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ARTICLE HIGHLIGHTS

• While observational studies have shown promising associations between cocoa flavanols and type 2 diabetes
(T2D) prevention, no large-scale randomized clinical trials have provided more definitive evidence.

• A prespecified secondary analysis of the Cocoa Supplement and Multivitamin Outcomes Study (COSMOS) trial
demonstrated that a median 3.5-year intervention with cocoa extract supplementation did not reduce incident
T2D among 18,381 older men and women free of diabetes at baseline.

• Further studies are necessary to examine the potential of cocoa supplementation in preventing T2D beginning
earlier in adulthood and in populations with different background diets.
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OBJECTIVE

Observational studies have indicated that cocoa flavanol supplementation may
be a promising strategy for type 2 diabetes (T2D) prevention. We aimed to
directly evaluate its clinical efficacy in a large randomized clinical trial (RCT).

RESEARCH DESIGN AND METHOD

The Cocoa Supplement and Multivitamin Outcomes Study (COMSOS) was a 2 × 2
factorial RCT performed from June 2015 to December 2020 that tested cocoa ex-
tract and a multivitamin for the prevention of cardiovascular disease (CVD) and
cancer. A total of 21,442 U.S. adults free of CVD and recent cancer, including
12,666 women aged $$65 years and 8,776 men aged $$60 years, were randomly
assigned to receive cocoa extract [500 mg/day cocoa flavanols, including 80 mg
(2)-epicatechin] or placebo. In this study, we included 18,381 participants with-
out diabetes at enrollment and examined the effect of cocoa extract supplemen-
tation on incident self-reported T2D in intention-to-treat analyses.

RESULTS

During a median follow-up of 3.5 years, 801 incident T2D cases were reported.
Compared with placebo, taking a cocoa extract supplement did not reduce T2D
(adjusted hazard ratio 1.04, 95% CI 0.91–1.20, P = 0.58). Stratification analyses
showed that the effect of cocoa extract supplementation was not significantly
modified by sex, race, BMI, smoking, physical activity, dietary quality, flavanol
status at baseline, or randomized multivitamin assignment.

CONCLUSIONS

Middle-aged and older adults taking a cocoa extract supplement for a median of
3.5 years did not reduce their risk of incident T2D. Further studies of cocoa ex-
tract supplementation beginning earlier in adulthood and in populations with dif-
ferent background diets are warranted.

Type 2 diabetes (T2D) continues to be a global epidemic, and simple, safe, and effec-
tive strategies for primary prevention are urgently needed (1). Cocoa, a fermented
product made from the bean of the cacao tree, has historically been considered to
have strongmedicinal properties (2). Observational studies suggested that intake of co-
coa products, such as dark chocolate and cocoa beverages, may be associated with
lower T2D risk and more favorable glycemic measures (3–5). Purported health benefits
of cocoa products have been mainly attributed to its high flavanol content, including
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catechins and epicatechins (6,7). Potential
mechanisms for beneficial effects of cocoa
on glycemia include enhancing endothelial
function (8), antioxidant (6) and anti-in-
flammatory (9) activity, and modulation of
insulin resistance (10). Therefore, cocoa
supplementation may represent a prom-
ising intervention strategy for T2D pre-
vention and control.
Although some small-scale clinical trials

have shown beneficial short-term effects
of cocoa on glucose and insulin metabo-
lism (10–13), these have been limited by
small sample sizes (10,14), short dura-
tions (15,16), cross-over designs (14,17),
wide ranges of flavanol doses (10,18),
type of intervention (chocolate, cocoa,
cocoa extracts, or refined cocoa flavan-3-
ols) (15–22), and reliance on intermediate
biomarkers rather than clinical outcomes
(23). Despite the decreased risk of cardio-
metabolic diseases associated with cocoa
flavanols found in observational studies and
some small trials, the effects of flavanol-rich
cocoa extract in combination with other
bioactive components of the cocoa bean
on T2D prevention have not been exam-
ined in a large, randomized, placebo-
controlled trial with long-term follow-up
for clinical outcomes. We therefore ad-
dressed this question in the Cocoa Supple-
ment and Multivitamin Outcomes Study
(COSMOS) randomized clinical trial (RCT)
that tested the effects of a cocoa extract
supplement on the prevention of cardio-
vascular disease (CVD) and a multivitamin
on the prevention of cancer among 21,442
older men andwomen (24–26).

RESEARCH DESIGN AND METHODS

Study Design and Participant
Recruitment
COSMOS is a recently completed, random-
ized, double-blind, placebo-controlled, 2 ×
2 factorial trial designed to simultaneously
test the effects of a cocoa extract supple-
ment [2 capsules/day containing 500 mg
flavanols/day, including 80 mg (�)-epica-
techin; Mars Edge] on the prevention of
CVD and a multivitamin supplement (Cen-
trum Silver; Pfizer Consumer Healthcare,
now Haleon) on the prevention of cancer.
The sample size and statistical power were
calculated for each objective separately. A
total of 21,442 U.S. adults were random-
ized into the trial, including 12,666 women
aged $65 years and 8,776 men aged
$60 years, who were free of myocardial
infarction, stroke, and recently diagnosed

cancer (except for nonmelanoma skin can-
cer) within the past 2 years (24–26).

A detailed description of participant
recruitment and enrollment has been
published elsewhere (24). In brief, the
recruitment was conducted from June
2015 to March 2018 with mailings to ac-
tive participants in the Women’s Health
Initiative (WHI) Extension Study, men
and women contacted for but not ran-
domly assigned to the Vitamin D and
Omega-3 Trial (VITAL), and volunteers
who heard about the trial through vari-
ous sources. Eligible participants agreed
to forgo taking personal cocoa extract
and multivitamin supplements during the
trial, restrict vitamin D to #1,000 IU/day
and calcium to #1,200 mg/day from all
supplements, and complete a placebo run-
in phase of at least 2 months with good
compliance indicated by taking $75% of
the study pills.

A total of 21,442 participants met all
eligibility requirements and were ran-
domly assigned to the following four
groups with equal probability from April
2016 to March 2018: 1) active cocoa ex-
tract and active multivitamin, 2) active co-
coa extract and multivitamin placebo, 3)
cocoa extract placebo and active multivi-
tamin, or 4) both placebos. The study pills
were mailed to participants as monthly
calendar packs. Treatment assignments
were blinded to both investigators and
participants and stratified by sex, age
(blocks of 5 years), and recruitment sour-
ces (WHI and non-WHI). The randomized
intervention phase ended as scheduled
on 31 December 2020.

In the current study, we performed a
secondary analysis to investigate the ef-
fects of cocoa extract supplementation
on T2D risk. After excluding 3,061 partici-
pants with self-reported T2D at the time
of enrollment, a total of 18,381 partici-
pants were included in the analysis. The
participants who were randomly assigned
to groups 1 and 2 were merged into the
cocoa extract group (n = 9,194), while
those assigned to groups 3 and 4 were
categorized as the placebo group (n =
9,187) (Graphical Abstract).

Participant compliance was evalu-
ated from self-reports on semiannual
questionnaires that indicated the frequency
of pill-taking, with good compliance defined
as taking$75% of the study pills. A subset
of 5,627 COSMOS participants (30.6%) was
asked to provide optional biospecimens, in-
cluding spot urines, through either a mailed

biospecimen kit; home-based visit by Exam-
ination Management Services, Inc.; or at a
Quest Diagnostics clinic visit. Furthermore,
1,750 participants also provided spot urine
samples at 1, 2, and 3-year follow-up assess-
ments. Urinary 5-(30,40-dihydroxyphenyl)-g-
valerolactone (gVL)-30/40-sulfate (gVL3S),
and gVL-30/40-O-glucuronide (gVLG) me-
tabolites (summed as gVLM) in humans
has been considered to be specific for
consumption of flavan-3-ol (27), which is
one of the main bioactive components of
cocoa extract. In the COSMOS trial, we
measured baseline and follow-up urinary
gVLM as a biomarker of compliance with
the cocoa extract intervention. We previ-
ously demonstrated that participants ran-
domized to the COSMOS cocoa extract
intervention had a threefold increase in
urinary gVLM compared with placebo (25).

All participants provided written in-
formed consent before enrollment in the
trial. COSMOS was approved and over-
seen by the institutional review board
of Brigham and Women’s Hospital/Mass
General Brigham. The COSMOS website is
https://www.cosmostrial.org.

Ascertainment of Incident T2D
Incident T2D cases were self-reported
from questionnaires completed every
year during the trial, as well as the study
closeout follow-up questionnaire in Janu-
ary 2021. Participants were asked, “In the
past year, have you been newly diag-
nosed with diabetes? If yes, please pro-
vide the month/year of the diagnosis.” In
addition, they were asked, “Are you cur-
rently taking any diabetes medications?”
If participants provided the date of diag-
nosis, the occurrence of incident T2D was
marked on that date. In cases where par-
ticipants did not provide this information
but indicated current use of diabetes
medication, the date of incident T2D was
assigned as the date of questionnaire
return. As a sensitivity analysis, we also
ascertained incident T2D cases as self-
reported incident T2D plus use of hypogly-
cemic medications. Compared with confir-
mation through use of medical records
and biomarkers, self-reported diabetes has
been found to have high accuracy and reli-
ability in validation studies (28–30).

Assessment of Covariates
Demographic characteristics and lifestyle
factors for each participant collected at
baseline using questionnaires were
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included in the analysis as covariates,
such as sex, age, race/ethnicity, education,
smoking status, alcohol intake, physical activ-
ity, alternate healthy eating index (AHEI),
BMI, and family history of diabetes. Because
of the 2 × 2 factorial design, we also in-
cluded randomized multivitamin assign-
ment in our analyses. Participants who
had smoked >100 cigarettes in their life-
time and were currently smoking were
categorized as current smokers, those
who had smoked<100 cigarettes in their
lifetime and were not currently smoking
were categorized as never smokers, and
those who had smoked >100 cigarettes
in their lifetime but were not currently
smoking were categorized as previous
smokers. Participants indicated their aver-
age consumption of beer, red wine, white
wine, and liquor over the past year
through a dietary questionnaire, which
was then converted into grams of alcohol
per day. Finally, participants reported the
average time per week spent engaging in
10 recreational activities, as well as the
daily average of steps climbed, which
were subsequently converted into total
physical activity in MET-h/week.

The proportions of missing data for co-
variates were 0.95% for education, 1.18%
for physical activity, 1.39% for smoking,
1.90% for BMI, 4.94% for family history of
diabetes, and 11.2% for AHEI.We applied
median and mode imputation to replace
the missing data for continuous and cate-
gorical covariates, respectively.

Statistical Analysis
Our primary analyses were based on the
intention-to-treat principle. Follow-up was
censored at the date of the occurrence
of incident T2D, last contact, or end of
the trial on 31 December 2020, whichever
came first.We used Cox proportional haz-
ards models to allow for variable follow-
up length and estimated the hazard ratio
(HR) for the randomized cocoa extract in-
tervention, controlling for age, sex, race/
ethnicity (White, African American, His-
panic, Asian/Pacific Islander, or other),
randomized multivitamin assignment (yes
or no), education (high school or less, col-
lege, or postcollege), smoking (never, pre-
vious, or current), alcohol intake (in
g/day, continuous), physical activity in
MET-h/week (continuous), dietary quality
evaluated by AHEI (continuous), family
history of diabetes (yes or no), and BMI
(in kg/m2, continuous).

To assess the potential bias introduced
bymissing data imputation, we conducted
an additional analysis by excluding partici-
pants with missing covariate data. To eval-
uate whether findings were biased by
poor compliance, we censored follow-up
at the time of noncompliance by taking
<75% of the study pills in per-protocol
analyses.

A series of subgroup analyses examined
whether the effects of cocoa extract on
T2Dweremodified by sex (male or female),
race/ethnicity (White or non-White), BMI
($30 or <30 kg/m2), smoking (never, pre-
vious, or current), physical activity (greater
than or equal to or less than the median),
AHEI (greater than or equal to or less
than the median), baseline urinary gVLM
(greater than or equal to or less than the
median), and randomized multivitamin
treatment assignment (active or placebo).
Analyses were performed using SAS 9.4
statistical software (SAS Institute).

RESULTS

Baseline Characteristics
Among the 18,381 participants included
in the analyses, 7,459 were men with a
mean ± SD age of 68.9 ± 6.2 years, 10,922
were women with a mean age of 74.2 ±
6.0 years, 90% were White, 90% had col-
lege degree or above, and 4% were cur-
rent smokers. The mean BMI was 27.1 ±
5.0 kg/m2. The distribution of sociodemo-
graphic, lifestyle factors, family history of
diabetes, statin use, and urinary gVLM
at baseline was balanced between the
randomized cocoa extract and placebo
groups (Table 1).

Effect of Cocoa Extract
Supplementation on Incident T2D
During a median follow-up of 3.5 (inter-
quartile range 3.3–4.2) years, a total of
801 incident T2D cases were reported by
participants. Compared with the partici-
pants taking placebo, those taking cocoa
extract supplement did not have a re-
duced risk of T2D (HR 1.03, 95% CI
0.89–1.18, P = 0.73). Further adjustment
or multiple covariables did not materi-
ally change the results (HR 1.04, 95% CI
0.91–1.20, P = 0.58) (Table 2 and Fig. 1).
For 557 participants with incident T2D
treated with hypoglycemic medications
(insulin or other injectable or oral hypogly-
cemic agent), the HR was 1.04 (95% CI
0.88–1.22, P = 0.68) (Table 2). Excluding
participants with missing data in analyses

did not materially change the results. In
the per-protocol analysis with follow-up
censored at the time of noncompliance
based on initial report of taking <75% of
the study pills, the results were consistent
with our intention-to-treat findings (Table 2).

Further stratification analyses showed
that cocoa extract supplementation was
associated with a nonsignificant 45% lower
risk of T2D among current smokers (HR
0.55, 95% CI 0.29–1.05, P = 0.07), while
never smokers (HR 1.08, 95% CI 0.90–1.30,
P = 0.42) and former smokers (HR 1.06,
95% CI 0.85–1.32, P = 0.63, P for interac-
tion = 0.17) had no suggestive effects. Oth-
erwise, the effects of randomized cocoa
extract supplementation on incident T2D
did not significantly differ by sex (P for in-
teraction = 0.99), race/ethnicity (P for inter-
action = 0.46), BMI (P for interaction =
0.40), physical activity (P for interaction =
1.00), dietary quality based on AHEI (P for
interaction = 0.37), randomized multivita-
min intervention (P for interaction = 0.86),
or urinary gVLM at baseline (P for interac-
tion = 0.65) (Table 3).

CONCLUSIONS

In this large, randomized, double-blind,
placebo-controlled trial, we found no
beneficial or adverse effect of cocoa ex-
tract supplementation on self-reported
incidence of T2D among older U.S. men
and women free of diabetes at baseline
during a median follow-up of 3.5 years.
Previous prospective cohort studies that
examined the associations between die-
tary flavonoid intake and risk of T2D
have shown inconsistent findings. In the
Nurses’ Health Study (NHS) of 70,359
women, NHS II of 89,201 women, and the
Health Professionals Follow-Up Study of
41,334men, the highest versus lowest quin-
tile of dietary anthocyanins, a major flavo-
noid subclass, was associated with a lower
risk of T2D. However, no significant associa-
tions were found for total flavonoid intake
or otherflavonoid subclasses (31).The Euro-
pean Prospective Investigation into Cancer
and Nutrition (EPIC)–InterAct case-cohort
study found that individual flavonoids
were differentially associated with risk of
T2D, with the highest versus lowest quin-
tiles of flavan-3-ol monomers, proantho-
cyanidins with a low polymerization
degree, and the flavonol myricetin in-
versely associated with a lower risk of
T2D (32). However, in the Women’s
Health Study of 38,018 women with
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8.8 years of follow-up, therewas no signifi-
cant association between intake of fla-
vonols and flavones and T2D risk (33).
Finally, a meta-analysis of six prospective
cohort studies that included 284,806 par-
ticipants and 18,146 T2D cases showed
that a 500 mg/day increase in total flavo-
noids intake was associated with a 5%
lower risk of T2D (34). The interpretation
of results from these and other observa-
tional studies is likely limited because of
residual confounding by other dietary and
lifestyle factors.

Small-scale, short-term trials have also
tested the effects of flavanols on cardiome-
tabolic outcomes related to T2D. Interven-
tions in these trials included monomers,
proanthocyanidins, and foods and bever-
ages rich in flavanol, such as fruit, dark
chocolate, cocoa, tea, and red wine. Out-
comes were typically limited to intermedi-
ate biomarkers of cardiometabolic health,
including glucose metabolism via HbA1c,
fasting glucose, and HOMA of insulin resis-
tance (35,36). In a meta-analysis of RCTs
evaluating the effect of flavan-3-ols on

glucose metabolism, there were signifi-
cant decreases in HbA1c and HOMA of
insulin resistance but not in fasting glu-
cose. Furthermore, meta-regression on
these smaller and short-term RCTs did
not reveal any dose-response associations
between flavanol intake and net change
in glucose metabolism (23).

In the COSMOS trial, with its large
sample size and long-term follow-up, we
found a null effect of cocoa extract sup-
plementation on incident T2D in older
men and women. COSMOS was designed

Table 1—Baseline characteristics of 18,381 COSMOS participants with no history of T2D according to randomized treatment
assignment

Characteristic Total Cocoa extract Placebo P

Participants, n 18,381 9,194 9,187

Men, n (%) 7,459 (40.58) 3,746 (40.74) 3,713 (40.42) 0.65

Age, years 72.0 ± 6.6 72.0 ± 6.6 72.0 ± 6.6 0.96

BMI, kg/m2 27.1 ± 5.0 27.1 ± 5.0 27.1 ± 5.0 0.33

Self-identified race/ethnicity, n (%) 0.11

White 16,481 (89.66) 8,240 (89.62) 8,241 (89.70)
African American 793 (4.31) 394 (4.29) 399 (4.34)
Hispanic 415 (2.26) 188 (2.04) 227 (2.47)
Asian/Pacific Islander 369 (2.01) 199 (2.16) 170 (1.85)
Other 323 (1.76) 173 (1.88) 150 (1.63)

Education, n (%) 0.84

High school or less 1,840 (10.01) 926 (10.07) 914 (9.95)
College 7,302 (39.73) 3,633 (39.51) 3,669 (39.94)
Postcollege 9,239 (50.26) 4,635 (50.41) 4,604 (50.11)

Smoking status, n (%) 0.26

Never 10,247 (55.75) 5,093 (55.39) 5,154 (56.10)
Previous 7,434 (40.44) 3,765 (40.95) 3,669 (39.94)
Current 700 (3.81) 336 (3.65) 364 (3.96)

Total caloric intake, kcal/day 1,641 ± 825 1,640 ± 831 1,643 ± 819 0.82

Alcohol intake, g/day 9.45 ± 14.30 9.45 ± 14.20 9.45 ± 14.40 0.99

Total carbohydrates, g/day 181.3 ± 100.4 180.8 ± 101.6 181.8 ± 99.2 0.50

Saturated fat, g/day 21.2 ± 12.2 21.2 ± 12.1 21.3 ± 12.3 0.40

Monounsaturated fat, g/day 22.1 ± 13.1 22.1 ± 13.3 22.0 ± 13.0 0.66

Polyunsaturated fat, g/day 13.3 ± 9.6 13.3 ± 9.5 13.3 ± 9.6 0.86

Animal protein, g/day 56.6 ± 37.3 56.7 ± 38.6 56.4 ± 36.0 0.52

Vegetable protein, g/day 22.4 ± 14.2 22.5 ± 14.8 22.3 ± 13.6 0.31

AHEI 42.8 ± 10.3 42.9 ± 10.2 42.8 ± 10.4 0.58

Recreational physical activity, MET-h/week 25.04 ± 25.22 25.28 ± 25.64 24.81 ± 24.80 0.21

Family history of diabetes, n (%) 5,500 (29.92) 2,718 (29.56) 2,782 (30.28) 0.46

History of high blood pressure, n (%) 9,924 (54.15) 4,955 (54.06) 4,969 (54.24) 0.80

Statin use, n (%) 7,325 (40.13) 3,698 (40.44) 3,627 (39.81) 0.38

Regular multivitamin use before run-in, n (%) 7,436 (40.61) 3,757 (41.00) 3,679 (40.21) 0.28

Randomized to multivitamin, n (%) 9,205 (50.08) 4,601 (50.04) 4,604 (50.11) 0.92

Urinary gVLM at baseline, mmol/La 10.0 (15.4) 9.8 (15.2) 10.2 (15.5) 0.43

Data are mean ± SD unless otherwise indicated. aUrine gVLM levels at baseline were measured in 2,836 participants in the cocoa extract
group and 2,791 in the placebo group.
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with $80% power to detect an 11% rel-
ative hazard reduction in total CVD
(25,26). As the incidence rate for T2D
was higher than CVD for which COSMOS
was designed, we believe that we had
adequate power to evaluate the effi-
cacy of cocoa flavanol supplementation
on risk of T2D, a secondary outcome, in
the current study. In addition, compli-
ance with the cocoa extract intervention
was high, with >80% of participants on
average taking at least 75% of study pills
and a more than threefold increase in
urinary gVLM concentrations with cocoa
intervention (25,26). Hence, we do not

expect poor compliance to explain our
lack of effect for cocoa extract on T2D.

Some prospective cohort studies to
date suggested that the associations be-
tween chocolate consumption and risk of
diabetes may be stronger in comparatively
younger men and women. The Physicians’
Health Study included 18,235 men with a
mean follow-up of 9 years and suggested
an inverse association of chocolate intake
with incident T2D in younger (<65 years)
but not older ($65 years) men (P for inter-
action for age = 0.03) (5). Furthermore,
the WHI included 92,678 postmenopausal
women with a mean follow-up of 13 years

and found that moderate chocolate intake
modestly decreased risk of T2D in the
women aged <65 years but not in those
aged$65 years (P for interaction for age =
0.048) (37). Although these observational
analyses cannot exclude residual confound-
ing and selection biases, it is possible that
the older age of participants recruited in
the COSMOS trial may have contributed
to the null effect of cocoa extract supple-
mentation observed in the current study. In
addition, the 3.5-year follow-up period in
the COSMOS trial is comparatively shorter
than the 9–13 years of follow-up in the
prospective cohorts. This discrepancy raises
the possibility that the observed null results
could be at least partially attributed to in-
sufficient follow-up time.

In subgroup analyses, we found that
most subgroups did not have a lower risk
of T2D with cocoa extract supplementa-
tion, but current smokers had a 45% lower
risk of T2D in the active versus placebo
group. On the one hand, given multiple
comparisons, this finding may have been
due to chance and should be interpreted
cautiously. On the other hand, it is possible
that current smokers and others with un-
healthy lifestyles and higher oxidative/
inflammatory loads may be more likely
to benefit from cocoa supplementation.
Further research is necessary to examine
the potential of cocoa supplementation
in preventing T2D in populations charac-
terized by unhealthy lifestyles.

Several strengths of the current study
should be considered, including the large
sample size, double-blind and placebo-
controlled trial design, 2 × 2 factorial de-
sign, and good compliance with the cocoa

Figure 1—Cumulative incidence of T2D in cocoa extract supplementation and placebo groups
during the trial period. The HR of T2D was calculated by using Cox proportional hazards regres-
sion models with adjustment for sex, age, race/ethnicity, randomized multivitamin assignment,
education, smoking, alcohol intake, physical activity, dietary quality, family history of diabetes,
and BMI (intention-to-treat analysis).

Table 2—Effect of randomized cocoa extract supplementation on incident T2D in intention-to-treat and per-protocol analyses

Number of events of total

Outcome Cocoa extract Placebo Model HR1 (95% CI) P HR2 (95% CI) P

Intention-to-treat analysis
Total incident T2D 405 of 9,194 396 of 9,187 1 1.03 (0.89–1.18) 0.73 1.03 (0.89–1.18) 0.73

2 1.04 (0.91–1.20) 0.58 1.06 (0.91–1.24) 0.46
Medication-treated T2D 282 of 9,194 275 of 9,187 1 1.02 (0.87–1.21) 0.79 1.02 (0.87–1.21) 0.79

2 1.04 (0.88–1.22) 0.68 1.06 (0.88–1.27) 0.55

Per-protocol analysis

Total incident T2D 374 of 9,194 372 of 9,187 1 1.02 (0.88–1.17) 0.84 1.02 (0.88–1.17) 0.84
2 1.03 (0.90–1.19) 0.66 1.06 (0.91–1.24) 0.47

Medication-treated T2D 262 of 9,194 258 of 9,187 1 1.02 (0.86–1.21) 0.81 1.02 (0.86–1.21) 0.82
2 1.04 (0.87–1.23) 0.67 1.07 (0.88–1.29) 0.51

HRs and their 95% CIs were calculated by using Cox proportional hazards regression models. We imputed missing values for covariables be-
fore modeling. For the HR1 analysis, all participants were included, while for the HR2 analysis, participants with missing data were excluded.
Model 1 is adjusted for sex, age, race/ethnicity, and randomized multivitamin assignment. Model 2 is model 1 plus education, smoking, alco-
hol intake, physical activity, AHEI, family history of diabetes, and BMI. In the per-protocol analysis, follow-up was censored on time of non-
compliance evaluated by taking <75% of the study pills.
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extract intervention. These strengths made
COSMOS the most rigorous trial to date to
evaluate the efficacy of cocoa flavanol sup-
plementation in reducing the incidence of
T2D. Some limitations should also be con-
sidered. First, because the trial enrolled
older U.S. men and women, our findings
cannot be generalized to younger adults at
risk for developing T2D or to populations
with different background diets or risk fac-
tors for T2D. Second, the incident T2D
cases were self-reported; however, self-
reported T2D has previously been demon-
strated to have high accuracy and reliability
in validation studies (28–30). Third, cocoa
has a high concentration of bioactive
compounds, including antioxidants (38),
although we were not able to determine
the antioxidant activity of the cocoa extract
supplement used in COSMOS. Finally, this
secondary analysis that excluded partici-
pants with T2D at baseline may modestly
alter the balance between intervention
and placebo groups; however, our large
sample size and randomization minimized

potential bias for the main relative risk es-
timate comparing cocoa with placebo.

In conclusion, cocoa extract supplemen-
tation during a median of 3.5 years did not
reduce the risk of T2D in older U.S. adults.
Nonetheless, given previous research sug-
gesting potential benefits for T2D inyounger
adults, additional studies of cocoa extract
supplementation beginning earlier in adult-
hood and in countries or regionswith differ-
ent background diets arewarranted.
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Table 3—Subgroup analyses of the effect of randomized cocoa extract supplementation on incident T2D

Number of events of total

Cocoa extract Placebo HR (95% CI) P P for interaction

Sex
Male 136 of 3,746 131 of 3,713 1.05 (0.82–1.33) 0.71 0.99
Female 269 of 5,448 265 of 5,474 1.04 (0.88–1.23) 0.68

Race

White 357 of 8,240 342 of 8,241 1.06 (0.92–1.23) 0.42 0.46
Non-White 48 of 954 54 of 946 0.90 (0.61–1.33) 0.59

BMI, kg/m2

<30 229 of 7,097 234 of 7,098 0.99 (0.82–1.19) 0.89 0.40
$30 176 of 2,097 162 of 2,089 1.11 (0.90–1.37) 0.34

Smoking status

Never 226 of 5,093 217 of 5,154 1.08 (0.90–1.30) 0.42 0.17
Previous 164 of 3,765 151 of 3,669 1.06 (0.85–1.32) 0.63
Current 15 of 336 28 of 364 0.55 (0.29–1.05) 0.07

Physical activity

Less than median (19.1 MET-h/week) 240 of 4,636 238 of 4,646 1.03 (0.86–1.24) 0.73 1.00
Greater than or equal to median (19.1 MET-h/week) 165 of 4,558 158 of 4,541 1.03 (0.83–1.29) 0.77

Dietary quality

Less than median AHEI score (42.5) 218 of 4,903 227 of 4,889 0.98 (0.82–1.18) 0.85 0.37
Greater than or equal to median AHEI score (42.5) 187 of 4,291 169 of 4,298 1.13 (0.91–1.39) 0.26

Multivitamin intervention

Yes 202 of 4,601 196 of 4,604 1.06 (0.87–1.29) 0.56 0.86
No 203 of 4,593 200 of 4,583 1.03 (0.85–1.25) 0.79

Urinary gVLM at baselinea

Less than median (3.5 mmol/L) 53 of 1,441 50 of 1,372 1.03 (0.70–1.52) 0.89 0.65
Greater than or equal to median (3.5 mmol/L) 52 of 1,395 60 of 1,419 0.90 (0.62–1.31) 0.58

HRs and their 95% CIs were calculated by using Cox proportional hazards regression models, with adjustment for sex, age, race/ethnicity, randomized
multivitamin assignment, education, smoking, alcohol intake, physical activity, AHEI, family history of diabetes, and BMI. aUrine gVLM levels at base-
line were measured in 2,836 participants in the cocoa extract group and 2,791 in the placebo group.
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