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ABSTRACT
Background: Previous studies reported beneficial effects of cocoa
or chocolate on insulin resistance, oxidative stress, and inflamma-
tion, which are important risk factors of type 2 diabetes mellitus
(DM). However, it is unclear whether chocolate consumption is
associated with risk of DM.
Objective: We tested the hypothesis that chocolate consumption is
inversely associated with incident DM in the Physicians’ Health
Study (PHS).
Design:We prospectively analyzed data on 18,235 PHS participants
who were free of DM at baseline (1997–2001). Chocolate consump-
tion was obtained from a baseline food-frequency questionnaire.
Incident DM was ascertained via annual follow-up questionnaires
and validated in a subsample by a review of medical records. We
used Cox proportional hazards models to estimate HRs and 95% CIs
of DM.
Results: The mean (6SD) age at baseline was 66.3 6 9.2 y. During
a mean follow up of 9.2 y, 1123 men (6.2%) developed DM. For
self-reported chocolate consumption of none, 1–3 servings/mo,
1 serving/wk, and $2 servings/wk, multivariable-adjusted HRs (95%
CIs) of DM adjusted for lifestyle, clinical, and dietary risk factors
including total energy intake were 1.00 (referent), 0.93 (0.79, 1.09),
0.86 (0.72, 1.04), and 0.83 (0.69, 0.99), respectively (P-trend =
0.047). In secondary analyses, the inverse association of chocolate
consumption and risk of DM was slightly stronger in subjects with-
out a history of cardiovascular disease or heart failure (P-trend =
0.023). In addition, both age and BMI modified the chocolate-DM
relation (P , 0.05 each).
Conclusion: Our data support an inverse relation of chocolate in-
take with incident DM, which appears only to apply in younger
and normal–body weight men after controlling for comprehensive
life styles including total energy consumption. Am J Clin Nutr
2015;101:362–7.
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INTRODUCTION

Type 2 diabetes mellitus (DM)5 has tremendous worldwide
social and economic burden partly because of its complications,
including cardiovascular disease (CVD), renal dysfunction,
retinopathy, or diabetic cardiomiopathy (1). The prevalence of
DM is increasing rapidly and estimated to rise from 171 million
cases in 2000 to 366 million cases in 2030 (2). Therefore, it is
important to identify modifiable risk factors of DM such as diet

and determine beneficial foods that could help reduce risk of
DM.

Chocolate contains caffeine, flavonoids (e.g., flavanols and
procyanidins), and minerals such as magnesium (3) that could
influence risk of DM. An inverse association between the con-
sumption of caffeine, flavonoids, and magnesiumwith risk of DM
has been reported with inconsistent results (4–9). In contrast,
cocoa and chocolate have beneficial effects on insulin resistance
(10–12), oxidative stress (12–14), and inflammation (15, 16),
which play important roles in the pathogenesis of DM, and some
observational studies suggested an inverse association of choc-
olate intake and risk of DM (8, 17). However, it is still unclear
whether chocolate consumption is associated with risk of DM
and whether this association differs according to characteristics
of the study population. Hence, we sought to examine whether
chocolate consumption is inversely associated with incident DM
in the Physicians’ Health Study (PHS).

SUBJECTS AND METHODS

Study population

Study subjects were selected from 29,071 participants in
the PHS I (clinicaltrials.gov; NCT00000500) and PHS II
(clinicaltrials.gov; NCT00270647). The PHS I is a completed
randomized trial of the efficacy of low-dose aspirin and b-carotene
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