affects blood oxidative stress and inflammation end points, cardiometabolic risk
markers, physical performance, and quality of life. The sum of such effects may help to mitigate the extent of frailty development in the elderly
people.
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Aging is frequently associated with the development of multiple
morbid age-related conditions, decreased physical and mental abil-
ities, increased dependence, and reduced quality of life (QoL). Age-
related conditions such as physical and mental deficiencies constitute
a heavy burden for the elderly people, their families, and the public
health care systems (1). The expanded incidence and prevalence of
frailty due to demographic aging of the population is a global con-
cern (2). Frailty typically comprises unintentional weight loss, de-
creased grip strength (ie, muscle weakness), exhaustion or fatigue,
slowed walking, and reduced physical activity, contributing to an
increased risk for falls, disability, hospitalizations, and mortality (3).
The prevalence of frailty in Latin America and the Caribbean ranges
from 7.7% to 42.6% (4); in Mexico, a prevalence of 14.1%-37.2%
has been reported (35).

Critical to the development of frailty in the elderly population
is the loss of muscle mass and strength, which characterize a con-
dition known as sarcopenia. Sarcopenia is usually accompanied by
decreased physical activity, low mobility, slow gait, and poor exer-
cise capacity, all of which are features of frailty (6). In the setting
of aging, increased levels of oxidative stress (OS) occur and can ac-
tivate multiple pro-inflammatory pathways that worsen the condi-
tion (7). Up to 15% of people aged more than 65 years and 50%
of those aged more than 80 years have sarcopenia (8). Ruiz et al.
(9) recently reported that muscle strength is inversely and independ-
ently associated with all-cause mortality in men. Thus, strategies
that limit muscle mass loss and increase strength may counteract
frailty. Currently, only exercise is recognized to effectively counteract
sarcopenia (10). However, physical activity and exercise in the older
population are often restricted by the various conditions mentioned
earlier and by diseases such as osteoarthritis and obesity.

Evidence indicates that the consumption of cocoa flavonoids im-
proves dyslipidemia, insulin resistance, and systemic inflammation
(11). We previously reported that oral dietary supplementation with
a flavonoid-rich dark chocolate improves the exercise capacity of
sedentary middle-aged subjects while stimulating upstream regu-
lators of mitochondrial structure and function and reducing OS (12).
In murine studies, these effects can be triggered by the administra-
tion of pure epicatechin (13,14).

However, nothing is known about the effects of high flavonoid
dietary supplementation on end points associated with the develop-
ment of frailty in the elderly population. Therefore, this study was
designed to determine whether the consumption of high flavonoid
cocoa (of which the most abundant flavonoid is epicatechin) can
improve serum markers of OS, inflammation, and cardiometabolic
health and indicators of frailty and QoL in two population sam-
ples, one comprised middle-aged subjects (55-70 years old) and the
second comprised older subjects (65-90 years old).

Methods

Study Design

The initial study used a double-blind, placebo-controlled design
enrolling male and female subjects aged 55-70 years. Supplementary
Table 1 delineates the end points measured (collected at the beginning
and end of the study). All volunteers were evaluated for dietary habits
and instructed to maintain their usual lifestyle, limiting high caloric
foods, and the intake of flavonoid-containing foods and beverages (ie,
chocolate and tea). Subjects were also instructed to walk for 30 min/
day as vigorously as possible. Participants were randomly assigned
to consume once a day a powder-based beverage for 12 weeks con-
taining either (i) a cocoa-free skim milk-based powder (with coloring

and flavoring) beverage, placebo (P); (ii) an alkalinized natural cocoa
powder without flavonoids (0 mg), no flavonoids (NF) or; (iii) a nat-
ural cocoa powder rich in flavonoids (179 mg), flavonoids (F). All
beverage powders were prepared and donated by Hershey and had
as best possible, similar physical characteristics and flavor. Beverages
were provided in individual sachets containing 22 g of a dry powder
that was reconstituted with water just before consumption. Table 1
summarizes detailed compositions of the beverages.

On the basis of the results obtained from the initial study, a
follow-up study was used in older population (male and female
subjects, 65-90 years old), comparing the effects of NF versus F bev-
erages to be consumed as described earlier for only 8 weeks. The
purpose of the study was to examine the effects of a shorter exposure
to a flavonoid beverage in an elderly population, which is more sus-
ceptible to the development of pre-frail or frail conditions. Subjects
were instructed as described earlier to maintain their usual lifestyle,
to limit intake of high caloric foods and flavonoid-containing foods
and beverages, and to walk for 30 min/day. End points measured
including indicators of frailty are listed in Supplementary Table 1.

All subjects were instructed to consume the beverages during
morning fasting and to return the empty sachets to verify compli-
ance. Both studies were conducted in Mexico City, between January
and December 2016. The study was approved by the institutional
ethics and research committees of the Escuela Superior de Medicina,
Instituto Politecnico Nacional, Mexico.

Study Participants

Participants were recruited through convenience sampling, among
assistants to community centers in Coyoacan, an urban district of
Mexico City. The inclusion criteria for the initial and follow up
studies are listed in Supplementary Table 2.

Non-inclusion criteria were habitual consumption of antioxidant
supplements, cocoa products, benzodiazepines, or protein supple-
ments. Participants signed an informed consent indicating their will-
ingness to be part of the study and allowing the use of the collected
data for research purposes.

For the initial study, a total of 115 subjects were screened by
evaluation of medical history, anthropometry, blood samples, and
performance tests (hand strength and Up and Go test). Twenty-
eight subjects did not meet eligibility criteria. Thus, 87 individuals
were initially enrolled in the study (Supplementary Figure 1). For
the follow-up, a total of 150 subjects were screened as described
earlier. Seventy-six subjects did not meet eligibility criteria and per-
formance tests (hand strength and Up and Go test, skeletal muscle

Table 1. Placebo and Cocoa Beverage Powder Composition

Per serving Placebo No-flavonoid Flavonoids

Calories 60 56 56
Total fat (g) 0 1 1
Carbohydrates (g) 9 9 10
Dietary fiber (g) 0 2 2
Sugar (g) 8 6 6
Protein (g) N N N
Natural cocoa (g) 0 0 N
Alkalinized cocoa (g) 0 N 0
Caffeine (mg) 0 6 12
Theobromine (mg) 0 103 103
Proanthocyanidins (Degree of 0 0 154

Polymerization 1-10; mg)
Epicatechin (mg) 0 0 25
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index [SMI]) and frailty indicators). Thus, 74 individuals were ini-
tially enrolled in the study. Subjects participating in the initial study
did not participate in the follow-up study (Supplementary Figure 2).

Randomization and Blinding

Beverage interventions were masked with an alphabetic key, and this
list was concealed by the principal investigator until completion of
the study. See Supplementary file for details.

Outcome Measures
Anthropometric measures
See Supplementary file for details.

Clinical chemistry

After 12 hours of fasting, a venous blood sample was obtained to de-
termine glycemia and a lipid profile. The triglyceridemia (TG)/HDL
index reflecting coronary risk (15) was calculated. See Supplementary
file for details.

Serum OS and inflammatory biomarkers

Lipid oxidation was assessed by the malondialdehyde assay (16).
Protein carbonylation was measured using 2,4-dinitrophenylhydrazine
as a substrate (17). Serum interleukin-6 and tumor necrosis factor-a
levels were measured using commercially available ELISA kits (Cayman
Chemical Company).

Skeletal muscle index

On the basis of the definition of the European Working Group on
Sarcopenia in Older People, we calculated the SMI by dividing the
estimated muscle mass (kg) by the square of the height (m?). SMI
values less than 8.87 kg/m? (men) and less than 6.42 kg/m? (women)
were considered as indicative of sarcopenia.

Handgrip strength
See Supplementary file for details.

Quality of life
We assessed QoL using the two-part health-related QoL (EQ-5D)
questionnaire, as described by Golicki ez al. (18). See Supplementary
file for details.

Mobility Assessment

Six-minute walk test

Subjects were instructed to walk at their normal gait and pace during
6 minutes, in a straight 30 m long indoor corridor, on a flat and hard
surface covered by tiles 33 cm?. See Supplementary file for details.

Two-minute step in place test
Subjects in a standing up straight position marched in place during
2 minutes.

Sit-up test

Subjects seated in a standard chair were instructed to fully rise from
a sitting position using no assistance and sit down as quickly as pos-
sible during a 30 seconds period

Up and Go test

Subjects seated back in an armchair, on the word “go” they got up
and walked through a 3 m line on the floor, turned around, and
walked back to the chair and sat down.

Frailty Determination
We used the five-criteria approach proposed by Fried frailty pheno-
type (3). See Supplementary file for details.

Statistical Analysis

Data are reported as mean = standard deviation (SD) or percent-
ages when appropriate. For the initial study, analysis of variance
(intergroup analysis) and Student’s ¢ test (paired, before and after)
were used to compare means of the groups for continuous variables.
Chi-square test was used for categorical variables. For the follow-up
study, Student’s # test (paired, before and after) or Student’s ¢ test (un-
paired) for intergroup analysis was used. Nonparametric tests were
used when necessary. Statistical significance was considered when p
value is of less than 0.05. Analyses were performed with Graph Pad
Prism, v7.0 and SPSS, v24.

Results
Initial Study

Supplementary Table 3 summarizes the general characteristics of
the participants. P, NE and F groups were comparable at baseline.
Mean age was 62.4 = 3.2 and 80% of participants were women
(48/60). Average scholarship was less than or equal to 9 years
(75%). Most subjects had a history of smoking (61.6% formerly
and 26.6% currently), took more 2.97 + 0.06 medications, and had
2.3 + 0.1 comorbidities. Sixty percent subjects in all groups had low
muscle strength and 30%-40 % of them had more than 10 seconds
in the Up and Go test, no differences were found between groups
(Supplementary Table 3).

At the conclusion of the initial study, there was a significant de-
crease in body weight in all groups, which was on average greater
in the F group (2.6 = 1.7 kg). Abdominal circumference decreased
in all groups (Table 2), as did body fat (data not shown). SMI in-
creased modestly but significantly by 0.8 = 0.3 kg/m? in the F group
(Table 3).

The F group displayed a significant decrease in glycemia values
(5.9 = 12.4 mg/dL), whereas total serum cholesterol levels showed
a significant decrease only in the P group (11.4 = 19.6 md/dL). LDL
cholesterol levels decreased in all groups, reaching a greater decrease
(11.5 = 18.6 mg/dL) in the F group. HDL cholesterol levels increased
significantly (3.2 = 4.3 mg/dL) only in the F group. Triglyceride levels
reached a significant decrease of 23.6 = 38 mg/dL in the F group
(Table 2), and the TG/HDL ratio decreased (results not shown) sig-
nificantly only in the F group. A significant decrease in the Up and
Go test and an increase in SMI were observed in the F groups versus
the P and NF groups (Table 3). Handgrip strength was constant
across the groups.

Figure 1 shows changes in serum OS biomarkers: malondialdehyde
(lipid peroxidation) and protein carbonyls. Significant changes (de-
creased) occurred only in the F group.

Quality of Life

QoL indices improved significantly in the visual analog scale only
in the F group (Supplementary Table 4); no differences were noted
using the EQ-5D scale.

Follow-up Study

Supplementary Table 5 summarizes the characteristics of the patient
cohort for the follow-up study. The two groups were comparable at
baseline (no significant differences). Mean age was 75.9 = 5.7 years
and 78.7% of participants were women (48/61). The average
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Table 2. Initial Study Results

Placebo NF Flavonoids ANOVA
Anthropometric

Body weight (kg)
Baseline 84.5 = 14.3 78.9 = 10.8 83.5+12.5 0.34
12 wk 82.7 + 14.1 77.7 =11 80.9 +12.3 0.43
p .003 <.0001 <.0001
Change -1.8 2.3 -1.3=1.1 -2.6 1.7

Waist (cm)
Baseline 104.6 = 13.1 103.4 = 11.1 107.3 = 12.3 0.58
12 wk 102.1 =13 101 = 11.2 103.2 = 11.7 0.85
p <.0001 .0004 <.0001
Change -2.5=+2 -2.3=+2.5 -4.1+3.5

Metabolic (serum)

Glycemia (mg/dL)
Baseline 98.7 +10.1 98.8 + 16.7 96.1 +13.5 0.78
12 wk 95.4+9.8 97.1+15.2 90.2 9.1 0.16
» NS NS .04
Change -3.3+13.6 -1.7+7.7 -5.9+124

Cholesterol (mg/dL)
Baseline 200.6 = 32.5 186.4 = 21.5 188.6 = 39.3 0.32
12 wk 189.2 +27.7 179.3 =17 177.6 = 21.8 0.22
P .01 NS NS
Change -11.4+19.6 -7.1+18.5 -11 +26.4

LDL-c (mg/dL)
Baseline 127.9 = 35.3 108.3 = 31.3 109.4 = 47.7 0.21
12 wk 124.1 = 34.9 104.8 £ 27.9 97.9 = 33.7 0.03
P .04 .04 .01
Change -3.7+7.7 -3.5+73 -11.5 = 18.6

HDL-c (mg/dL)
Baseline 42 +4.1 41.7 £4.3 41.6 = 3.6 0.93
12 wk 43.3 4.1 42.6 =5 44.8 = 5.4 0.36
» NS NS 003
Change 1.2=+2.6 0.9 +3.9 3243

Triglycerides (mg/dL)
Baseline 189.8 = 38.3 176.6 = 41.9 189.5 = 40.6 0.50
12 wk 183 =31.2 168.4 = 35.2 165.8 +25.4 0.17
» NS NS 01
Change -6.8 =£15.7 -8.2£23.7 -23.6 + 38

p Values denote comparisons of intragroup data before versus after treatment by paired # test. Analysis of variance (ANOVA) for intergroup analysis. Results

are shown as mean = SD. n = 20/group.

scholarship was less than or equal to 9 years (68.8%). Most of the
subjects had a history of smoking (68.8% formerly and 18% cur-
rently), took four medications (4 = 0.8 drugs), and had at least two
comorbidities (2.8 = 0.8 illness).

There were significant improvements in all anthropometric
and metabolic endpoints in the F group (Supplementary Table 6).
Significant changes in waist and LDLc and TG/HDL were also de-
tected in the NF group (Supplementary Table 6).

With respect to markers of OS, flavonoid treatment de-
creased malondialdehyde (lipid peroxidation marker) and protein
carbonylation (Supplementary Figure 3). Assessments of markers of
inflammation showed a significant effect of flavonoid treatment to
decrease in interleukin-6 levels but not levels of necrosis factor-a
(p = .06; Supplementary Figure 4).

The flavonoid treatment was also associated with significant changes
in end points of physical performance (Figure 2). In the 6 minutes walk
test, the step test, the sit-up test, the Up and& Go test, and the hand-
grip strength assessment, the improvements in the F group compared to
the NF group were all significant. No significant changes in individual
frailty indicators (slowness, weakness, exhaustion, low physical activity,

weight loss) were detected (Supplementary Table 7). However, in the F
group, the number of pre-frail subjects decreased significantly by 29.4%
(Supplementary Table 7). No changes were found in NF group.

As noted in Supplementary Table 8, when using the EQ-visual
analog scale, the F group significantly improved their perception of
QoL (before vs. after). With the EQ-5D scale, subjects in the F group
demonstrated a significant reduction of 66% in the perception of
problems in mobility and pain/discomfort, with no change noted in
self-care, usual activity or anxiety/depression (data not shown). No
differences were noted in the NF group.

Discussion

Because of medical advances and changes in lifestyle, life expect-
ancy over the last decades increased much faster than the years spent
in good health (ie, healthy life years). Many countries, such as the
United Kingdom and Mexico, have seen major increases in the inci-
dence of obesity in ever younger populations, which over time sig-
nificantly facilitate the development of cardiometabolic diseases and
musculoskeletal disorders such as osteoarthritis.
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Table 3. Physical Performance

Placebo NF Flavonoids ANOVA
Physical performance

Up and Go test (s)
Baseline 83=+1.8 8.5+1.9 9.2=1.1 0.20
12 wk 8.1=1.5 8217 8.5=1 0.66
P NS NS .04
Change -0.2 -0.3 -0.7

SMI (kg/m?)
Baseline 9.1+24 8.8+2.2 9+2.6 0.92
12 wk 9225 9£2.5 9.8+2.2 0.55
» NS NS 03
Baseline 0.1 0.2 0.8

Handgrip strength (kg)
Baseline 23.8+5.7 23.5+53 22.7=+5 0.80
12 wk 24+5.1 23.6+5.2 23+4.8 0.55
P NS NS NS
Change 0.2 0.1 0.3

p Values denote comparisons of intragroup data before vs. after treatment by paired ¢ test. Analysis of variance (ANOVA) for intergroup analysis. Results are

shown as mean = SD. n = 20/group. SMI = skeletal muscle index.

A large percentage of those aged more than 70 years have a low
level of physiological function due to factors such as obesity, low
muscle mass, and impaired cardiometabolic function. The declines
in the functioning of physiological systems inevitably lead to slower
walking speed, difficulty balancing and rising from seated positions.
To better quantify such limitations, standardized tests such as the 6
minutes walk test and the 30 seconds chair-rise have been developed
and validated (19). In this study, we have used integrated scoring
of these tests in addition, to those such as the time for Up and Go
to identify physical impairments associated with conditions such as
sarcopenia, pre-frailty, and frailty.

The structure/function of the cardiovascular, respiratory, meta-
bolic, and musculoskeletal systems is amenable to maintenance or
improvement through exercise training (20). Several studies have
demonstrated that a trajectory toward frailty can be modified
through physical activity (21). Unfortunately, exercise participation
declines progressively through adult life as well as the desire to par-
ticipate. Minimum recommended activity levels for those aged more
than 635 years are only met by approximately 25% of the population.
Achieving more than 150 min/week of moderate-to-intense aerobic
exercise such as walking is associated with at least a 30% lower
risk of morbidity, mortality, and dependence versus those that are
inactive (22,23). Thus, the identification of low cost and effective
approaches to improve a healthy physiological status of the elderly
population is urgent.

Our research group has previously evaluated the capacity of
cocoa flavonoids (specifically, epicatechin; Epi) to favorably modify
the structure and function of the cardiovascular and musculoskel-
etal system of young healthy, older, and diseased animal models with
convincing results. We have measured the positive impact that the
daily provision of oral Epi at low doses (1 mg/kg/day) has on the
functional status of such systems leading to greater levels of toler-
ance to fatigue and tissue damage from challenges such as ischemia
(24). Also, recent evidence showed that Epi supplementation slowed
down the aging of skeletal muscle in old mice (25). The current re-
port extends such studies to the elderly population in whom loss of
muscle mass and other effects of aging decrease exercise capacity.

Moderate and high-intensity strength training increases muscle
size, strength, and power in elderly and frail subjects (26). However,

many studies have failed to demonstrate improvements in mobility
end points such as walking or chair rising when only select groups
of muscles are targeted (6). Thus, it has been proposed that older
frail subjects undergo muscle (eg, leg) strengthening as well as func-
tional training such as walking, chair rising, and balancing (27) 2-3
times week in sessions lasting approximately 45 minutes. Indeed, the
combination of strength and endurance training improves muscle,
cardiovascular, and metabolic health leading to improved QoL in
middle-aged subjects (28). In sedentary subjects aged 70-89 years,
a combined 1 year training program significantly improved mo-
bility (29). In addition, the combination of aerobic and strength plus
balance and flexibility training is recognized as even more effective
in improving global measures of physical function. However, many
of these training programs require periods of 6 months or more.
Furthermore, the effects of training quickly disappear upon its dis-
continuation; thus, successful conditioning programs require sus-
tained regimens.

In this study, we demonstrate that the consumption of flavonoid-
rich cocoa for only 8 weeks in older subjects is sufficient to signifi-
cantly improve mobility and physical performance measures that are
accompanied by improved blood cardiometabolic end points (30).
Specifically, an improvement of about 35 m was noted in the 6 min-
utes walk test, about 13 steps (step test), about 1.8 repetitions (sit
up test), about 0.6 seconds (Up and Go test), and +1.7 kg in grip
strength while reducing blood-related end points of, for example,
glucose by about 9 mg/dL and LDL-c by about 10 mg/dL. These
effects led to improvements in measures of frailty. As such, for the
first time, a natural food rich in flavonoids appears to trigger effects
similar to those reported by long-term physical conditioning in the
elderly population.

Excess ROS (ie, OS) is known to contribute to the aging process
via the accumulation of mitochondrial DNA mutations, which com-
promise optimal organelle function (31). Excess Reactive Oxygen
Species can also stimulate the production of pro-inflammatory cyto-
kines such as necrosis factor-a, which can further facilitate the de-
cline of cell health. Aging is also associated with a lower renewal
of mitochondria (ie, impaired mitochondrial biogenesis), which fur-
ther limits the organelle’s ability to produce sufficient amounts of
Adenosine triphosphate so as to maintain optimal cell health (32).
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Figure 1. (A) Changes in malondialdehyde contents between treatments in
initial study. (B) Changes in carbonyls contents between treatments in initial
study. Data are presented as means + SE.

Thus, the stimulation of mitochondrial biogenesis and an adequate
function of the organelle are critical to counteract aging. Currently,
only exercise is known to effectively stimulate mitochondria bio-
genesis and organelle function leading to improved cellular bioener-
getics and metabolism. In preclinical and clinical studies, we have
provided data supporting the concept that the beneficial effects of
Epi may be mediated by improvements in mitochondrial function
and biogenesis (33). In recent study performed in sedentary middle-
aged subjects, we found that the consumption of dark chocolate for
12 weeks activated upstream signaling pathways (LKB1, AMPK,
PGC1a) associated with the stimulation of mitochondrial biogenesis
and/or function in skeletal muscle. Muscle citrate synthase activity
was increased while OS indicators improved. Similar results were
reported by us in patients with heart failure and type 2 diabetes (34).
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Figure 2. Physical performance tests in follow-up study. (A) Change in 6
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sit-up test. (D) Change in Up and Go test. (E) Change in hand strength test.
Data are presented as means + SE.

Thus, on the basis of the results observed in this study, the consump-
tion of flavonoid-rich cocoa for 8 weeks appears sufficient to trigger
similar effects in older subjects and possibly account for improve-
ments in indicators of physical performance, mobility, and QoL.

Conclusions

Results of this intervention indicate that consumption of flavonoid-
rich cocoa improves cardiometabolic status and physical per-
formance/mobility, with accompanying improvements in QoL.
Reductions noted in OS and inflammation biomarkers may partly
account for the observed effects. To the extent that the modest con-
sumption of flavonoid-rich cocoa eliminates or reduces barriers and/
or conditions muscles toward an improved functional profile, it may
also facilitate the active engagement of individuals in physical activ-
ities leading to the development a self-reinforcing positive feedback
loop. The evidence provided in these small studies is provocative
and opens up new possibilities in the management of aging-induced
sarcopenia, decline in physical performance, and frailty, which
should be further validated in large clinical trials.

Limitations

Because of the characteristics of the operation of community cen-
ters in Mexico City and that the inclusion of subjects was done by
invitation, subjects were included on a first-to-come first-to-be-
included; this resulted in a gender bias toward female subjects. In
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addition, sampling was not based on a power calculation. There
is the possibility that differences in the chemical composition of
NF and F powders may partly account for the effects noted. In
this regard, a limitation is the lack of inclusion of a pure flavonoid
group in the study design, which would allow us to conclude that
cocoa flavanols (in particular, Epi) are responsible for the ob-
served effects similar to our previous reports in senile animals
(33). Furthermore, blood levels of Epi and metabolites were not
measured.

Supplementary Material

Supplementary data are available at The Journals of Gerontology,
Series A: Biological Sciences and Medical Sciences online.
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